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Outline of the lecture

AFE1EHAIF %~ Measuring Human
RE_~Human Vision System
H/Ev2L Y A Visual Sensing
HET1RTL A~ Visual Display

BEH ., FEE A/ 271 —X /Auditory Interface
e fE A2 AT —XR Tactile Interface
e fE A2 AT T—R2.Tactile Interface
HE . HEA2BTT—X Haptic Interface
BEEE A2 T —X .~ Locomotion Interface
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TODAY’s TOPIC

1. Haptic Perception Mechanism (other than skin sensation)
a. Haptic lllusions
. Vision + Haptics
Il.  Cutaneous+Haptics
2. Classifying Haptic Interface
a. Grounded type
I.  Encounter type
Il.  Wearing type
Ill.  Holding type (pen & tools)

b. Ungrounded type
3. Application of Haptic Interface

a. VR
b. Telexistence & Communication
c. AR

Antagonistic Muscles

*Two muscles are responsible for one joint. Isn’t it 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
¢ 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
¢ Joint Mechanoreceptor
— Inside Joint
— React to Joint Angle=Position

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

1. Vision + Haptics
2. Cutaneous (R EEHE) + Haptics

MEICEDNTT1vI8E (1) VA X-BESHEE
Vision Induced Haptics(1): Size-Weight lllusion

RLEETHNIE. PESVEDELYECRELS,
If two objects are the same weight, smaller one felt hevier.
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Ban et al.: Augmented Endurance: Controlling Fatigue
while Handling Objects by Affecting Weight Perception
using Augmented Reality, CHI2013.

MBEICKDBNTTaVI8E (2): 22—FNTF1VR
Vision Induced Haptics(2): Pseudo-Haptics
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REMLGBETL->T, MEHNGIERBERLS, YIRH—
VILDEEEBLIEEDTL—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

PseudoHaptics

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

BRIZKBINTT1vI8EE (3):
Rubber Hand lllusion

RATOWELWEBOFICMEMNLGRIEES X . RFICTLAOFICHR
%E@f;ﬁlligii—‘:;iéo LIESKTZETLDFNEDDFTHELIIC
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)



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

ubber Hand lllusion

Rubber Hand Illusion D53k

BREXE AS5EEHRE
[EESFERE R AT LA
@DCEXxp02010
http://www.youtube.com/watch?v=aixTxO5gC
pE&feature=player_embedded
A)1—2ar A ELTOHRETREMNLRIBLETEBAT L MREESZIONT
WEWNZEMDDLTTET Y I ELIZEEEELS,
While Rubber Hand lllusion is induced, Only visual stimulus is moved.
Then we feel vague tactile sensation.

BREICKDINTTavI8E (4):
S5—RYIRICKDLIFRFEDIEF

Reduction of phantom pain by mirror box

L o | B

LR FREKXSF-RIZ, U)BEM X RREL:
WDIZHELWVEAERELDER,
VEDDRER: ko1=F B DI MEZ (R T+
<y )HIEL ARICTELGAL |ICETRNT
BAHTFILDRE, RBELLIZREL
DITFEHEELKITS,

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.

IT—MMVIRETE—
Mirror box therapy

A A—TEEBHILT MNTENEITOF%
AT IENTED, CNITKYLIRBEERIN
ITIEBTES,

Using mirror box, patients can “move” their

lost limb in their brain, so that the phantom
pain is dramatically reduced.

(BE)REICEDFEHDIER

Visually small reduces pain

INCREDIBLE SHRINKING PAIN

Last month, researchers at Oxford [( ‘
University announced the

discovery of a powerful new *

painkiller: inverted binoculars. The \\N‘ﬂ,( *
scientists found that subjects who ’
looked at a wounded hand
through the wrong end of
binoculars, making the hand
appear smaller, felt significantly
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. Sa
next time you stub your toe or cut
afinger, do yourself a favor: look
away.

RESE-WRFLEFE->TRADEREHRT DEEHNES,

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

BEREEIZ&LD/N\TF1y58H Cutaneous Induced Haptics :
E /%7 #% -1 Pinocchio lllusion-1
THE PINOCCHIO ILLUSION

This requires two chairs and a blindfold,
The person wearing the blindfold should
sit in the rear chair, staring at the back of
the person sitting in front, The
blindfolded person should then reach
around and piace one hand on the other
person's nose. At the same time, he
should put his other hand on his own
nose, and begin gently stroking both
noses. After about a minute, more than
50 percent of
subjects report
that their nose
feels incredibly
long.

BADOHDOADRER/TOD. BN DRLWTHE NNEETESEEDAMN
BADEMNEUTZLIIZREL S, Rubber Hand lllusion DR EfELARE L TERAZAIAE



http://www.youtube.com/watch?v=nzF_DfOafKw&feature=related
http://www.youtube.com/watch?v=aixTxO5gCpE&feature=player_embedded
http://www.cell.com/current-biology/abstract/S0960-9822(08)01259-1#aff1

EEREEIZRD/N\TT1vY8E Cutaneous Induced Haptics :
HEHEELE /X FEEE -2 Extention lllusion & Pinocchio Illusion-2

S EWIZED

O AA=T ‘ BRER  HRICEVMRIREES
A e % 25&. REHZE->TIRHES .
7 N N SINRESHET L. BAMSHUT
N N ESLEY
! Extention Illusion: Strong vibration to
\ﬁ( X muscle induces shrink reflex. If this
ﬁﬁlﬂ* RO \ shrink is blocked, illusion of muscle
I k / extention occurs.
~ @ ®

REMATKETOILENHUS,

Doing while pinching nose, the nose
grows like Pinocchio.

X2 BEREFIEIC L 5 EESER
(a) fPERIEHE, (b) v/ *AHH
Fig.2 Illusory kinesthesia by tendon vibration

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

RE ED LY BZ@BZE1—IUAUETI—RD IR T L2007 BHRENRIMIC & 5 EEERAIH A2 27— 2 DBIR

REREIZXBNTT1yo8E Cutaneous Induced

Haptics: /\> 71— §F.~Hanger Reflex (\

o BIEEMEBICE>THNEMHE
o EHOEEELHR ‘

® Front temporal pressure induces “rotationa

1

force perception.
® Rotation itself is induced.

B
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RIEEBEIZLDNNEER

Illusory external force by pressure

TR REIEEEBICLARUR N IRREBORRELHE AR/A—F v LU T TAERHMIEE 2007,
Minamizawa, Haptic Interface for Middle Phalanx Using Dual Motors, EuroHaptics, 2006.

® FEDEBIZEY . KRN ALSLGVKRTHAZRELS

® Simple pressure sensation is perceived as external force.

TODAY’s TOPIC

1. Haptic Perception Mechanism (other than skin sensation)
a. Haptic lllusions
. Vision + Haptics
Il.  Cutaneous+Haptics
2. Classifying Haptic Interface

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

b. Ungrounded type
3. Application of Haptic Interface

a. VR
b. Telexistence & Communication
c. AR

How to reconstruct the world?

* Reconstruct Shape _
- &1BE “Encounter Type
— High Cost, but free hand
— True “Contact”=Natural Tactile Sensation

* Reconstruct Hand Shape -

- EET-EER )
Wear Type, or Grip Type

— Low Cost but must equip
— Most Commercial Haptic Interface

E2%! “Encounter Type(1)
Active Environment DispIayI(Tachi et_al., 1994)

il

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)

Encounter Type Il TELESAR Il master hand (2005)
¢ Space between finger and display is kept constant.
¢ When Virtual Object contacts, it is displayed.

Flexion g4

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

ABSVTATLRT LGS



http://reality.ei.tuat.ac.jp/
http://tachilab.org/modules/projects/aed.html

TELESAR Il master hand (thumb)

A8 T4TLRT LGS

How to reconstruct the world?

* Reconstruct Shape
- &% “Encounter Type
— High Cost, but free hand
— True “Contact”=Natural Tactile Sensation

* Reconstruct Hand Shape .
- EETEER |
Wear Type, or Grip Type
— Low Cost but must equip
— Most Commercial Haptic Interface

Wear Type: CyberGrasp/CyberForce

s ELIEME A A—T T4 X (Kawasaki et al.)

Five-Fingered Haptic Interface
[“ vrwrwganfoty

http://www.youtube.com/watch?v=XxIYY0xo4gk&feature=related

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

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

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

Wear Type(3) Electrical Stimulation

TR, I L RABKERER, 1561 7-20978

o ERBHOESRIBTERNTIRT

e BE, LIRS TOMELELD

e Antagonist Muscle is electricall stimulated.

¢ Light weight, but strong tactile sensation also.



http://www.youtube.com/watch?v=Td7QcAgCtWE&feature=fvw
http://www.youtube.com/watch?v=m-DS1U_INpQ
http://www.youtube.com/watch?v=XxlYY0xo4gk&feature=related
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o FHEEIBPICHYKREANGEZTEIEY
o FRH:EFRICHYENGEIETEIEY
e Extrinsic hand muscles: Large & coase finger motion
¢ Intrinsic hand muscles: Small & fine finger motion.

HRERI BRI

Functional Electrical Stimulation

video

o (ZUNEYT—avTRLLAS,

o B EAEDMHE (= REBGRIZ) (ST LHFRE,
®Mainly used in rehabilitation.

®Several problems remains for long-term stimulation.

Proprioceptive Interaction (CHI2015)

& Ik

A new way of eyes—free interaction for wearables based on the user’ s proprioceptive sense

(BE) BB/ —TF L Xk Power support by exoskeleton

. LER
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General Electric “Hardiman” (1965)

FUEKF B E HAL



https://www.youtube.com/watch?v=9XBoZyfB8hY
https://www.youtube.com/watch?v=KMxIfj7zhlw
http://sanlab.kz.tsukuba.ac.jp/r_hal.php
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Leonardis, Haptics Symposium, 2012

® JHIZ80HzDHEE)Z ¥ T HiALeLBIEIAN A > TEKE HALB (Goodwin 1972)
©® IRENAIRICIDHIEEERIEEL TWBEH Z BTV Burkel9761)

® AU AT —AEL TDHEES (5m2009, Rol12009, Leonardis2012)

® i )7 IR E) 1A% A HE= iR B IR E ik

EEBtyb7vT

o |l =HHMG DI D7 8 U
v 100Hz, 500us il kit /<L 2
v ETEAII R B S SR, R 10mA

v 10P R DRI T 372 %

Kajimoto: Illusion of Motion Induced by Tendon Electrical Stimulation. World Haptics 2013

SE 154k (FIR)
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How to reconstruct the world?

¢ Reconstruct Shape
- ;&% “Encounter Type
— High Cost, but free hand
— True “Contact”=Natural Tactile Sensation

¢ Reconstruct Hand Shape
- AR
Wear Type, or Grip Type
— Low Cost but must equip
— Most Commercial Haptic Interface

Grip type(1)
PHANToM (SensAble)

R 4 - R&d

OSLHBUNT TV TINM R, 6EBHEEYR—

OIE I AL TERFIN N ELERV T TRA4T

®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.




KRB BFEO/NSCTREGELN

Small but significant difference between wear type and grip type

o 55 “Weartype:
- BILITHR—F 2R E
Each finger must be supported
- HEMIVR/ Classical VR

o DR /Grip type:
- IRV IZOEHOFGEEICHLTAHR
REEBRY). BE~NONRRIZMEY
Force is presented to “Tool”, and
presentation to hand is indirect.

- REME/

Practical solution for many applications __

Grip type(1)PHANToM Omni

uaop

Grip type(1)PHANToM (SensAble)

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

e

dhUvOmMw&feature=related

Omega (force dimension)

http://www.youtube.cam/watch2V=Oh7ZsaN3h168

Falcon (Novint)

s BRNTTAVITINAR, F— LR TR
¢ Very cheap haptic device is sold for gaming use



http://www.youtube.com/watch?v=u9jdhUvOmMw&feature=related
http://www.youtube.com/watch?v=REA97hRX0WQ
http://www.youtube.com/watch?v=Oh7saN3hI68
http://www.youtube.com/watch?v=mW70elK9Yrs&feature=related

-

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

b Antonia Perez (2009) A NOVEL HAPTIC INTERFACE FOR EXTENDED
RANGE TELEPRESENCE: CONTROL AND EVALUATION

2 | I
http://www.youtube.com/watch?v=J3K VekC9_Magé&feature=related

HapticMaster (MOOG FCS)

http://www.youtube.com/watch?v=tgGECE1VS6l

Van der Linde R.Q., Lammertse P, Frederiksen E., Ruiter B(2002) The

o EERDORYMIZNIIRSANREYT1DEVRIEE+ Dt Y

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

anew high-perfor icinterface

BB LMY DLBH? Make it light, or make it rigid?

o INYIRSA/ E T4 / back-drivability
=HhBMEEESHEINEIH
Whether output shaft can be moved directly

o EEDEE/ Ordinary gear r
INYIRSANEYT1H. ELEZEAK
EVFERD (15012 )

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

o A —LFXT/Wormgear:
INVIRSANE Y T4
Not back-dribable.

INTTAVDAZTI—RITH NEEEERMDN D, /N IETA/3T

ILHESHTHIEA XA EHL>TLD,

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

back-drivability

BHEBMLoMYDLBH? Make it light, or make it rigid?

o NERLVIBE:
- JAYVERENE. RXT7LE.
- INYYIRSANEYTAH)

o TELVIZEE:
- EERORYMIE.
-EBX 7. A —H(FEHNELEL.
—N\URILRIHRD I HIZEE.

MEVIREDHIEHAE
How to control “light” haptic interface?

0 X
-3
c

%F mX = f —cx —kx

AVE—FURBDII2L— FE

o FEOMBELEE.

o GEBOEEICSLRAESS.

o FEMNBZHYRADECANSHET EMD, NETRTLAHBEED
HEFTEMNEIBE=/\vIFSANEYT(H

Impedance based method
* Measure grip position.
* Output force according to the position and velocity.

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

10


http://www.youtube.com/watch?v=cMi75SrDbsk&feature=related
http://www.youtube.com/watch?v=J3KVekC9_Mg&feature=related
http://www.youtube.com/watch?v=tgGEcE1VS6I

ML EEDHIE TG E

How to control “rigid” haptic interface?

C : >
"-'a - m¥=f —cx—kx

k

TRIVAVRBOYIaL—FiE

o BtEDONEEA

o ZOAITEDE, FENESENEGE, TOHEZLH 7.

o FRERICHEUYRBARLN, NIIRSANEYTARITE, EXAORYNEDOR
WEEZEFI AR

Admittance based method

* Measure operator’s force

TODAY’s TOPIC

1. Haptic Perception Mechanism (other than skin sensation)
a. Haptic lllusions
. Vision + Haptics
Il.  Cutaneous+Haptics
2. Classifying Haptic Interface

a. Grounded type
I.  Encounter type
Il.  Wearing type
1ll.  Holding type (pen & tools)

b. Ungrounded type
3. Application of Haptic Interface

¢ Calculate world’s behavior according to the force, and change position of the grip. a. WR
o Force sensor is necessary, but back-drivability is not. Rigid robot can be used such b. Telexistence & Communication
as industrial robot. c. AR

DX AONRDFIF/ Using gyro effect

GyroCube: [B#533& E Z 1k / Rotation speed is changed
GyroCube

¥, $83F, "GyroCube# FL \f=HapticCompass D2 F" AT URT ) L, 2002
fhEfh, HEHEECEMALLARRRT/NMR, BARNA—FvIILIT)T12HXE
6-2, pp.115-120, 2001

12N E—4% [Ex

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

Virtual Chanbara(2001) [Bl#5RE DB 7L > FE
Sudden @ange@f rotation speed#duces impulse

@ o

-

o I\ —F RTINS
ARIEL

| Daijiro Koga et al., Virtual Chanbara, Siggraph2002

htt://vvww.sirah.or/sZOOZ/conference/etecﬁ/vi rtual.html



http://intron.kz.tsukuba.ac.jp/gyro/gyro_j.html
http://staff.aist.go.jp/n-nakamura/HapticNavi/movie.html
http://www.siggraph.org/s2002/conference/etech/virtual.html

{R I3 E O F| F.~ Using Asymmetric Acceleration
Buru-Navi (Amemiya et al.)

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

GyroCube Sensuous: {RINEE D F| A
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

[E1%R

A B SARRRICARE - F O AR 5 AN —RBEMAR A 2T —ADAEE

%, CEDEC2010

Buru-Navi Application(Amemiya et al.)

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

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

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

/\‘/ﬁ—}iﬁﬂkwﬁjwwﬂﬁd)ﬁlﬂﬁ/\d)iﬁﬁﬂ CRiTd, 120

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

Skin Drag Displays: Dragging a Physical Tactor across
the User’s Skin Produces a Stronger (CHI2015)

12


http://www.youtube.com/watch?v=Yj_WnNWV8F4
http://www.youtube.com/watch?v=xoxbADarD4k
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
http://www.youtube.com/watch?v=xoxbADarD4k
https://www.youtube.com/watch?v=H-megrNfqDo

TODAY’s TOPIC

1. Haptic Perception Mechanism (other than skin sensation)
a. Haptic lllusions
. Vision + Haptics
Il.  Cutaneous+Haptics
2. Classifying Haptic Interface

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

b. Ungrounded type
3. Application of Haptic Interface

What to display?

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

¢ Real World Information
— Telexistence, Remote Communication|
— Surgical Training

TELESAR (Tachi etal., 1989)
r -

ittp://tachilab.org/modules/pr §ecis/tclesar.ntml

L

a. VR — Haptics AR
b. Telexistence & Communication
c. AR

TELESAR Il

Remote mutual communication
Robotic User Interface (RobotPHONE)

Dairoku Sekiguchi, Masahiko Inami, Naoki Kawakami and Susumu Tachi: The Design of Internet-Based
RobotPHONE, ICAT2004 A BSHTATLRT ISR

ERIGH: FiitL—=27
Medical Application: Surgical Training

B ARIZIZFEIR Intravenous line insersion
- :

o BREEMRETILCTN—=UY, MEDIs
—F\yoFESIAL—FICEERZ D,

¢ Ordinally, training is done by real-size model.
Haptic simulator will replace it.

13


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

EJIGA: FiitL—=2T
Medical Application: Surgical Training
MEREEFMT Laparoscopic Surgery

o BERELAMEBICESTIIEEERGLENFEAVE

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

)
MRFEF TS I2L—4  Laparoscopic Surgery Simulator

a7k hEFEFET.Robotic Tele-Surgery: da Vinci

da Vinchi: @b HRE AT L, DR
Rl AD AN SIREZBR<ED Y
R—kEHY,

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

B E &8 / Medical Application: Summary

o REERODEERN ——2J TIIEREZZLH BAELER,

o NL—ZVTRBDYIAL—ET NTTAVIA4E3T—ANMN
EFERIZERLTLS,

o ERIINTTA4VIA48T—R+CCTHEDBEE. 3DTYA
DENERAEHLEDIEELENHD,
- DT ATHEERDIETYZIVEGME, LIRS

o EEOMRTHONTT19712&B Y R—FIRER,

¢ Conventional mecical training used mockups, which is still
prevailing way.
e Haptic interface is glowingin the field of medical training

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

e Haptic support during true surgery is still limited.

Haptic AR(1): BREEH(ICE-> TN\ YERES
Touching the non-touchable by sensory conversion

IR Kb, B0 KR iR B2, 8 B ARRTEAALZEHMRRBERIEATLORE, A
ANA—Fw)LUTY TR EE, Vol.7, No.2, pp.193-200 (2002.5)

Haptic AR(2): I HEFIHIICKY ZOENSERIMIZER D

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
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Haptic AR(3): KIT~DI:H

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

EHYIZ Summary

o NTTFUvIAUBTI—RIFIREBEBEIREE, N—F
DIFELTIEARNSRRAIZITNDDH S,

s BIZAERELIZSBE. EEIOBHEOANFO
FIOBBRIYE, COHERTIERERENER,

e Numerous haptic interface is now commercially available.

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

INT AR Mini Test REIFIAET

LT DL TIZ100F LUANTEE TR ZEH &~ Answer all questions within 50 words

1. ERHEEOR ROV TERBAYE & Explain merit of antagnistic muscle
structure.

. B#HEEDRENC DL TERBAYE & Explain role of muscle spindle

. JILDBEIRE ORENIZDOULNTERBAE & Explain role of Goldi tendon organ.
. YAX—ESEEIC DUV TEHRBAE & Explain size-weight illusion.

. 2a—RNTF4HRIZDWTERBAE & Explain pseudo-haptics illusion

. ZIR—IURA1)2—23 22 DULVTERBAE & Explain rubber-hand illusion
. KIERIFEIZDULNTERBAE & Explain phantom pain.

. NUH—REFHZDWTELBAE & Explain hanger reflex

. BBENTTA4YITINA RIZDULVTELBAE & Explain encounter type haptic
device.

© 0N OV~ WN

10. BB RNTT 49T 134 RIZDUVTERBAHE & Explain wear type haptic device.

1LEBRREBBERDONT T4 T IAZDENZDNTEHRBAHE & Explain
difference between wear type and grip type haptic device.
12. NI RS54 NE) T 42DV TERBAYE & Explain back-drivability
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