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12/16 &3 Lecture./ R M IGER
12/23 (holiday)

01/06 iEZ Lecture

01/13 i Lecture

01/20 %3k Presentation

01/27 %3k Presentation

02/03 #H 3k Presentation

02/10 %3k Presentation




Outline of the lecture

AREHBIF % Measuring Human
#RE . Human Vision System
BHBEEL Y ~Visual Sensing

BE T+ AT LA Visual Display

R, R A2 27xT—X Auditory Interface
i A2 T —R Tactile Interface
HE. HEA2RTT—R ~Haptic Interface
BEIKXTE A2 TT—R Locomotion Interface

O N o Uk wWwN Rk

TODAY’s TOPIC

1. Haptic Perception Mechanism (other than skin sensation)

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

2. Classifying Haptic Interface

a. Grounded type
I Encounter type
Il.  Wearing type
lll.  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

e Muscle Spindle
— Inside Muscle

— React to Muscle Length Change
=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

_ H [ b ansd Niuxh Sopeale  Noow ¢ Y
=Position proncr a—aH ity ey R et el v~ om0




B (RERRICEHEAMDEL DO—B

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

1. Vision + Haptics
2. Cutaneous (ZE%®) + Haptics

RBEICEDINTTaIHE 1) YA X-BESHE
Vision Induced Haptics(1): Size-Weight lllusion

BILEETHNIE. MEWVEDEKLYEREL D,
If two objects are the same weight, smaller one felt hevier.

iPad*¥°MacBookAirZ [ ESMZE KL SHER ?




REICEDNTT1vIHE (2): 22—k NTT4OR
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.irisa.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

BREIZKBNTT1I8E (3):
Rubber Hand Illlusion

B TOENEEOFICMENAREES X . BT AOEE
EWLHHES RS, LIToTBETLOFHEBOF THEESI
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)

bber Hand Illusion



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

Rubber Hand lllusion M 3k 3E

BifAXE nSEEMEE
[ EBSEREE RV AT LA
@DCExp02010

http://www.youtube.com/watch?v=aixTx0O5qC
pE&feature=player embedded

A)2—2av A ELTWAKRETRENGRIELZTEENTE MBEEZAONT
WEWNMZEMDI DL TEDY I ELEZREFELS,

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

BREICKDBNT T8 E (4):
IS—RyIRICKBLBENOEM T "

Reduction of phantom pain by mirror box

IR FREK-1-1RIZ. YIBTERGLI X R RE%A:
LWDIZHLWVEAZERLSER,
VDEDDRER: Ko T=-F RDKAEZ R T«
TYT)AIEVN AKRIZIEBLGAD ICETRAT
BAHVT FTILNRE, BBELEICRERLV:
OIZFEHEELETS,

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.



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

TRV RESE—
Mirror box therapy

AA—DEFBET MATEWVITOFE
BMNT IENTES, CNICKYLIRREEEIM
2R TES,

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

(BZ)RRICLDEAHDIERE

Visually small reduces pain

INCREDIBLE SHRINKING PAIN £y

Last month, researchers at Oxford " ?J q{
University announced the +*

discovery of a powerful new xo, ¥ g
painkiller:inverted bnoculars, The m’l X 'y
scientists found that subjects who

looked at 2 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. So
next time you stub your toe or cut
afinger, do yourself a favor: look
away,

RESE-MRFEFE-THEADEBIEHEET HERANFD,

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

RERE(CLD/N\TT1yU8E Cutaneous Induced Haptics :
E /¥ 7 $&%E-1.Pinocchio lllusion-1

' THE PINOCCHIO ILLUSION
-
Blindfold This requiires two chawrs and a blindfold,

The person wearing the blindfold should
U sit in the rear chair, staring at the back of
Il the person sitting in froat. The
o g blindfolded person 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
nose, and begin gently stroking both
noses. After about a minute, more than
t . 50 percent of
| subjects report
! that their nose
feels ncredibly
long.

BADRDADEREETOD. BRNDELETHE N REBETEIEEDOAN
BHDEaNEUT=&SI1ZEEL S, Rubber Hand lllusion DR EELEREL TEAE R RE

RIEREREIZKB/N\TT1yH8EHE Cutaneous Induced Haptics:
HESEE LE /X452 Extention lllusion & Pinocchio Illusion-2

L MREEE A
e RS 5 ISR R RIAE 5
o5 / N RBE. REICEoTIET B,

J A SWNEEHET L. HRANMBEUT
’\~\/ /ﬁ/"\ RSSYAY - )

Extention lllusion: Strong vibration to

\% muscle induces shrink reflex. If this

ERFN ‘." \ shrlnk is blocked, illusion of muscle

extention occurs.
~

~ (a) (b)

SERWMATZRETOLEENEBUD,
X2 BRIEEEN - L A MEEEN Doing while pinching nose, the nose
(a) CHRBREE, (b) ¥ /% A484 grows like Pinocchio.

Fig.2 lllusory Kincsthesta by tendon vibration

a) Anextension illusion, (b) Pinocchio illusion

RKHE FEth EA B8 B2 —I AU ETT—RI VR L2007 BIRE RIS LD EBHEERH A 2TT—ADEF




RIEBREIZ&KDNTT1yo8E Cutaneous Induced

Haptics: 7\ — & §F.~ Hanger Reflex (\

o HIEEEREEICK>THHEHE
® SHEDEEELEEFH

® Front temporal pressure induces “rotational” force perception.
® Rotation itself is induced.

10



RETXBIZLEE5 HEEE

lllusory external force by pressure

FEZE, B B EEBICK DB UR DR REEDRELAME BERNA—F v ILY T T4 ERMHIE,2007.
Minamizawa, Haptic Interface for Middle Phalanx Using Dual Motors, EuroHaptics, 2006.

® REDEBIZKY ., KEREHNANGKRTHDERELS

® Simple pressure sensation is perceived as external force.

TODAY’s TOPIC

1. Haptic Perception Mechanism (other than skin sensation)

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

2. Classifying Haptic Interface
a. Grounded type

l. Encounter type
Il.  Wearing type
lIl.  Holding type (pen & tools)

b. Ungrounded type
3. Application of Haptic Interface

a. VR
b. Telexistence & Communication
c. AR

11


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

How to reconstruct the world?

‘ ,/A' 3 3\1r = ,’, " 4
* Reconstruct Shape & < 4
— &1&% “Encounter Type \\-ff.?;) P \L"-«\{B \'\\l’l‘_b
— High Cost, but free hand ‘1 i
— True “Contact”=Natural Tactile Sensation
e Reconstruct Hand Shape =
pe g
- R R p =
Wear Type, or Grip Type i'
— Low Cost but must equip N
N
— Most Commercial Haptic Interface ;—ﬁ—|

EBE! Encounter Type(1)
Active Environment Display (Tachi etal., 1994)

T

i \ .
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)

T

5 illléb.or7modules/o'ects/aed.html .\

12


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

Encounter Type |l TELESAR Il master hand (2005)
* Space between finger and display is kept constant.
. V\_/h_en V

irtual Object contacts, it is displayed.
Flexion JAENER

-

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

TELESAR Il m

aster hnd

AUESUTAITLRT LR

13



TELESAR Il master hand (thumb)

ARSI TATIRT LSS

How to reconstruct the world?

! '»“\\» _,//'.'S\(»: ' ’//
 Reconstruct Shape 9\/ < /,\
N V]
- E1BE! “Encounter Type \}_6. \\‘o ¥
— High Cost, but free hand I |
— True “Contact”=Natural Tactile Sensation
e Reconstruct Hand Shape s
- SRR pon
Wear Type, or Grip Type ';:'/
A\

— Low Cost but must equip
— Most Commercial Haptic Interface

14



http://www.youtube.com/watch?v=Td7QcAqCtWE&feature=fvw

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

15


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

*RELIEME A 2—T 4 X (Kawasaki et al.)

Five-Fingered Haptic Interface

wwrwganfoke

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

Wear Type(3) Electrical Stimulation

TS, NIE: RABABERE, M T7-20078

o EHHDBEXRHTENNERT
o BE, ELRIBUISFI TOMRELELSD

¢ Antagonist Muscle is electricall stimulated.

¢ Light weight, but strong tactile sensation also.

16


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

IVRC1993

(B%&)IEZEH I . Muscles for fingers

i Fat i / \
TS REEE  Wlspsuss gl
EMpisi ,\i' BHER )\\7. Eﬁh»hsﬁ' s l Rk
UL | Rl I S el L
o ) ors
ST ¥ it '
PARRAS “EELY 4R i
gt el R 1
VL {H‘.‘ v '

FHE AR ICHYKRENGEIEEIEY
FREG - ERICHYMINGEIEEESY

Extrinsic hand muscles: Large & coase finger motion

Intrinsic hand muscles: Small & fine finger motion.
F},l(' FH R

http://mwww. kayatsuri.co.uk/guitar/mechanic/mechanicé’:‘

()
ntm

17



HEAERIE TR

Functional Electrical Stimulation

video

oX(ZYNEYT—arTRWLGND,

o H'E A E DB (= REAMGRIZD) ICIX G HERE.
®Mainly used in rehabilitation.

®Several problems remains for long-term stimulation.

(BE) N BB/ —F L Xk Power support by exoskeleton
LA 1
II ‘ T

22RO PC
(RS - WD)

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

General Electric “Hardiman” (1965)

FURKZFILBHIRE HAL

18


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

How to reconstruct the world?
e Reconstruct Shape (%‘;:_ﬁ_,_f/ e 4
- 1Z1&%! “Encounter Type \"z‘fﬁ?{-) ey ) 3...'_;0
— High Cost, but free hand . |
— True “Contact”=Natural Tactile Sensation
e Reconstruct Hand Shape S
- EER-EER A
Wear Type, or Grip Type c;//
— Low Cost but must equip \\\\\
— Most Commercial Haptic Interface rﬁ—|

Grip type(1)PHANToM (SensAble)

OSLFEELNTT4VITINAR, 6BHELZ Y R—t
OIE Y IR TERFEINI A ZLIRL T )T 24T
®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.

19



EREMALFHR O/PSSTRETEND

Small but significant difference between wear type and grip type

o HEER “Wear type:
- {BILITYR—I T BRE
Each finger must be supported

— HHLAIVR/ Classical VR

o {EHEFEY Grip type:
- IRV IFDEHOFCEECHLTHIR
TOCEEBRRY). E~OHRRIMEEN
Force is presented to “Tool”, and
presentation to hand is indirect.

- IRERAE/
Practical solution for many applications
é}'\l 3
) o
N

e~

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

20


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

Grip type(1)PHANTOM Omni g
wxs i

&
-
-

Cheaper version w
) ]

(o ,, N
v ‘fr/. B

P iR/ W, yOutu e

.

ith 3DOF ©

Omega (force dimension)

http://www.youtube.com/watch2v=0Oh¥s

aN3h168

A

21


http://www.youtube.com/watch?v=REA97hRX0WQ
http://www.youtube.com/watch?v=Oh7saN3hI68

Falcon (Novint)

http://www.youtube.com/watch?v=mW?70elK9Yrs&feature=related

o WENTTAVITINAR, T—LRAERTIRGE
e Very cheap haptic device is sold for gaming use

SPIDAR-G

22


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

- |

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

=

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

http://Www. outube.com/watc'h?v=J3I'<\/éI‘<'C9' M:.&feature:related

23


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

HapticMaster (MOOG FCS)

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

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

o EERORYMIGNYIRSANE)TADLEVREIEE+ Dt Y

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

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

o INYIRZA/EY)T 4 [ back-drivability
=HAOMZERERSINELINEID
Whether output shaft can be moved directly

o EEDHEE/ Ordinary gear
INVIRSANE)T4H. T_T_L,—"F7J:I:7§\k
EVNFE R (1:5052E)
Back-drivable, but reduced if gear ratio is
higher.

o YA —LXT/Worm gear: § K 4
INVIRSANE) T8

Not back-dribable. /

INTTA9IABT—RISHE WEHEEEMBENDS ., /1N IRTA/NT
ILINESHTHIEA XA ZEH-TLS,

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

.....

24


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

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

o [BRLVKE:
¥ -JAVERHE. BEXTL.
— INYVIRSAINE)T4H)

o TEILNIEEE:
- BEEXRORYNIE.
- BX 7. A—FIEEINELL.
- N\RILEIRD T2 E.

ML IR E DT

How to control “light” haptic interface?

_ ' 3

c S

[% ol mX=f —cx—kx

AVE—FVRBDYIaL— FE
o FROULEEEA
o GELEECHLIAEH S,

o FEMNBICOHYALECHNOFIBTHMD, NETARTLAFEEED
NEFTENEDRE=/1\VIRSANE)T4H

Impedance based method
e Measure grip position.
e OQutput 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.

25



ME I=E DT

How to control “rigid” haptic interface?

l:% ol mX=f —cx—kx

TEIVAVAB DY ZaL—bFE

o {RHtEDNZEETA

o TOAHIZEDE, FENESBIHE, TONEZHN.

o FRICHEUHRAREDN, NIIRFANEVTAIFE, EXAORYNEDE
WEEZF AR

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
Il.  Cutaneous+Haptics

2. Classifying Haptic Interface

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

b. Ungrounded type
3. Application of Haptic Interface

a. VR
b. Telexistence & Communication
c. AR

26



D AONEDF A/ Using gyro effect

v AOMREDF A EiXEEE>ClERE L B
L_Jsing gyro effect: Rotation axis is turned
N S )

HI Hz xHiER. BB 3Kk Cry/O0E—AVMEAVEAEEREE. HAVR
FEEHRIEEV0L.7 No.3(2002)

htt ;//intron.kz.tsukuba.ac.' ro/gyro j.html

e WES s

27


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

GyroCube : [A]&53& E 25 {k/ Rotation speed is changed
GyroCube

th#t, 83, "GyroCubeZ B f-HapticCompassDIRE", BE AT URT ™Y L, 2003

1DDE—4A [[Ex

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

Virtual Chanbara(2001) [BlERRE D S E b > EFZE
Sudden ghange@f rotation speed#duces impulse

o N—FRAFRINT
ARIEL

4 Daijiro Koga et al., Virtual Chanbara, Siggrapr]2002
' /s2002/conference/etech/virtual 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
http://www.siggraph.org/s2002/conference/etech/virtual.html

{RIN3ERE D F| .~ Using Asymmetric Acceleration
Buru-Navi (Amemiya et al.)

http://www.youtube.com/watch?v=Yj WnNWV8F4

Buru-Navi Application(Amemiya et al.)

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

29


http://www.youtube.com/watch?v=Yj_WnNWV8F4
http://www.youtube.com/watch?v=xoxbADarD4k

GyroCube Sensuous : i@ 103 & 0 F| F
GyroCubeSensuous

-
=
g

http://www.aist.qo.jp/aist_j/press_release/pr2005/pr20050411/pr20050411.html
i r20100825.html

A B SLAARICARR - F T2 2 52 D ERN—R BRI N E A 2T —RD A HE
1%, CEDEC2010

E’Fﬁﬂ"]tﬁ I‘)lxaa):]%ﬁ? FlexTorque (Tsetserukou et al. 2009)
Local torque presentation

Motor Holder
-

_“i__‘
DC Motor —— 5o
' N

Belt . — "

FlexTorque

Belt Vixator

sigheLan®

Innovative Haptic Interface for

Realistic Physical Interaction in
Virtnal Raalitu

D. Tsetserukou et al: Exolnterfaces: novel exosceleton haptic interfaces for virtual

30


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=wTZs_iuKG1A&feature=related

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

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

TODAY’s TOPIC

1. Haptic Perception Mechanism (other than skin sensation)

a. Haptic lllusions
I.  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

a. VR
b. Telexistence & Communication
c. AR

31


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

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

TELESAR (Tachietal., 1989)

32


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

TELESAR I

Remote mutual communication
Robotic User Interface (RobotPHONE)

RobotPHONE

Second prototype

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

33



E&EISH: FiihL—=25

Medical Application: Surgical Training

R IR TEMR Intravenous line insersion
B —

s BREEEMRETILTINL—ZUY fET
—FN\YIFELZAL—FITEETH]RZ B,

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

E&EIGA: FfirL—=2T
Medical Application: Surgical Training
REREEFMT Laparoscopic Surgery

o ERELEAMAICEOTITEBRLR B ENFEALE

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

34



RBPEEFM IaL—4 Laparoscopic su

ARy ERRFT.Robotic Tele-Surgery: da Vinci

da Vinchi: L ARG AT L, ADIR
TREL. ADANDLIRBIZBRFDY
ﬁ_F'i&U o

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

35



EEIGH: £E8 / Medical Application: Summary

e WMEDEERIN —=—2JTIIEREZZAH, WELER,

o NL—ZVJREDIIAL—ET . NTTAaVIA43T—RAN
BEEICERLTWNS,

o BRITNTTAYIAUBTT—A+CCTHSEEE. 3DTUA
DHNEHRABEHLEIEEELH S,
- DTV ATHEEFEDILTYTIILVEME, -ZLaRME

o EEOMFTONTT4VIIZED Y R—MIREN,

e Conventional mecical training used mockups, which is still
prevailing way.
e Haptic interface is glowing in 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): BREZH#IZ K> TN ZL\MERLS

Touching the non-touchable by sensory conversion

BB B, B0 K& R 2, 8B A ERRENAL-EREEREREXBEVRTLORE B
ARN—F L) 7T RHMIEE, Vol.7, No.2, pp.193-200 (2002.5)

36



Haptic AR(2): A S EHIEIZKYESNIZFEIMICEZ 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

EHYIZ Summary

o NTTA4YIARATT—RITBAEBEEELIREE, /\—F
DITFELTIEAENSERIZO TN DDH S,

e FHICIWAZBREL-EE. [EEIOBBHEOAMNFD
RIOBERIYE, CO-HEGTIHBEHRATER,

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.
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INT A/ Mini Test R[EIFAIRET

LI DETIZ100F LINEE THZ &~ Answer all questions within 50 words

1. ERBHBEDOH EIZ DLV TERBAE & Explain merit of antagnistic muscle
structure.

BRHHEE DR ENZDUVTERBAE & Explain role of muscle spindle

TJIILCRBE DRI DL TERBE & Explain role of Goldi tendon organ.

HA X —FESEEEIZ DU TEEAE &K Explain size-weight illusion.

L a—KRNTTF4HORIZDWNTERBAHE & Explain pseudo-haptics illusion

SIN—IN\VRA1) 2—23 12 DUV VTERBAE & Explain rubber-hand illusion

LIRFEIZDULVTERBAE & Explain phantom pain.

NOA—REHZIDUWTERBAE & Explain hanger reflex

EBBENT T4 T INARIZDNTERBAHE & Explain encounter type haptic

device.

10. BFBNT T4 DT N4 RIZDLVTERBAE & Explain wear type haptic device.

1LEBREBBREONTT49IT MM ZADEWZDWTEBE & Explain
difference between wear type and grip type haptic device.

12. 7399 RS54 1\EY T 412D TERBAE &K Explain back-drivability

W PN e WwN

[EE] ®mXHEMNDONT

1/20 1/27 2/3
| zm  wxES W s | wxEs W Ew | BXES
R 54 At 29 H 7
1TF:N 51 thE 22 =ik 17
AKX 56 N 49 1k 12
B 25 = 6 R 57
[HH]=z| S K3 44 ®ik 28
RREE 21 B 34 EEVN RIE
EIR 45 bEZ 46

® ZHINZLMEE [FREZERLIZSUY,
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[(EZ] #XHETITONT
® RRIGM 55, HELE 45, A% 19

vV RREHEEST. BKALEZILAENWESIS(CHOEIZEY HFE
BIERMELET), i
B EAOE I3 ﬁ?ﬁ‘ﬁEIL\O)b\’\h\ZoJﬁI:EE?':tl:%EF‘
L’C(T—‘c‘%\ HRAEDHRALTZ. BEd HSweb DI T
Y (L—E—F)FFEL KA EEmHtt R LEzT

/ %i@&ﬁﬁli&fﬁbf“é%iéﬁf TLWET,

v BHD/— hféﬁbm\iﬁAliUSBx%'Jﬂ#*brd—éu.

*J%ZIKOD/ F’éﬁ')iﬁA pptdD/A—23 2 [F2010TT
v pptERL DR IE Li— @')/7UJ#L(~,I:‘LTT$L\

EfEE10) | BEH(10) | KR(10) | BEHI0) | ENK@0) | AFH(50)
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