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[Final Report]
As there are too many participation in this class,

7/5,7/19 are changed to my lectures.

Choose one “Full-paper” from conferences below, and prepare less-than-5 minutes
presentation. Take a movie and upload it to Youtube, and submit the link
(submission is done by ordinary report page)

Most recent CHI.”UIST.IEEE-VR.” 3DUI.”Siggraph.” Siggraph Asia.””World Haptics
/" Haptics Symposium.” EuroHaptics

Deadline: 2019/7/26

As the contents contains copyright materials, set the option “viewable only by who
knows the link”. Check with your friends if the link is active.

Conversion from pptx to video: Use “narration mode” and “auto play mode”. Then
File — Export — Movie. You can also take movie by videocam.



Outline of the lecture
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TODAY’s TOPIC

1. HaptIC PerceptiOn Mechanism (other than skin sensation)

a. Haptic lllusions
l.  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
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*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)” 1s
independently presented.

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



Receptors around Muscle and Joint
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Haptic lllusions (part of. other than purely cutaneous illusion)

1. Vision + Haptics
2. Cutaneous (FRJERHE) + Haptics
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Vision Induced Haptics(1): Size-Weight Illusion

FICEETHNIK, NEWLBDZTLYECRELS,

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

iPadX°MacBookAirF B MZIEIRLAER ?
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excess power exhausted early

Original Image

Reducing Brightness ‘ Enhancing Brightness

appropriate power less tired

Ban et al.: Augmented Endurance: Controlling Fatigue
while Handling Objects by Affecting Weight Perception
using Augmented Reality, CHI2013.
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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 19PxKOS8




BARIZKDBNTTa4YIEE (3):
Rubber Hand lllusion

RATWVEWEROFIZMENLGRIFEZEZ . RFIZTILDFICH
%E@@ﬂilﬁ%&’&%iéo LIESKT BETLDOFNETDFTHALIC
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




Rubber Hand lllusionD 55k

BfAXE FAESEEHEE
[ EEERER AT A
@DCExpo02010

http://www.youtube.com/watch?v=aixTx0Q5gC

pE&feature=player embedded

A)1—230 N ELTODRETREMGRIBZITZENT L. MEEZ5ZIONT
WEWNZEMD DO TEDIYIELIEREFE LS,
While Rubber Hand lllusion is induced, Only visual stimulus is moved.

Then we feel vague tactile sensation.
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Reduction of phantom pain by mirror box

R FRER-1=-RIZ. YIS X REE
LDITHLLVEAZTRELLHIRR,
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IV )HIED . ARIZTEBLGAD JICETIRNAT
AT TILHEREE, BRELEICRELRLV-
OIfmHEE LTS,

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.




S5—IRYIRESE—
Mirror box therapy

AA—VZEBHET,. WATEWNITDOF%E
FIMNT IENTES, CNICKYLIBREEEIR
[ZIEB TE5,

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

INCREDIBLE SHRINKING PAIN & y Ty
Last month, researchers at Oxford [1 1 ‘{' ]
University announced the <

discovery of a powerful new £q, ¥

painkiller: imerted bmoculars, The # 'i:mh
scientists found that subjects who "

looked at a wounded hand ;
through the wrong end of
binoculars, making the hand
appear smaller, felt significantly
lzss 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. S0
next time you stub your toe or cul
afinger, do yourself a favor: look
aWaY,

I\
REES - WERIBZE > TEHDBBERET HLBANED,

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



RERBIZEKE/\TT1y74885E Cutaneous Induced Haptics:
E /XA ®-1.Pinocchio lllusion-1

THE PINOCCHIO ILLUSION

This requiras two chairs and a blindfaold,
The person wearing the blindfold should
sit in the rear chair, staring at the back of
the person sitting in front. The
blirdfoldad 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
rase, and begin gently stroking both
rases. After about a minute, more than
20 percent of
subgects report
that their nose
feels incredibly
long.

BRDADADREETOD. BN DELETELE 1DEET #/\#&f@)&tﬁ
B DENBUT-ESIZEL S, Rubber Hand IllusionDHEE LR EL THEEZE O] RE



RERBIZEKE/\TT1y74885E Cutaneous Induced Haptics:
HMEFEELE /XA E-2Extention lllusion & Pinocchio lllusion-2

_ A~ BRISES
=3 o)\ BRI HAICRVERRNES
PNy % Bk RATI= ko TINET 5.

>INEEHEIT SE. HRANMBEUT=
FOFEER

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

35 ) 0 A shrink is blocked, illusion of muscle
extention occurs.
~ (a)
EFFHATZIKRETOLLEENHUS,
X 2 PEEEHC L AERgEE Doing while pinching nose, the nose
(a) (HELEE (b)) v/ %448 grows like Pinocchio.

Fig.2 Ilusory kinesthesia by tendon vibration

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

KA ZFh EE B B 2ba—I A0 3T7—AD R D L2007 BIRBIFIBICKSEEFEERIHA 27— ADERHE



EERE(ZXLB/\NTT1vI7FE Cutaneous Induced

/‘\

Haptics: /\>yH— &t~ Hanger Reflex

o IEER[EBICK>THAZHE
® SEEDEIEZTLFHFE

® Front temporal pressure induces “rotationa

force perception.

II)

® Rotation itself is induced.
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JI\N>TT—~N Y Hanger Machine
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Illusory external force by pressure

.¢l.tuat.ac.]p/

FEZE. BRE R EBICIA R LR DIRTEEDRELHE, BRNA—FvILI T T4FRHIES,2007.
Minamizawa, Haptic Interface for Middle Phalanx Using Dual Motors, EuroHaptics, 2006.

® REDEEIZEY REFNNDNGELKIRTHAZRELSD

® Simple pressure sensation is perceived as external force.



Steven C. Hauser, Gregory J. Gerling
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Jeremy D. Brown et al.

ATEIED I ~DED D SBHE T F £ D EE 15 % At BioTac TS,
TTDYAENDIEMEBED T —4%BioTacTHY, FOB T /\A RIZXL AT IR REFZBioTack
FEoTENRTEIRD. CcD2DDF—EDTIF L 2k TR ED B A% 8



TODAY’s TOPIC

1. HaptIC PerceptiOn Mechanism (other than skin sensation)

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

2. Classifying Haptic Interface
a. Grounded type

l. Encounter type
lI.  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
— B &3 “Encounter Type
— High Cost, but free hand
— True “Contact”=Natural Tactile Sensation

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



182 Encounter Type(1)
Active Environment Display (Tachi et al., 1994)

N, T

-,

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)

! iléb.or7modules/ brojects/aed.html & -,;_



Encounter Type Il TELESAR Il master hand (2005)

e Space between finger and display is kept constant.

* When Virtual Object contacts, it is displayed.

gFlexion p—"

e —

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



TELESAR Il master hand

AR TATLRT L



AR TATLRT L



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

~ Haptic Retargeting |
Dynamic Repurposing of Passive Haptics
for Enhanced Virtual Reality Experiences

Mahdi Azmandian, Mark Hancock
Hrvoje Benko, Eyal Ofek, Andy Wilson
Microsoft Research

SIGCHI 2016

HMDIZ&KAREFEIZL ST, HEDYAERZTELGLHIGFTHMO-TLVSLIITRERLIE S.




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 ; -~ R
Daniel Wigdor

dgp’ & roRoNTo

WRZEROYAZVRZEROMPRELTHOE DI ETHMRZIRTETD2



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

Physical Environment !  Virtual Environment

2
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S EVRIRE THLIZHML A2 DEEEH(T5H. VREIZEZDOA 22N RTINS, VRAD
Virtual Human & Z DA X DZFIZHMIZIE TS HD THFRECOLE). T5LG5RK, ZTH]
;ﬁr&:f&th\gﬁnﬂéhé



(CHI2018) Haptic Revolver: Touch, Shear, Texture, and Shape Rendering on a Reconfigurable
Virtual Reality Controller

Eric Whitmire, Hrvoje Benko, Christian Holz, Eyal Ofek, Mike Sinclair

Haptic Revolver

Touch, Shear, Texture, and Shape Rendering
on a Reconfigurable VR Controller

Eric Whitmire', Hrvoje Benko’, Christian Holz’,
Eyal Ofek’, Mike Sinclair’

'Paul G. Allen School, University of Washington
’Microsoft Research, Redmond

o EBREMTIR

A
e



How to reconstruct the world?

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

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



Wear Type: CyberGrasp/CyberForce

"

ITHLYY

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




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

uge?:cc')mf\')vatal?v=m—D \

L~H I:/mww. ot

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



Xt M E L AR A 22— 14 X (Kawasaki et al.)
Five-Fingered Haptic Interface
H' v ggifo by
I | |

http://www.youtube.com/watch?v=Xx1Y'Y0xo4gk&feature=related




(CHI2018) DextrES: Wearable Haptic Feedback for Grasping in VR via a Thin Form-Factor
Electrostatic Brake
Ronan Hinchet, Velko Vechev, Herbert Shea, Otmar Hilliges

Dextr ES

',"."‘ . N 3 1 ] =~ g 'Vv\—\' 1 w p r - g - P . \ .\)
YWWealdDle :".g_:I[)T_;(_ e 'f_i[)g:( K t(_}.’ (]fq_:‘,);)w-' ‘E‘ 18 ‘./.'\

. \ - x [ \ . ~ ¥ ~¢ - |
vigd @ | NIN FOrmM-ractor clectrostatic brake

¢ BERNLDZIL—FTHEERIA—T




Wear Type(3) Electrical Stimulation

Antagonist
muscle

R, ) E: (REAREE, FF7-20978

o BEHMAHDERRNBTEMNZIRT
o &, -ZLRIEIGEMTOMELELSD
e Antagonist Muscle is electricall stimulated.

e Light weight, but strong tactile sensation also.
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o FHFHIBPICHYRENGZEISEED
o FAM: EPRICHYMNZEISEEDY

e Extrinsic hand muscles: Large & coase finger motion

e |ntrinsic hand muscles: Small & fine finger motion.

http://www.kayatsuri.co.uk/guitar/mechanic/mechanic’y.him



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




EERIE RIS

Functional Electrical Stimulation

video

o (ZYNEYT—arTHLWBGLAS,

® HEAF DB (= REARGRIED (CIEX75EFRE,
®Mainly used in rehabilitation.

® Scveral problems remains for long-term stimulation.




Proprioceptive Interaction (CHI2015)

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



(CHI2018)Adding Force Feedback to Mixed Reality Experiences and Games using Electrical
Muscle Stimulation
Pedro Lopes, Sijing You, Alexandra lon, Patrick Baudisch

S

addlng force feedback to mixed reality
usmg electrical muscle stimulation

e —
g <¥ pedro lopes, sijing you, alexandra ion and patrick baudisch

Hasso
Plattner
Institut

o MEXFHBTARRERICHEZRETS



~ Power support by exoskeleton
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http://sanlab.kz.tsukuba.ac.jp/r_hal.php

FUERFILEZE= HAL

General Electric “Hardiman™ (1965)
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BIREIZ L5 EEGBER

Leonar(iis, Haptics Symposium, 2012

o H@&C8OHZ@H§§))%*TB&U&B§J%7§§H Iﬁiﬂflﬁﬁuro?h% (Goodwin 1972)
® RENAIRIT IV 5z RELL TWBEE 2 HILTU VD (Burkel9764)

® (AT x—ALL TDHEE S (4112009, Roll2009,Leonardis2012)

® i )70 RE) - A B iR U HR ) K
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Kajimoto: Illusion of Motion Induced by Tendon Electrical Stimulation. World Haptics 2013
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How to reconstruct the world?

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

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



Grip type(1)
PHANToM (SensAble)

O LABILNTTAVITINARX, 6EEHEZYHR—

OIEH VI AATELRBEIN-MNELERUT) YT ’5!47

®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.



w=EPEEFEONSCTRELEL

Small but significant difference between wear type and grip type

o HEEFET “Wear type:
- {BIEITHR— TR E

Each finger must be supported
— HHLRJVR/ Classical VR

o EFFHEY “Grip type:
- IRV IFOFHDOFICGEERICIXLTHE
~EERERAY). 5~ HERIEHEEN
Force is presented to “Tool”, and
presentation to hand is indirect.
- IRERIAER/

Practical solution for many applications




Grip type(1)PHANToM (SensAble)

e —

http://www.youtube.com/watch?v=u9;dhUvOmMw& feature=related




SShbp../ W wWw.youtu e




Omega (force dimension)

http://www.youtube.cam/watch2v=OR7SaN3h168




Falcon (Novint)

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

o BENTTAVITINAR, 7T —LF&ETHR5E
e Very cheap haptic device is sold for gaming use







http://www.youtube.com/watch?v=cMi175SrDbsk&feature=related




HapticMaster (MOOG FCS)

http://www.yvoutube.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 EEMRORYMILG/INVIRSANE)TADIEWVAIEE+ VY

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



B MEHMLoMYDLBH? Make it light, or make it rigid?

o /I\YIRZA/\E")T 1 /back-drivability

= N BEEEBHEENESH ”~
Whether output shaft can be moved directly

o BEDWE/ Ordinary gear |
INVIRZANEYTAE. IELETENKX
=WMFER D (1:5082F)

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

o JA—LFT/Worm gear
INVIRSAINE ) T 18
Not back-dribable.

INTTAVDAVETI—R T H hEEZRALIN L. NV IRZANT
ILINEIITHIEA XN ZEH->TLD,

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




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

o [[&E

- DAVERENF. EXT L.
- INYIRSANE)T14H)

ANE I

- EEAORYNEE.
- BX7Ll. A—FIEZEH,IELLN.
- N\RILERD e HIZNE.
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How to control “light” haptic interface?

0 X
I =

nl o MX=f —cx—kx

C

AW

AE—FRBDIIAL— FE
o FHMOUMEZEEAL
o MBOEEIZHECI-HEH .

o FEMNEICOHYRALECANCRHIBT DD, NETARATLAFREED
AT TENEDBE=/\VIrFANEVT1H

|

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.



B FEE DI G E
How to control “rigid” haptic interface?

0 X
| -

nl e MX=f —cx—kx

C

—VW\~

TREYRAVABDIZaL— FiE
o IEMtEBD HZEETA
o FMDAIZEDE, FEMNESEKMIETE, TDEEFH 1.

o FHRICAEYBEALED, WIIRSANEYTAEARE, EEXERAQRVNEDE
LVEEZF Al EE

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
l.  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



B DFIA/ Using gyro effect
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Using gyro effect: Rotation axis is turned
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PR EEVol.7 No.3 (2002)
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Julie M. Walker, Michael Raitor, Heather Culbertson, Philipp Stolka, Allison
Okamura
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T77ARA—ILOMBRIZEARIENIETR. OvAMOPRIZE->TELTLES> A%, 2D0DT3
A RA—ILIZE>THFro L



GyroCube : [B1E51E & Z 1L/ Rotation speed is changed
GyroCube

h4f, $23F, "GyroCubeZ L \f-HapticCompassDIgE", BRERITIURI D L, 2002

A, AESETILEZFMALE-ARRTRT/NAR, BRN—F¥IL)T) T4 25m3EL,
6-2, pp.115-120. 2001
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http://staff.aist.go.jp/n-nakamura/HapticNavi/movie.html




Virtual Chanbara(2001) {2
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Sudden ghange@f rotation speed ihduces impulse
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| .1 Daijiro Koga et al., Virtual Chanbara, Siggraph2002

http://www.stegraph.ore/s2002/confcrence/etech/virtual html




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

http://www.youtube.com/watch?v=Y] WnNWV&F4




Buru-Navi Application(Amemiya et al.)

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




GyroCube Sensuous : {& I03E E D | Ff
GyroCubeSensuous
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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
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RERRICELNEDHRT
Haptic illusion by cutaneous input
Gravity Grabber (Minamizawa et al.)

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




(CHI2018) CLAW: A Multifunctional Handheld Haptic Controller for Grasping, Touching, and
Triggering in Virtual Reality
Inrak Choi, Eyal Ofek, Hrvoje Benko, Mike Sinclair, Christian Holz

o “KXEDORDAETIRENIITSTILVARZRM




(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

o BEMIBZZEILIEAETOTNAR+EDATILDHMAELE THRAGHFBEZHIR



TODAY’s TOPIC

1. HaptIC PerceptiOn Mechanism (other than skin sensation)

a. Haptic lllusions
l.  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



TELESAR (Tachi etal., 1989)

qittp://tachilab.org/modules/pra ; S/tclesar.html
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Remote mutual communication
Robotic User Interface (RobotPHONE)

Dairoku Sekiguchi, Masahiko Inami, Naoki Kawakami and Susumu Tachi: The Design of Internet-Based
RobotPHONE, ICAT2004 ABRZDTAT O RT LS
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Medical Application: Surgical Training
F2RAZIRFER Intravenous line insersion

F

e BEIIEMRETITN —=2F, E T
— RN\ OFELZAL—RICEZTTRZ D,

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



E&ELA: Fi—=27
Medical Application: Surgical Training
NEREZEF AT Laparoscopic Surgery

o (BIREEI-ANFEICE>TIXEZRE G LEINBENDLE

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




NREEF i TaL—A Laparoscopic Surgery S_ir]nula_t.or
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ARy kEFRFHT Robotic Tele-Surgery: da Vinci

da Vinchi: REBF ARGV AT L, TDIR
RELo ADAADBIRENZFR<FD Y
R—kEHY,

daVinchi: No force presentation. Low
pass filtering of human input to eliminate
vibration.
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&It : £ &8 / Medical Application: Summary

RFEOEEN ——2 Y CIIEREZZH, IWELER,
N—=V T RAEDIZIAL—R2 T NTTAVIAZTI—AN
BEEICERLTWNS,

EEITINTTAVIA R ITI— A+ CCTHEDIE S E.3DT YA
DHEANEHAEDLEBIEEELH S,

- 3DTY A THEBEEDSZETYTILEGEE, I-F-LaXME

EEDMPTODNTTa4vI(2&B 5 R—MIEER,

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.



ORvykkL—=2% :3 )L 7 Robot Golf Training

A

FairWeatherGolf

http://robogolfpro.com/




Haptic AR(1): BB ZH#Z K> TN L\ ZEALS
Touching the non-touchable by sensory conversion

IS K4, B0 KiE, f R B2, BB WRERRZAALEL-EREEREEEXEVATLDRE, H
RIN—F % L) T)TA4EKHHIES, Vol.7, No.2, pp.193-200 (2002.5)




Haptic AR(2): Nt HEFIEICEYFELMNSITEIRIZEZS

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): RKRIADIJi: FE

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



EHYIZ Summary

o NTTAVIAZTTI—RAITIBREBEEELIKEE, /\—F
DIF7ELTIIAENSEBIZUIRLDDH S,

e FICICHZEELI-IGE. [EE IOBEHEOANFD
2 1DOBIHRKIYZE, _ODT_&Jiznn’C(i#FE?#*”h\‘_ﬁo

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 AR/ Mini Test R[E]FI53F T

LITDETIZ1I00F LINFIZEE THEZE L Answer all questions within 50 words

1. EaEEDF RIZDULVTEREAHE &K Explain merit of antagnistic muscle
structure.

FRTRERED BN DULVTERBAE & Explain role of muscle spindle

TILUEIRE DRI DULNTERBAE & Explain role of Goldi tendon organ.

H A X —FIEERIZDLVTERBAHE & Explain size-weight illusion.

U a—RINT T4 RIZDLVTERBAHE & Explain pseudo-haptics illusion

FIN—INU A1) 12— 32 DUVTERBAE K Explain rubber-hand illusion

KB JRIZ DUV TERBA B & Explain phantom pain.

N A —RGHZDULNTERBAE K Explain hanger reflex

EBENT T4 T 1N\ RIZDUVTERBHHE & Explain encounter type haptic

device.

10. ZBFENT T4 TN RIZDUNTERBAE & Explain wear type haptic device.

11EBREBEHERDONT T4 T INA ZADEWNIDWNTERBAHE & Explain
difference between wear type and grip type haptic device.

12. 7\ ZA4/\E ) T«4[Z DUV TERBAHE & Explain back-drivability
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