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TODAY’s TOPIC Antagonistic Muscles

1. Haptic Perception Mechanism (other than skin sensation)
a. Haptic Illusions
. 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

\

*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
3. Application of Haptic Interface independently presented.
a. VR
b. Telexistence & Communication
c. AR

*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
* 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

B (RERREICLSEMDED D—E

Haptic [[lusions (part of. other than purely cutaneous illusion)

1. Vision + Haptics
2. Cutaneous (K [ERE) + Haptics

BREICKDNTTavI8BE (1) YA X-ESHEE
Vision Induced Haptics(1): Size-Weight lllusion

FCEETHNIE. NEVEDELYECREL S,
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.

MREIZKBINTTAvI8ER (2): 22— bNTT4UR
Vision Induced Haptics(2): Pseudo-Haptics

:l-; <|m

BHENLGEEZICEST, MENTIERRERERLD, YO RAN—
VILDEEFELLIZEEDTL—FE,

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

youtube.co




BEICKDZNTT1vVEE (3):

Rubber Hand lllusion

RATWVEVWERBOFICHBENLGRIFEES R . AT LAOFIIR
zﬂﬁﬁﬁiﬂiﬂ’éf}iéo LIFSKTHETLOFNBERDFTHALSIC
®LD

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 lllusion

Rubber Hand IllusionMD#i5E

BREXE ASERHEE
[ EBEREE R AT A
@DCExp02010
http://www.youtube.com/watch?v=aixTxO5gC
pE&feature=player_embedded
AJa1—2avHEL TV S RETRENLRIFIZ T8I T L MEEEZONT
WEWNZEMDDOLTTET Y ELIBREEELS,
While Rubber Hand lllusion is induced, Only visual stimulus is moved.
Then we feel vague tactile sensation.

WEBEIZKBNTTouI8EE (4):
SS—ARYIRIZKDLIBRFBEDREM T« 8

Reduction of phantom pain by mirror box

SR FRERST-#IC. YIEERAELIIZRIRER
WOIZELWVEAERLDEER,
VEDDIRER : k>T=F B OB ERZGRT
TV KAIZTELVAS JICETRANT
BAHITFTILDRE, RBELLICRERL:
DITFEAEELET D,

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.

STV REIE—
Mirror box therapy

AA—TEEHIET, MANTRVNEITOFE
Mg IEMNTED, ChICKYLIEREE RN
ITEFTES,

Using mirror box, patients can “move” their

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

(BEBEREICLDEAHDIER

Visually small reduces pain

Last month, researchers at Oxford
LUniversity announced the
discovery of 8 powerful new
painkiller: imverted binoculars. The
scientists found that subjects who
lnoked at a wounded hand
through the wrong end of
binoculars, making the hand
sppear 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
maodulated by what we see, So
next time you stub your toe or cut
afinger, do yourself a favor: look
away,

INCREDIBLE SHRINKING PAIN T E’J
L]

RESEEIRFEFE->THRADERNERE T 2E/BHIFED,

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




BEBREICKD/N\TTF1v8E Cutaneous Induced Haptics:
E /X7 #8551~ 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 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 bath
noses. After about aminute, more than
500 percent of
subjects report
that their nose
feels incredibly
long.

BAOHDADREZR/RTOD, BFDRIMTHIENSEETEIBEEDOAN
BADEMEUTzLSIZEEL S, Rubber Hand lllusion DR E LI E L TEAE A AE

BEBREICKD/N\TT1v8E Cutaneous Induced Haptics:
HEEELE /XA EEE -2 Extention lllusion & Pinocchio lllusion-2

S OMMSED
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SIEEHE T HE. HASBUL

NI
' FILGER
/ Extention lllusion: Strong vibration to
[ \‘//)\ muscle induces shrink reflex. If this
E1:1F \
(b)

e

ERN shrink is blocked, illusion of muscle
extention occurs.

-

~ (@
BERALZKETLRLERNMBUS,
Doing while pinching nose, the nose
grows like Pinocchio.

B2 EHEE

{a)
{al

Fig.2 llusory kinesthesia by wendon vibration

{a) An extension illusion, (b) Pinocchio illusion
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REBRE(ZKD/NT T4y 88E Cutaneous Induced

Haptics: /\>r i — & 4t Hanger Reflex (\
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® Front temporal pressure induces “rotational” force perception.
@ Rotation itself is induced.
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RIEEBEICLDNNEER

Illusory external force by pressure

TR, B E IBEEBICLIRL R MR REBORRESRE AR NA—F VLTI TR 2007.
Minamizawa, Haptic Interface for Middle Phalanx Using Dual Motors, EuroHaptics, 2006.

® REDERBIZKY . REFNNHNGNIKRTHAERELS

® Simple pressure sensation is perceived as external force.

Steven C. Hauser, Gregory J. Gerling

D
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Jeremy D. Brown et al.
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TODAY’s TOPIC

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

a. Grounded type
I Encounter type
Il.  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

- &% “Encounter Type . N 3
— High Cost, but free hand — - —
— True “Contact”=Natural Tactile Sensation

¢ Reconstruct Hand Shape

{‘%;:-"\ -
- SRR P
Wear Type, or Grip Type Q‘x\”
— Low Cost but must equip AV
— Most Commercial Haptic Interface %




82! “Encounter Type(1)
Active Environment Display (Tachi et_al., 1994)

L -

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

t

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

A28 TATLRT LR

A28 TATLRT LR

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

HMDIZLRDREFHICE-T, BEOMRERLHEF THOTLSLIITELSES.

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 Pro: in Augmented Reality

Anuruddha Hettiarachchi
Daniel Wigdor

dgpl  @qoronTo
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(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

Bl 3 Ul

SR VRIBE TS 20515, VREICLZOHEDENRMENSD. VRED
Virtual Human(Z DAL DE WM B ET 2 WO TERELHE). THLHBER, ZH
HEBGENEFSND.

How to reconstruct the world?

¢ Reconstruct Shape
- &;B3! ~Encounter Type
— High Cost, but free hand — —
— True “Contact”=Natural Tactile Sensation

¢ Reconstruct Hand Shape

\
)

L
- EER-EER =
Wear Type, or Grip Type %
— Low Cost but must equip 2
— Most Commercial Haptic Interface &

Wear Type: CyberGrasp/CyberForce

TTHLYY

http://www.youtube. atch?v=Td

A LIEME AP —T 1 X(Kawasaki et al.)
Five-Fingered Haptic Interface
n

Bu I weeregigifioty

feature=related

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

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

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

Wear Type(3) Electrical Stimulation

TR, L REKBEE, HHIF7-20078

s HERHOERFHTERNERTE

e BB, ELREEFTOMELELS

¢ Antagonist Muscle is electricall stimulated.

¢ Light weight, but strong tactile sensation also.
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https://www.youtube.com/watch?v=9XBg
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o FHEBIBTICHYRENEBESEIEY
o FRFH:ERICHYMENGEIZTEES

e Extrinsic hand muscles: Large & coase finger motion

e Intrinsic hand muscles: Small & fine finger motion.
S R MR
i

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

T RERIE SR

Functional Electrical Stimulation

video

o (CYNEYT—arTHILGAS,

o B EAEDMHE (= RYMGRIB) CIZLEHFE-E,
®Mainly used in rehabilitation.

®Several 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

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

General Electric “Hardiman” (1965)

FURKZF ILBHRE HAL
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Kajimoto: lllusion of Motion Induced by Tendon Electrical Stimulation. World Haptics 2013

Grip type(1)
How to reconstruct the world? PHANTOM (SensAble) AN :
.’&\ ';_; - i :
* Reconstruct Shape & ' Q/\ '
- #BiBE “Encounter Type 1, AN
— High Cost, but free hand — = ‘h’-"“
— True “Contact”=Natural Tactile Sensation y '1
| I
* Reconstruct Hand Shape R P =
_ 4 . J ] .. .
=RE-ERES - OBLBALNTTIIF AR, 6EHEE YKt
Wear Type, or Grip Type I IR THRRENT-H B IRV T v T AT
— Low Cost but must equip ®Most Famous Haptic Interface with 6DOF
. . OFi tall t developed, but t -grip t
— Most Commercial Haptic Interface |hgers§ ype was deveiope ) ut mos grg pen. grfp ype
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 ALHFRQPSCTRETEN

Small but significant difference between wear type and grip type [

o ZEEE/Wear type:
- BILITYR—+F 2R E
Each finger must be supported
- HHRIVR/ Classical VR

o $BIFEGrip type:

- IRVIZOEHOFCGEEICHLTAHR
RGEEBRE). E~0OHRRIIMEN
Force is presented to “Tool”, and
presentation to hand is indirect.

- REME/

<

5
AN

=

il

Practical solution for many applications
——

Grip type(1)PHANToM Omni
sy ]

Grip type(1)PHANToM (SensAble)

—

vw.youtube.com/watch?v=u9jdhUvOmMw& feature=related

Omega (force dimension)

http://www.youtube.cqm/watch2v=OR7saN3hI68

Falcon (Novint)

o BRNTTAVITINAR, 75— LRAZR TR
e Very cheap haptic device is sold for gaming use
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bsk& feature=related
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HapticMaster (MOOG FCS)

: '.v*'t"a'("

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

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

o EERAORYMIL/ YIRS ANEYTADREVOAIEE+ htE Y

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

BEBMLoNYDLBH? Make it light, or make it rigid?

o I\WHRSA/\EY) T4 / back-drivability

=HAMEEESMEEINESM
Whether output shaft can be moved directly

o BEOHEE/ Ordinary gear |
INYIRSANEYTA4H. ELETHENK
EFVXERD (1:50F8E)

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

o 9 —LFT/ Worm gear:
INVIRZANE) T4
Not back-dribable.

NTTFAVIAV BT —RITHABMEEEMIN S, NVIRES(/3T

ILDESHTHIFABRXNEH>TLS,

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

drivability

BEBMLoNYDLBH? Make it light, or make it rigid?

o [BRLVIEE:
- JAVERE%E. EXTLh.
- INYIRSAINEYT4H)

o TELVIEE:
- EEAORyYMMIE.
-BX7h A —FEEh AL
- NURILERD AL FIZIEE.

MEELN I E DRI A E
How to control “light” haptic interface?

0 %
e —
c

Elehe mx= T —cx—kx
k

AVE—FVRBDIaL— R

o FEDGEZEAL

o BOREICECIAZHA.

o FRMNBIZOUALLECHNORIET 200, ARTARTLAZEEED
NEFTEHAEBBE=/\VIRSAEYTAH

Impedance based method

e Measure grip position.

e 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.

MR IREOH A E
How to control “rigid” haptic interface?

0 %
e —
c

ﬁ@_ﬁ mxX = f —cx —kx

FREVEAVRBIDYZaL—FiE

o BftEDNEA

o TOAITEDE, FENESEHAHE. TOREEH A

o FRICACYRBALED, NVIRSANEYTAIFRE, EXAORYNEOR
WEEZF AR

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 used such
as industrial robot.

11



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
IIl.  Holding type (pen & tools)
b. Ungrounded type

3. Application of Haptic Interface

a. VR
b. Telexistence & Communication
c. AR

DA OMB DO F|F/ Using gyro effect

N
T F2  KHEHE EE FX CY/OE—AVMRAVEHAEEREE. HAVR
SERMITEEVol.7 No.3(2002)

j.html

wd

Julie M. Walker, Michael Raitor, Heather Culbertson, Philipp Stolka, Allison
Okamura

IIARA— )LD MBRIZFDEE SRR, v AOHRICE>TELTLEINE, 20075
ARA—IZE>TH YL

GyroCube : [ #533% E Z£ b/ Rotation speed is changed
GyroCube
h#t, $83F, "GyroCubeZ AL f=HapticC

fhEfh, AEHEECERMALEARER
6-2, pp.115-120, 2001

1DDE—42 [EE

aff.aist.go.jp/n-nakamura/HapticNavi/movie.html

Virtual Chanbara(2001) [l RED 2L LS HEZE
Sudden ghange@f rotation speed#duces impulse

12



{m 03 E D F| .~ Using Asymmetric Acceleration
Buru-Navi (Amemiya et al.)

GyroCube Sensuous : & I5E E D F| F
GyroCubeSensuous

it Bl STARICAE - F O A2 52 AN —RBEEMAE AL AT —ADTHE
1, CEDEC2010

Buru-Navi Application(Amemiya et al.)

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

é

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)

13



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

IIl.  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

e Real World Information

— Telexistence, Remote Communicatio

— Surgical Training

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

TELESAR (Tachi et al., 1989) TELESAR Il

*//tachilab.org/modules/projé€tsitelesar.html

Remote mutual communication
Robotic User Interface (RobotPHONE)

Dairoku Sekiguchi, Masahiko Inami, Naoki Kawakami and Susumu Tachi: The Design of Internet-Based
RobotPHONE, ICAT2004 A 859 T4TLRT L

EELR: F M —=29

Medical Application: Surgical Training

BRI IRFEMR  Intravenous line insersion
- :

= A
»
)
o BREIEMARETILCIL—=2T ME T Y e,
—RAv R EL 1L —RICEE R 5, -,
¢ Ordinally, training is done by real-size model. i E‘!
Haptic simulator will replace it. ‘1 .

14



EEISA: FilitL—=24
Medical Application: Surgical Training
MEREEF T Laparoscopic Surgery

o BREENAHEICESTIIEFERRALENFELNLE

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

RREEF M 22 —4 Laparoscopic Surgery Sj_rbu!gtor

O7Rw hEFEFET.~Robotic Tele-Surgery: da Vinci

"~ =4 J .I'f-

da Vinchi: RSB REVRAT L, TDIR
Tl ADADDGIRBZRF DY
R—rEHY,

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

E&E S F£ &8 / Medical Application: Summary

o RHEDNEBN —=UF TIIERELH, BELIR.

o \L—ZUFABDYIAL—ET, NTTAVIALBTI—AMN
BEIZERLTLS,

o EBRICNTTFAVIABTI—A+CCTHEDEEE. 3DT) A
DHENEHRAEDLEDEALLHS,
- 3DTNUATHERERDIETYTZIILEME, LR

o EROMPTONTT4uIIZ&B Y R—MIRER,

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

e Haptic support during true surgery is still limited.

Haptic AR(1): RREEMIC I > TN G\ YEMS

Touching the non-touchable by sensory conversion

B Fth, B0 K& TR S, 8 W WRRFEHAL-EHMERHFEEXEVATLORE B
ARIN—F ¥ )L T TAERMIES, Vol.7, No.2, pp.193-200 (2002.5)

Haptic AR(2): B HEFIEICRYZLNSERIMIZER D

Stiffness Modulation by using force sensor and impedance control

Interaction with
a soft sponge block

Stiffness Modulation for Haptic Augmented Stiffess Shifting: Improving the Perceived Hardness of a Virtual Surface,
Gabjong Han, Seokhee Jeon, Seungmoon Choi, Haptics Symposium 2010

15



Haptic AR(3): KIA~DE A

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

BHYIZ Summary

o NTTFuvIA BT —R(FMEBEHEEIREE, /N—F
DIFELTIEAENSERIZO TN DDHD,

s BIZAEMRELESE. EEIOBEHEOANFD
BIOBRKIYE, ZOEHOE R TIHIEER AT,

¢ 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 R Mini Test R[EIBAIAE T

LT O2TIZ100F LINFEE THEZ &~ Answer all questions within 50 words

1. ERFEEOF RISDUVTERBE & Explain merit of antagnistic muscle
structure.

. FAfhEEDZ BN DU TERBAE & Explain role of muscle spindle

. TLTURBE ORI DT & Explain role of Goldi tendon organ.
. A X —BSEEEICT DUV TERBAE & Explain size-weight illusion.

. 2 a—RNTF4HRIZDLVTERBAE & Explain pseudo-haptics illusion

. ZIN—IURA1)2—2aV (2 DUNVTERBAE & Explain rubber-hand illusion
. IR DULVTERBAE & Explain phantom pain.

. NUH—REIZDWTERBAE & Explain hanger reflex

. EEBRNTTFAYITINARIZDWTERBAE & Explain encounter type haptic
device.

© 0 NOUAWN

10. BB NT T4 T INA RIZDWNTERBAE & Explain wear type haptic device.

1LEBERLBERDNTTFAITNARDEWNZDNTEHBEE & Explain
difference between wear type and grip type haptic device.
12.7\9IRSANE YT 4IZ DUV TERBAE & Explain back-drivability
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