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#AB/ES/No. #EH/Date WE/Contents pdf video L7R—h@tIH/Report Deadline
1 4/05 ARiEHBISEE /Measuring Human [&)] pdf]12023fFRR videod 4/12
= 4/12 HIEDT- 8RB/ Class cancelled

2 4/19 8% /Human Vision System [&) pdf] 2023FkR video @ 4/26
3 4/26 R®E> < >4 /Visual Sensing [&) pdf] 2023€FkR video & 5/3
4 5/10 BB« AT /Visual Display [&) pdf] 2023%FAR video&? 5/17
- 5/17 HIEDT-8DRE/Class cancelled

5 5/24 BER. BR4 497 1x—R /Auditory Interface [&] pdf] 20234FRR video & 5/31
- 5/31 B Dz ikE/Class cancelled

6 6/7 f2%. 888> x—2R Tactile Interface [&) pdf] 20234FkR video & 6/14
7 6/14 R, R4 1x—2R2 /Tactile Interface2 [&] pdf] 2023€FAR video & 6/21
8 6/21 NE. NEA>4H T x—2R /Haptic Interface [&) pdf] 2023%FKR video & 6/28
9 6/28 B8EE 14— XA/ Locomotion Interface [&] pdf] 2023FFkR video & 7/5
= - T EFARE )/ Presentation video upload [&) pdf] - 7/12
- - TP EFASE (1) /Watch group 1 video - - 7/19
- - TLYEFASE (2) /Watch group 2 video - - 7/26
= = TP EFASE (3) /Watch group 3 video - - 8/2
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Outline of the lecture
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NIRHHIFREE, Measuring Human

145/ Human Vision System

Rt 7 /Visual Sensing

AT 4 A7V A/ Visual Display

FEEL. BEE A v A7 — &/ Auditory Interface
b, il AL X7 —R Tactile Interface
b, bt AL 27 2— R/ Tactile Interface2
S5, g Av X 7x—2X /Haptic Interface
BEh&e AL 27—/ Locomotion Interface




fist 53 = PRI + P

Haptic Sense = Proprioception + Cutaneous Sense
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0 [ B MDETE (KB I4L ~Cutaneous Sense, Skin Sense)
o1 RIDAHiE, BEHFA (GRERIERE » J) %2/ Proprioception, Force Sense)
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TODAY’s TOPIC

1. Skin Sensation Mechanism
2. Tactile Illusion
3.

r

lactile Display




Rz 8 R (=B340 ) Skin Structure (Hairless Parts)
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N __ sSkinsurface jwimsmss mmaERICHE
E : Mechanoreceptor: Sense Mechanical
%E)}Z/Epldermls “ A AN (A Deformation
{ :ﬁ' ‘II“V 3 ;2 %8~ Shallow part
&\lv }n O 7 A R F—IMAE . MeissnerCorpuscle
| ® A )L/ JL#lRE.~ Merkel Cell
B X ./Dermis £

&R~ Deep part
® )L 71 =# K .~Ruffini Ending
® /\F /MK Pacinian Corpuscle

f Z D 1th.~Misc
R TR BEHMAEER(ER. BERE)
Deeper Tissue FreeEnding (Pain, Temperature)



i BRE-HELEZEN\RITYY
http://www.seishinshobo.co.jp/book/b88071.html

REREERDEFRICEHICHFE.

HE— DM MEEVTITRES
LG EICEE
FNIFELEDRKESIZLLH
HIMDFRENTIEMA L ERZTER

*Densely Populated at the bottom of epidermis.
*Sense Static Deformation.

. . i AT IV IR (Principles of
*Pulse Frequency is Proportional to Deformation. Neural Science)

https://www.medsi.co.jp/kaigelsy
ousai/index.html

When activated, Pure Pressure Sensation is generated.




(%%%) %?‘\;Eﬁ Pressure sensation by hot steam

T. Kai, Y. Kojima, Y. Hashimoto, H. Kajimoto, "Mechanism of Pressure
Sensation Generated by Hot Steam", ISVRI2011.




(%%%) ‘;:Fﬂyiﬂ)*%iﬁ Structure of sweat ducts

-

HEXDEIZENMNTWAIOILENEFRIIEINHIR I TIIEL b FABEZLD?
*Not a "linear hole" as described in the conventional diagram, but a helical structure?
Juergen Lademann, Nina Otberg, Heike Richter, Lars Meyer, Heike Audring, Alexa Teichmann, Steven Thomas, Alexander Knuttel, Wolfram

Sterry: Application of optical non-invasive methods in skin physiology: a comparison of laser scanning microscopy and optical coherent

tomography with histological analysis
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1600-0846.2007.00208.x
A Kochnev, Betzalel, N. , Ben Ishai, P. , and Feldman, Yu.. 6/10/2018. “Human Sweat Ducts As Helical Antennas In The Sub-Thz Frequency

Range-An Overview”. Terahertz Science And Technology, 11, 3, Pp. 43-56.
https://yurifeldman.huiji.ac.il/publications/human-sweat-ducts-helical-antennas-sub-thz-frequency-range-overview




<A A F—/Ma ' Meissner Corpuscle
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e BRE-MELEZEN\RTYH
http.//www.seishinshobo.co.jp/book/b88071.html
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B R ILEERICEICHFE.

{& B IR EN(15-100HZ)I 2/ & (£ #R30HZ)

FE K R B ~ IR EN B IR B

HMOFITIEIREZRR, NIRRT ELD

*Densely populated at 0.5 — 0.7mm depth.

*Sense Low Frequency Vibration (15-100Hz)

*Has Resonant Frequency (30Hz) —LL—L—
*Pulse Frequency ~ Vibration Frequency

*Single Activity Generates “Flutter” Vibratory Sensation

AT IV IR (Principles of
Neural Science)

https://www.medsi.co.jp/kagelisy
ousai/index.html .




/\%__/J\ﬁi/ Pacmlan Corpuscle

iR BRE-HEOEZEN\VRTYY
http://www.seishinshobo.co.jp/book/b88071.html

R TR EILSIZTFE.

& BRIREN 25 & (60-800HZ) (£ #R250H2) %
FE K IR B~ IR ENE IR E i -
HHMDFEHTIIEFXICHMN-ESLEFHEE, 0 EN )

*Sparsely populated at deep region

*Sense High Frequency Vibration (60-800Hz)

*Has Resonant Frequency (250Hz)

*Pulse Frequency~Vibration Frequency

*Single Activity Generates “numb” sensation, just like touching a tuing fork or spearer



N7 4=#AK Ruffini Ending
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iR BRE-HEOEZEN\VETYY
http://www.seishinshobo.co.jp/book/b8807 1.html

B A ZBRS (ZTRIE.

FRTRET NIZISE

FHNHEEIIET DO REZIZLEF
HHOFHTIIREZELLGV?)>mEIIREZELOINTEWERIEDHE

*Sparcely Populated in a deep region (2mm~ depth)

*Senses Static Horizontal Deformation

*Pulse Frequency is Proportional to Horizontal Deformation.

*Single activation does not generate sensation(?)—it does but broad precsyirs



2 anEALHN DR DONT

SA-l, SA-Il. RA(FA-I) . PC(FA-INEWS4FBEEDEEIDIEEEN B 5,

$k RIFESEM S . SA-lIZMerkrl. SA-IlIZRuffini. RAIZMeissner. PClZPacinit=55&
HERISND,

7=1ZL. SA-NZDWTIEFRBE L&D,

$eEDZ AR NEZIZMerkel h t=-{SAH D, CNHSA-IIDZENZE-LTWNSADT
& ?

ERITDMET., SA-IZERRHTAELENVEBEBRIFELAINEITNERIT(HFEY)EL
7Ly, hitps://physoc.onlinelibrary.wiley.com/doi/10.1113/JP282873

SA-N[ZDWNWTEET HEZITTE
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Threshold [um]

o Merkel

« Meissner
o Pacinian
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. Moment of Touch Moment ol Release Frequency[HZ]
I / \ e *Merkel: EFRLS /£
" T( | ' ‘Meissner {EER S ZEE
er;e T LU rme  +Pacinian: & BIRR 7 INiEE
Meissner ime
E t l| | — *Merkel:DC / Displacement & Pressure
Pacinian_{ | % +Meissner:Low Freq. Vibration / Velodity

=

*Pacinian:High Freq. Vibration / Acceleration



221 # 745, Spatial Roles

Pacinian

;iR BRE-HELDEZNAURTYY
http://www.seishinshobo.co.jp/book/b8807 1.html

‘Merkel: #iH LV, N\2—>_~Small Pattern
‘Meissner: EJE LD #AH LNEIZ,Small Area Movement
‘Pacini: [GLNETFEDEE.Large Area Movement
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Spatial temporal roles
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B RE L2 B dr
Skin Structure and Mechanoreceptors
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B LB
- Merkel&Meissnerl3 bz FIZAEALE

-Epidermis: Hard

-Dermis: Soft

Merkel and Meissner are at the interface of the
two layers.

Stress is Concentrated at Merkel  Strain is Largest at Meissner

IS
Gregory J. Gerling, “Fingerprint lines may not directly affect SA-I mechanoreceptor response,” Somatosensory and Motor Research 2008.



JBARIZ FEIZMerkeliZEH>Ta—T 4735
Shape is mainly coded by Merkel Cells

Skin surface ey
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j; = M- S. Weinstein, Intensive and Extensive Aspects of Tactile Sensitivity as a Function of
= lL % 1. Body Parts, Sex, and Laterality. In D. R. Kenshalo (Ed.), The skin senses, 1968.

MEAN THRESHOLD ({log 0.1 mg}
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Joseph C. Stevens & Kenneth K. i ] 1828 }
Choo (1996) Spatial Acuity of the 40— yrs
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Somatosensory & Motor Research, 5 30 |—
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BRI Z R DIGE IR Ta—T 1735

Frequency is mainly coded by combination of receptor activities.

1 EMCBIF SR OIRELEE 2 HREOME
100 100
= - n -=- E~DEE
= y - =
5 KT R : T A s
B = — A ARIME (RAT)
10k 10k — JUFZAVE (RA2)
- - -
3 = =
g L REBTANSNGE, T E
E n =SREHSNLERE N
0.1¢ 0.1k
0.01 DO b e 0 1
0.1 10 100 1,000 0.1 10 100 1,000
=R AR (H2) IRBh R (H2)

Hho T IL#aEEFL22 (Principles of Neural Science) https://www.medsi.co.jp/kandel/syousai/index.html

F [ZMeissner&Pacinianh B &,
F=ELIREIF A/ EL EPaciniD N ZERIINE IshENEGY . 8 BIKERLG<E5
Vibration is coded by Meissner + Pacinian. If the vibrator size is small, high fieq.
threshold rises, (“spatial summation effect” of Pacinian corpuscle)




(EuroHaptics2016) Temporal integration of tactile
inputs from multiple sites

Sarah Mclntyre, Ingvars Birznieks, Robin Andersson, Gabriel Dicander, Paul Breen, Richard Vickery

Separation distance of the two probes

y I  FEEE L .
HHHHH HHHH
PR A+

C Rl

Total afferent recruitment (amplitude)

. +———+— * —— . 1
+HHHH ITTENNERETE
o @—@
BRLZEMICIRBZS5Z25. IREDERMEIBLTBEET T . HIEHIZE-TIEFIZ
[(F2EDERHBIELONGENNEVSTARSFER IV T HR26EAIRELCS. LAL
BEDIZE16cm<LLEBEN T TEHFEBE L EIRMICRELS. CHIFIRIEZ/NSKLTHRLA
DT, W Ehot== E[FFEZ I,

Simultaneously presenting vibration to two sites elicit “doubled” frequency feeling,
although the positions are quite separated.




(EuroHaptics2016) Frequency-Specific Masking Effect by Vibrotactile

Stimulation to the Forearm, Yoshihiro Tanaka, Shota Matsuoka, Wouter Bergmann
Tiest, Astrid Kappers, Kouta Minamizawa, Akihito Sano

Accelerometor § Masking vibratos

BRECEEIYDLEDIREIZEZTEE, BICTPOPEIMEIZEZHLIEXDERENTE
[THATLED. ELDRARATIEINFELLZL. BIMICEZ2OTHERAL.
Presentation of vibration to forearm dramatically “mask” vibration feeling at fingertip..

o \,:‘



FDMhDOfh4r / Other cutaneous sensations
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Hairy part
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#* Free nerve ending

#EE M M Glabrous skin
|

Meissner /| \i&

Meissner's
7 corpuscle
: HEEG
racni vk Glabrous part

Pacinian
corpuscle

A— LY UHBERZETEXL
(Physiology of Behavior)
https://www.maruzen-

publishing.co.jp/item/b294439.html

A & B Hi# .~ Temperature sensation by two fibers.

- JBR:HEEHREITAVELM SCHlki AV HE L~ Pain sensation by two fibers

A E£EB.~Hairy skin

- EAZAZ Follicle Receptor
ENHNLEETOAFHFCGRERL) . CnIZHKHY, Meissner/MAITHE
Activated by low frequency vibration, substituting Meissner corpuscle
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Myelin (Wikipedia)

https://en.wikipedia.org/wiki/Myelin

WM Z AR DEN DL DR APHLHE. —EPAyHEHE
« ERIZIFHZIEZ HMyelinated 7y fHE

CHil#£ : Unmyelinated/S 5%, {mZEEEHEL.

« SRERT: Ayl ECHikHE

J"_E Ay CCHlkHE (R DRA LEE)
i E &R D Meissner/IMAIZ A YA T HHE - AARCHkHE D FTE

y ’ﬁ%ﬁfil LB ERIZNET HCHIENFE. [FBICEHS ?




TH R RS/ Temperature & nerve

Table 7-2 Sets of Afferents Sensitive to Temperature
Threshold  Range

Group Axon Q) O
=2 e LA R Noxi id C-fibers, 0.5-2.0 m/sec, rare = 26-27 Down
REEAE — to tissue
! destruction
A Rt Cooling A-delta, 13-15 m/sec, 34 34-26
ME denslty 50-70 fibers/cm?
ren
JI 5. Warming C-fibers, 0.5-2.0 m/sec, 36 36-42
density 50-70 fibers/cm?
12 = '|$ 8 Eﬁ, Noxious heat (1) C-fibers, 0.2-2.0 m/sec 42 42-52
- = 1L/ (2) A-delta-] 42 42-52
Extreme heat  A-delta-l, rare 52 Up to tissue
destruction

IR DRI EAREEE  AoMFEIL13-15m/s, CHi#E0.5-2m/s.

Ciflikf (X EFIBIITELS

BEREAROEEEREILEEINETNARLELION?

BT AIEEZLEREA -

« AR T--BREIOREZILIND, MERTHE=>FZEVAINLE

s FREUAR-ER . IRIEQEEING, TOGZHNLEINE S ZTHIE=ELC

- REMER BUOX, EFAXFEEHITLI=>FEAD

« Moderate cool sensation is used for material identification, which requires
fast response (Ad). Noxious cold is environmental, and does not need ta he
quick. Noxious heat might be used to avoid sun?




TR L i T DG E /Recent Topies on Thermal Sense

Warm Perception

Warm-activated afferents i’ Warm-inhibited afferents Rlcardo ParICIO_MonteSInOS et al (2020) The Sensory
JMLJ \ J J \ | Coding of Warm Perception

== == https//www.cell.com/neuron/fulltext/S0896-6273(20)30186-0
Warm / hot T_RF' channels'r"‘;: ::_A Cool TRP r.'!_;-‘.nnels

" | TRPV1 TRPM8 |

i § SR, §

TRPA1
|

Partially Required  Required

o TDRITEMNS, A= ZHEHSEDLHRRY,

« BEMNSZEADSTRPM2EIETRPVIAA U F I RIESETH., BN SOEHILH
BT Bh . JHERILLELY,

o REIEILASTRPMBFYRILERIESEYT HE BRAEZRMT SBENINEDND,

o WEDIENE, AT-TERRDFroRILTIEVSETILERERY, SO F v
FIILVDFEHDIUERE | BRZENSDFEHRELTELOTNVAHIEZRLTINVS,

Mice were asked to judge warmth and coldness. Deletion of TRPM2 or TRPV1 ion channels,

which convey warmth, blunted but did not eliminate the perception of warmth. On the contrary,

losing the cold-transmitting TRPM8 channel, resulted in a loss of the ability to perceive warmth.

This supports a model in which the "attenuation" of activity in the cold-side channel itself is used

as warmth information, rather than the conventional "warmth and cold are in separate channels"
model.
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EXRHOTIND ARG E

By using needle, we can directly measure nerve

aCt|V|t|eS . Vallbo, “Sensations evoked from the glabrous skin of the human hand by electrical
stimulation of unitary mechanoseisitive afferents,” Brain Res., 1981. QS



Procedure
(Medical Doctor’s License Required)

(0)See where the nerve bundle is. (by ultrasonography)

(1)Insert a needle (¢0.1mm), which is connected to Amp&Speaker

(2)ldentify Location and Type of Receptor by the Sound.

(3)Do Experiment on that Location.
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EIROTHAND ? I K FEEIE

How we know?: Skin recording

Finger pad Flat Surface Smooth Bump

fingertip

light
SoUrSE Amcra

V. Levesque, V. Hayward, Experimental Evidence of Lateral Skin Strain During Tactile
Exploration. Proc. Eurohaptics, 2003.

https://youtu.be/bdgmGrESe14?7t=681
Levesque (2003) Experimental evidence of lateral skin strain during tactile exploration

Optical observation only for flat or smooth surface.



Make It Optically Transparent

Oil Finger
—

1

High-Speed Camera
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Skin Deformation on Textured Surface

Fing
[ =1 i ==—=s S = =t S A
B —— Do Texture
| s e .
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S.Tanaka, S. Kaneko,H. Kajimoto: Three-
dimensional Measurement of Skin
Displacement, Haptics Symposium 2020.



Measurement using telecentric lens
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TODAY’s TOPIC

1. Skin Sensation Mechanism
2. Tactile Illusion

3. Tactile Display



KRR R A b 2 AR B
[1lusion related to spatio-temporal interaction: Apparent motion

HhEB

il DI BLEB) T, BRI —/N\—F Y7 R 55 3R



BRI hOF s Aashe s 7 7 v At B—Tav
[llusion related to spatio-temporal interaction: Phantom Sensatlon(Funnehng )

Hh A ih =B

O KHZHE OV AR T FE A
‘ O 1 KL - DN IR,
o EIIRE TS

yI=RIV]
®Generated by short pulses
®Image generated between
‘ . stimulators
®Position can be controlled
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(%7) Virtual Rolling Stone

Frequency (Hz)

01 03 05 07 09
Time (s)
HDHZER STV EBERZE T VAL, ERSIREN S & R IRE 2 RE) -I2X->TH
. RN OEENEZHETE., 2OIEFEITIT L,
Yao, Hsin-Yun & Hayward, Vincent. (2006). An experiment on length perce otmr
with a virtual rolling stone. Proceedings of Eurohaptics. .
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cutaneous saltation, rabbit

fix t
vary |
measure [*

position (cm)
o o
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Qo /Cutaneous rabbit illusion
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g3 B (1): NIV I Y 22— a3
[1lusion related to tactile feeling: Velvet Illusion

VD H (77 =277 yNad) 2l T

Hit2ICE g &, TUVELT=LR Y

N

R

LCA, (HTilLELED)

NI AP2ARTHHEL D, 2 NTHLEL L)

Sandwiching coarse mesh of a net, such as tennis racket by twg -
hands, and moves. Then, smooth surface like velvet is felt.

\



R Z B 9~ B85 Ml [llusion related to tactile feeling (2): FiSthHE@%%

Nakatani, M., Howe, RD., and Tachi, S. Surface texture can bias tactile form perception. Exp Brain
Res., Springer, 208(1), pp. 151-6, 2011. PMID: 20981539.

T EHRICY) ST TR . 155 I 722 58, MBI AT O
AL EDI A TR B, (FTHALELES) o :
IER R TR A G BB N 2 BT TN, ‘
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lllusion related to tactile feeling: AIr suction perceived as pressed.

Y. Makino, N. Asamura, H. Shinoda: A cutaneous feeling display using suction pressure. SICE Annu. Conf., 2003.

ZEWE]IC J:éJ:T:E_&._JﬂZ/Usmg air suctlon (B TlLZEL L)
REIEHT T, RREFMEICELHIEIRILFT—DIEIL->ANIZRBITELGLY,
EROWE T EEEEFWTART SoLCEO>TECHMBRR,

Suction and push produces the same strain energy, so human cannot distinguish.



TR B R Temperature related illusion (1):Thermal Referral

NZEUREERZ2mOLRBLHETLOZMD L, HiE Tt T
SDOPMTIEEC D, WPV IITHAEC D, (KTl ELrd) o -

Two cold stimuli generate illusory cold sensation at the middle. "
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2): Thermal Grill Illusion

ALZELLD)

R X TR A RISV THI
LR, 2 N2 522 OMHIA . FWAPRTEIND, LSS,

« Simultaneous presentation of warm + cold at close range to generate pain.

e Normally, cold stimulation simultaneously excites nociceptors, but it also Suppresses S
pain pathway. The application of warm stimulus removes this suppression.



R HEERICEBFEEAHNE] / Tteh relief by hot/cold stimuli

R. Watanabe, N. Saito, Y. Mori, T. Hachisu, M. Sato, S. Fukushima, H. Kajimoto: Development of Roller-Type ltch-Relief Devicel
Employing Alternating Hot and Cold Stimuli, CHI 2013 (Ex-tended Abstracts), April27-May2, 2013, Paris, France.




B E O ER) /Thermal cutaneous rabbit

[HapticsSymposium2016] Space-Time Interactions and the Perceived Location of Cold
Stimuli. Anshul Singhal, Lynette Jones

e o ¢ o ©o ©o

— - >
A© spac>e AO space
D@ v D@

A3k Bk A3 Bl

BRI [CE RO A REEEGDBAICRRLF. 2R OAEOMEMEMNMRRIA(IVTIC
HLTEL BREREICBEVLWTLRZERMBEERANE S LT RLT,

Several cold sensations are presented intermittently at different locations. The perceived posifion of
the cold sensation during the presentation is dependent on the timing of the presentation.



i ERIDIEE Ik BlLEBN&AL Apparent motion of thermal sensation

between two hands

(Towards Intermanual Apparent Motion of Thermal Pulses, Daniel Gongora et al., UIST2017)
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I R D IERR B R Continuous heating
(WorldHaptics2017) Asymmetrically-Applied Hot and Cold Stimuli Gives Perception of Constant Heat. Ahmad
Manasrah, Nathan Crane, Rasim Guldiken, Kyle B. Reed
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TODAY’s TOPIC

1. Skin Sensation Mechanism
2. Tactile Illusion
3.

r

lactile Display
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R E—AXICLAZE4/Vibration Motor

ZE R ()

H#Faﬂﬂ,&zﬂl(r'éﬁf')

T—AX +HROPBHY motor + eccentric mass
- BEZEEZALEEO S I IRIERRIFHCZE ¥, Frequency & amplitude

change according to applied voltage.
- M. T AF D ERITIIAME, Not suitable for hi-fi tactile feeling.
- EMFEETPacini/IMED J& Bl THREN 45 89128% 5. Frequency at

rated voltage is at the range of Pacinian corpuscles.
- BRI KEEBNZ I, Good for notification.



EE IR /7 F 2= —A~/Linear Resonant Actuator

/ e
]

e

http://akizukidenshi.com/catalog/g/gP-06838/ https://www.precisionmicrodrives.com/product/c1 EEI:ZHLJ:%%ﬂzd)ﬁ@]ﬂ?ﬁ@]}éﬁﬁb‘f:%éﬁv\d)
0-100-10mm-linear-resonant-actuator-4mm-type ~ fAREIR "M AIEELS O—T DREAF,SICE-S12014

AR LIRBHY) L —RE R T E D E TOIRFRIEEI {80msHE &

A ZATA NARE) I LR 247 ¥ 7z Linear Resonant
Actuator: E4E10msLL .

HEHR 9 20150Hz ~ 200Hz, PacinifiigiziHo
BER~— T4y, ZAe—R7FvFIc N LS

ERIRERF

I
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EEj IR /7 F 2= —A~/Linear Resonant Actuator




EEj IR /7 F 2= —A~/Linear Resonant Actuator




(UIST2020) Haptics with Input: Back-EMF in Linear Resonant Actuators to
Enable Touch, Pressure and Environmental Awareness
Artem Dementyev, Alex Olwal, Richard F Lyon

UIST 2020

Haptics with Input: Back-EMF in G\

Linear Resonant Actuators to
Enable Touch, Pressure and
Environmental Awareness

Artem Dementyev
Alex Olwal
Richard Lyon

Google Research

https://www.youtube.com/watch?v=f4mckHLWBd4

LRADMEEENZHIE T HIET, LRABIOLN TS, EOLND S THINTLdH»
Zatill 9%, LRADFEEE N HIEIE I TIZE DR FA NS TND, ,




Actuator should disappear?

||||||||||||||II|I|I|IIII|I|I
IIIEIIIIIIIIIII

Ultrasound generates Static Pressure ‘
Iwamoto, Maeda and Shinoda “Focused ultrasound for tactile feeling display,” In Proc. of ICAWJQ"I.




ZE U I DIURIZ I D R fd o~

Airborne Ultrasound Tactile Display

https://www.youtube.com/watch?v=hSf2-im0SsQ

<
Hiroyuki Shinoda, Airborne Ultrasound Tactile Display. Journal of the Robotics Society of Japan, 2018

~

\




(CHI2016) HaptoClone (Haptic-Optical Clone) for Mutual Tele-Environment by Real-time
3D Image Transfer with Midair Force Feedback
Yasutoshi Makino, Yoshikazu Furuyama, Seki Inoue, Hiroyuki Shinoda

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

HERMREZAW-ZREME.




Mid-Air Tactile Stimulation Using Laser-Induced Thermoelastic Effects: The First Study
for Indirect Radiation, WHC2015

Hyung-Sik Kim et al., "Evaluation of the Possibility and Response Characteristics
of Laser-induced Tactile Sensation," Neuroscience Letters, Vol. 602, pp. 68-72,

2015.

¥ = 1.
o Index finger

%

(a) .
Optical table
ptical ta - e Response button j§

l.ase:] Optics

Trigger
maodule USB s

BEFEOSIRILF—L—Y—XEEEREE-IEZTD LD5E
HRICHTAHAIETNILRIKDEE REZEL, M EZIRRTES. .



7 Uy TR / Using airjet

LRAIr: High Energy Synthetic Jets

1)

TROBS| ZEROMLHL

We developed a prototype actuator in order to
showcase the capabilities of this class of device.

B 7 A—AEFALERETRONE

Our contributions include:

e Adesign and model optimizing the acoustic
resonances in the system

e Small signal validation of this model

e Large signal measurements quantifying thrust
and flow velocity

e Psychophysical measurements showing the
low power capabilities of these jets.

KREZBAMICRIET 501757 LVARRT

TINA RDEBERIRRE
https://www.youtube.com/watch?v=ecQ1dIAIT-k Basic Study on Wearable Wind Display for Local Skin Stimulation
(HS2022) C. Shultz, C. Harrison, LRAIr: Non-contact Haptics Using Synthetic Jets ~ tes/kal-

_ lab.jp/ja/index.php?plugin=attach&pcmd=open&file=wind_VR2008.pdf&
*EE]% + I?Faﬁ O ‘vJ: L) gﬁuﬁllmé%;ﬁo refer:QubﬁcationS

https://dl.acm.org/doi/pdf/10.1145/1690388.1690399

(CHI2024) Expressive, Scalable, Mid-Air Haptics with
Synthetic Jets, Vivian Shen, Chris Harrison, Craig Shultz
https://www.youtube.com/watch?v=KnCtUPeWucA
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How to present tactile feeling?

Macro roughness
(Uneven, Bulky)

Fine roughness
(Rough/Smooth)

. ) ) Hardness
Tactile Dimensions (Hard/Soft)

of Material Textury

- 5 Friction Warmness <
- (Moist/Dry, (Warm/Cold)
Sticky/Slippery)
B B R B (B R )

ZERERE ()

KE, EAX, IUH MENTIRAFrOMERRTHERICET S KSR, TVRSJI2011

o FRERII RIS, AN, EE, BB EE. TSNS,
- DR -BRILERMEZEERALANILIZEITFSS,

« Tactile feeling is composed of macro/fine roughness, hardness, friction,

and warmness.
« Record & replay of tactile feeling has big potential.
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C*

KE, BA, WA MEMTIAFYOMERRTERICE T SHEEMA,
TVRSJ2011

DR . AE—H/ Audio speaker is ideal

»
>

ZE R EIR B (A S)

¥ i fE EZ?!I(F‘%:EF‘)

Macr%ughness

. Uneven, Bulk

Fine roughness ( )
(Rough/Smooth)

Hardness
(Hard/Soft)

actile Dimensions
of Material Textures

Friction
(Moist/Dry,

Sticky/Slippery)

Warmness
(Warm/Cold)

T LE—A&, LRAKXTLTJZZ\}IAF"&‘)J%01@"55‘60)0) (LD JEW P
B, Arbitrary frequency / amplitude can be replayed.

EXE RIXFIEA —T 4477, Audio system can be utilized.

A Sk, FiTPacini/IMAD R Z D (D3I 22 Faﬁﬁﬁﬁﬁﬁ@ﬁb\)ﬁi
T 2 RS 32 (AU ZE RN RO bRl o7 A e
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Acceleration sensor inside

P

sensor Speaker

Users hold speakers with their hands and an
elastic band around the speaker cone seals
the air between the palm and the cone.

Y. Hashimoto A Novel Interface to Present Emotional Tactile Sensationto = =
a Palm using Air Pressure, CHI2008 1

1Hz ~ 2Hz 8 OIRE b iR TE D728, FIZIT AL BB TE S, A
E—H72FTMADE—HDOZEREEE L7R0, AT D01 -
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Miniatualization of the speaker

KA A
- .
N | iEs
| BRI v
ForceReactorf& &

FHZE S ERE T OIRE) 1 LU TV O BRI

T AE—hLDHHZE SHEICB LD
- NECh—Fy . v NF T 72— (B T)
- WARKEEE A IREAE—F

- T Faz—RDIRZE TRLIEHD

- AlpsAlpine: ForceReactor=Haptic Reactor

- iR Rt EHEL TGE SN TS hD

- Haptuator (Tactile Labs)




Structure of HAPTIC Reactor (Alps Alpine)

. EE (L)

JADTiE/

https://tech.alpsalpine.com/prod/e/html/haptic/

E8hH m/s?

[V A

100 200 300 400 fiHz]

o WIRBENZ2DOD IR A DB BT ETIRIAVVEIRD 7] BE,

 Two resonant frequencies at different axes.

o LRAERE—HBT 7 F 2 T— XM, LRALHENBZEh, o

e In between LRA and high-fi. S



Structure of Haptuator mk2

=N
HRELY
A

BULSE

o WeRBIANZH @Y DO, Wh i

T Thib

o IANDIEWIFEIZEh R I RE R A E A,

o BEPALL TEA + .52V, AL

AT DT7280, HREIAD

HR P REV. SHIEAKITH N Dl R e TIXE .
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Devices using leakage flux from repelling magnets

Electric

Lorentz
force

Mistuki Manabe, Keigo Ushiyama, Akifumi Takahashi, Hiroyuki Kajimoto, "Energy Efficient Wearable Vibrotactile Transducer Utilizing
the Leakage Magnetic Flux of Repelling Magnets," in IEEE VR 2023

R R IA N7 H il B0, ff b 2wkt Tl

TIA VDRI 3 <t sl D3 H .

Magnets are connected with opposite polarity to allow the
magnetic flux to penetrate the coil.

The magnetic flux efficiently penetrates a large area of the coil.




Ak -Similar Structure: “Simplest Motor”

.pu\u W

e gt

BN SIERRER

W
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W Lk

R (V=T ) BE—=XEL THA R BL DR,

o HAEIM+ RA DU LA IR THENE T, B3 X,
o JKDHDiEME R EID RN T TEDEE T, gkl KI5,
o ERRIIN-ZTLL ‘aﬁﬁﬁ%fﬁ% Haptuator Mk2&[RIUREE , fe o
BIAANZ Bl d 5. S

\



DCE—XIzLAHEEEE R/ Vibration by off-the-shelf DC motor

V. Yem, R. Okazaki and H. Kajimoto, "Vibrotactile and Pseudo Force Presentation using Motor Rotational Acceleration." Proc
of IEEE HapticsSymposium, Philadelphia April 8-11th, pp. 47-51, 2016.

Tactile actuation using DC motor — Rotating Motor Actuator

Max pLanck srirure G0

Design of Rotating Motor Actuator:

Output Response:

Housing Rotor

DC motor

(s o ' T
ST

[\
B — H
f Screw connection ° o ' .. o
§ |

. \

!

|

]

Instrumentation System:

Vin
=
= —
m == -

Skin

Adhesive tape

!:/I._Manab_e, K. Ushiyar_na, A._Takahashi, H.' K_ajimoto, . R. Gourishetti, K. J. Kuchenbecker, Evaluation of Vibrotactile Output
Vibrotactile Presentation using a Motor within a Housing and

Rotor Fixed to the Skin,” Proc. IEEE World Haptics Zogw{a;&;fgrngMfgr Actuator, HS2022

Conference, 2021.

o HEE—AIEOLBLD e E AR R R R IR TE S, HJlild 2 8 12 E 3 IUSXE TR 7 big R TE S,

* Rotating motors can be used for high-quality tactile presentation without eccentric weights. If the output shaft
is also fixed to the skin, a direct current component can also be presented.
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Channel Dial

(CHI2019) Magnetact: Magnetic-sheet-based Haptic Interface for Touch
Devices, Kentaro Yasu. htips://www.youtube.com/watch?v=v5s1byAfocl

video image: NHK Creative Library

I—MREEARICEDFT Ly EOMBIRTR, hFAFRGE,

JYMIX6455-Jrkidpy | R ieviwyviegl L etxg$
JiihfegorXefdxstw® imwe

[ eglewrq ersxleq BZsipiviFswgliw?

1xtw3{ { { dsyxyfizysg 3{ exglCzAx0 ;g \SRJ
1

RTLYRDOTICEHA. BICHAZTIRYM TS

GLM45=-9 ekrixttwsssq frrmrkPJrkivar $
Xwegorkerhd etxggiihfegogsvEwyrhl
HizgiMxivegesr Niwwd) gMxswl @ eyrs

Wxslg inviNewsh®rffiWifewmerF svwrkd
Oewtivl.swrf , o
https://www.youtube.com/watch?v=-IBZ2xzx2jU

AX—r A VFOTOEHEA. HEICHE, Al
MERHIZLANS

Masa Ogata

CHI 2021

A Computational Approach to
Magnetic Force Feedback Design

Yuki Koyama

(CHI2021) A Computational Approach to Magnetic Force Feedback Design
Masa Ogata, Yuki Koyama https://www.youtube.com/watch?v=RovY0aoNBJ8
HWAICKSMBEREtOR#EL,

MagnetlO: Passive yet Interactive
Soft Haptic Patches Anywhere

Alex Mazursky, Shan-Yuan Teng, i
Romain Nith, Pedro Lopes E a

THE UNIVERSITY OF

CHICAGO

(CHI2021) MagnetlO: Passive yet Interactive Soft
Haptic Patches Anywhere

Alex Mazursky, Shan-Yuan Teng, Romain Nith,
Pedro Lopes
https://www.youtube.com/watch?v=hsCo3g2:lKy0
REBAICHAERDAH, fBICaML




R DY AT AT N

ixels is a fabrication pipeline for creating

S HCOTI A DE .
A Non-electricw%qmnging«i. [EY

P Kentaro Yasu =
kentaro.yasu.sp@hco.ntt.co.jp
NTT Communication Science Laboratories, Kanagawa, Japan

https://www.youtube.com/watch?v=JKuCthryzhA&list=
PLghXYFYmZ- _ o _
VdaPIMTEVH5K5brMDJCIfAN&index=66 https://www.youtube.com/watch?v=c4ewnWFIQAU&list

. . . . =PLghXYFYmZ-
(UIST2022) Mixels: Fabricating Interfaces using . B
Programmable Magnetic Pixels VdaPIMTFVH5K5brMDJCIfAn&index=93

Martin Nisser, Yashaswini Makaram, Lucian Covarrubias, MagneShape: A Non-electrical Pin-Based Shape-

Amadou Yaye Bah, Faraz Faruqi, Ryo Suzuki, Stefanie Changing Display
Mueller Kentaro Yasu

J055 LARLHEAE 7 ILE, TRO3MNCTSy WAL BB EEALIL L TLGEL A= OR

N » - IR a.j: - Bz
CERYR SN BRI AR TRRICMET 5,  ARIETAATL AR -
Programmable magnetic pixels are quickly produced Proposal for a simple pin-based shape-changing display

with an electromagnetic print head mounted on a using magnetic pins and magnetic sheet
commercial 3-axis CNC machine.




(CHI2024) MagneSwift: Low-Cost, Interactive Shape Display Leveraging Magnetic
Materials, Kentaro Yasu https://www.youtube.com/watch?v=YedLBJIPsGc

MagneSwift:

Low-Cost, Interactive Shape Display Leveraging Magnetic Materials

Kentaro Yasu
kentaro.yasu@ntt.com
NTT Communication Science Laboratories, Kanagawa, Japan




R T 4 A7 LA/ Thermal Display

Macro roughness
(Uneven, Bulky)

[ Fine roughness

(Rough/Smooth)
Tactile Dimensions Hardness
N=] - S (Hard/Soft)
| mngt oY+ *%ﬁﬁt Y of Material Textures
NIVF T EF -
Friction Warmness
(Moist/Dry, < (Warm/Cold)
Sticky/Slippery) =
m &
M2, 1

! X%, BA, ILE - MENT IR F O EBRTERICET 3
A | PR B, TVRSJ2011

AR ND2~3H B DEETIEMN
MERETEDRNGFHLMNY

»
il 2 to 3s temperature change is the key

to detect object property.
! Peltier device with temperature sensor
R RS IS used to reproduce the time course.

HEF AR EMEOREEEELLICEBLEMERMET ATILAARXDIRE. FHRBBHEHFER /X E(1994)
Yamamoto, “Control of Thermal Tactlle Display Based on Prediction of Contact Temperature,” ICRA2004
Hsin-Ni Ho, Modeling the thermal responses of the skin surface during hand-object interactions , 2008
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Quick & efficient temperature presentation

3 i - s @ 1
I'i,ln .LJ:'H \-.. | .
None Warm Cold None

Stimuli r—— .
[]Warm adapting stimulus
Adapting Warm Cold Adapting D{Zﬂld adapting stimulus
o . Warm stimulus
None Warm Eﬂld None

Katsunari Sato and Takashi Maeno: Presentation of Rapid Temperature Change using Spatially Divided Hot and
Cold Stimuli, Journal of Robotics and Mechatronics, Vol.25, No.3, pp.497-505 (2013.6)

ﬁ ENILTFIRFRAVWTRAZRETR. amiE ’Eﬁ‘"z:ULT& RMNBFELREIR,
MODDRFEAPLTRFERITHIETHIRIE, 75\’3 D SR TR TAAEE,
BEZDLDTRHGEIER ST DAHZERTT HZETLIRILE, BREIE,

Peltler devices are often used to present hot and cold. If hot and cold presentation is repeated, haat
accumulation occurs. This problem is solved by (1) separating the heating and cooling elements
and (2) presenting not the temperature itself, but only the components that change.



= DJEEEfIE s~/ Thermal Projection

RGB projector cal ¢ di p

m

RGB projector

»

0

IR pro;ector |
|

Daisuke Iwai et al., Non-Contact Thermo-Visual
" Youlube Augmentation by IR-RGB Projection, 2019 IEEE TVCG

FNTODHATREEFRS. Project thermal sensation by IR projecto

\//I

Satoshi Saga. HeatHapt:Thermal-Radiation-Based Haptic Display. In
Proceedings of AsiaHaptics 2014, 2014.
https://www.youtube.com/watch?v=EoWfFpsEpqgs&t=41s

Ultrasound

Phased Array Ultrasound

Ultrasound Focus

lommra) Mist phased array

5 L L 1
LH Natal

[0 watermist 7N\

= e

Mist Tank E |
] Cold Spot  FEHESEE ¢
Air Flow 2
Duct Hose
Nakajima et al., Remote Cooling Sensation Presentation Controlling Mist in

:w’ldalrlt'm PrZO()Cé()ZOZO [EEE/SICE International Symposium on System Nakajima et al., Spatiotemporal Pinpoint Cooling Sensation Produced by
ntegra 'o.n, : . . Ultrasound-Driven Mist Vaporization on Skin, IEEE Trans. on Haptics 2021

EHBERICESIRNOMEE AV TRE (HE) £IRR. SR L PRI L BT (D ooy R o b oA BT A .

Presenting cool sensation by mist conveyed by ultrasound.



=D JEE e <~ Thermal Projection
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Shutters
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IR
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.ro\ 8 Radiation
094 Guiding
o Hood

http://asiahaptics2022.com/upload/202212/12/202212121719307788.pdf
(AsiaHaptics2022) A Non-Contact Thermal Display by High and Low Temperature
Radiation Sources

Yuichiro KUME, Tota MIZUNO and Rio YONEZAWA

HENSDBEEIZEH>TRR PV TILENITIL, ARLIRBRTES,

Presented by radiant heat from a heat source. Simple but realistic. Can also present
cold sensation.




E{E‘f@’f B%H@%ﬂ_‘_\‘ (CHI2020) Trigeminal-based Temperature Illusions

Jas Brooks;Steven Nagels;Pedro Lopes

trigeminal-based temperature illusions

jas brooks, steven nagels, pedro lopes

N

® CHICAGO

https://www.youtube.com/watch?v=rEYslUk7bgk
BIEEORICH T ATV EF AT =2 15, RITE




Chemical Haptics

| &
.,rj
B/ |EEE Haptics Symposium 2022

Chemical-induced
Thermal Grill lllusion

Takumi Hamazaki, Miku Kaneda, Jianyao Zhang, Seitaro Kaneko, Hiroyuki Kajimoto

Jasmine Lu, Ziwei Liu, Jas Brooks, Pedro Lopes, Takumi Hamazaki, Miku Kaneda, Zhang Jianyao,
Chemical Haptics: Rendering Haptic Sensations via Seitaro Kaneko, Hiroyuki Kajimoto : "Chemical induced
Topical Stimulants, UIST2021 Thermal Grill Illusion", IEEE Haptics Symposium2022

, _ : b Technical Paper, March 21-24, 2022
https://www.youtube.com/watch?v=2nppa8iAMzg&list=P ! !

https:// ] tube. /watch?v=1yRpwHUPeK
LghXYFYmZ-VeKUIuttbQWomTQ-oXF6PLf&index=43 PSR OUEIDE COMANERER V= L DIt

EEEBEE-TRYE, AY. BY. ERESEETY . FLOAITOMERTFE.
RRFRE IO NI EENGTRENEONS,
Using chemicals to present sensations of warmth, cold, pain, numbness, etc. This is a

new type of tactile sensation presentation method. It takes a long time to present, but
steady sensation can be obtained.



HMD & G e/ HMD and temperature presentation

—~~ (CHI2017) ThermoVR: Exploring Integrated
Thermal Haptic Feedback with Head Mounted
Displays

Roshan L Peiris, Wei Peng, Zikun Chen, Liwei
Chan, Kouta Minamizawa
https://www.youtube.com/watch?v=kNXgA9xDwCo
HMDIZIE & (SR B SE) 2 5. ER I B

Telexistence S%stfm
etup

Omni Speak:

(CHI2018) Ambient: Facial Thermal Feedback in
Remotely Operated Applications

MHD Yamen Saraiji, Roshan Lalintha Peiris, Lichao
Shen, Kouta Minamizawa, Susumu Tachi
https://www.youtube.com/watch?v=Ewe2X663NNE
TLAT DRV RARETHDRERBEGELZRIR

- \%
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Saito et al. Thermal sensation presentation to the forehead using electrical stimulation: comparison
with other tactile modalities and polarity effect (WHC2021)
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« Electrical stimulation oceasionally produce a cold sensation. High correlation with
pressure sensation, low correlation with vibration sensation.
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How to present shape information?
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Flne roughness
(Roughmeocth)

J/LU\ . . . Hardness
| Tactile Dimensions (Hard/Soft)
£ of Material Textures '
s
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% Friction Warmness

£ (Moist/Dry, (Warm/Cold)

Sticky/Slippery)
B[ R B (TG & &R D) K, B, WE:ME TSR T+ O EEITERIZET HHZEE R, TVRSJ2011
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Xmen,2000 https



PopUp(Nakatani et al, 2005)

By -
A |

SharpPancl
T — IR

Coil-Type SMA (Shape Memory Alloy)
Extremely thin and large stroke
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FORM (Sean Follmer,
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(UIST2017) NormalTouch and TextureTouch: High-fidelity 3D Haptic Shape Rendering
on Handheld Virtual Reality Controllers, Hrvoje Benko, Christian Holz, Mike Sinclair,
Eyal Ofek

!

https://www.youtube.com/watch?v=KhbUg3 3TOl

INRANIURTRIDMEFIDE T A AT VA e 5. — DIMASZ iR, O — DI X017
SHARETHE R JUTPERDIRB 7 IV ISR FIen TETE.




[s Actuator really necessary?:SandScape
(Yao Wang et al., 2002)
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http://tangible.media.mit.edu/projects/sandscey




SEGA Z—T297x1X(2015)

https://www.youtube.com/watch?v=IKR4BDuwZIU
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What is essential for bump sensation?

Force-masked bump Force-masked hole
with control virtual bump with control virtual hole
(condition 6) (condition 7)

F
b Physical surfaces _/\. , >y -
Fox Fox ' _v

F

px Force-masked bump Force-masked hole
with aligned virtual hole with aligned virtual bump
Physical bump (condition 4) Physical hole (condition 5) (condition 8) (condition 9)
c a b Subject'i‘ﬁnger
Flat surface Curtain
Plat
Fox 7 e
1 0] I r—— Plate HaptiC <= Load cell
F_= interface Shim «=Frictionless joint
px
j ~ Wheel
Virtual bump Virtual hole Ho l
(condition 2) (condition 3) t t t
Table Physical Fixed Physical
d surface reference surface

YA _ ] EAEFYBOMM=EARON A (TL—%) 1&
NS HABDIRARIEVSFADY,
Force-masked bump Force-masked hole rﬁg:{ﬁj J: L} :E, r jj JE@?& L/'C H-Z)lﬁ %u ﬁ% L,'CL \
Do

Gabriel Robles-De-La-Torre & Vincent Hayward: Force can overcome object geometry in the perception ot sfiap=s
through active touch Nature 2001.



] Rz & o C R BRI A(2/3)

What is essential for bump sensation?
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RERZMBERDFENHNY:
BROHEZ 1> >HEDES

Maarten W. A. Wijntjes, Akihiro Sato, Vincent Hayward, Astrid M. L. Kappers
Local Surface Orientation Dominates Haptic Curvature Discrimination, Trans. On Haptics, 2009.
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What is essential for bump sensation?

B 1: fIEEICESD (a): 1 4AE « (b): 1 MERTE. B 2: MEEICES (a): 1O+ (b): 1 MERTE.

ZEHREERICLAIREHGZHEMREDIRT, EANDIRRMIE 1ZEA 57 M HEEN
i<H B,

ZEH. HFIF. $5K, % EP. A, VRSJ2023, 1A1-09
iR I C LD EARIZHITDEE IR T HIEMALE DB
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Satostf®aga, Koichiro Deguchi
Tohoku University, JAPAN

Http://www.voutu be.com/wat?v=Prq9-uJSqSE

IEIA , BTN ERAWN25RTMBET A RTLAIZE T HEEMMMERIRRFIE, VRERKR2011



Passive type Horizontal Display
B IRENC X DEEBLR B LD T,

Controlling friction coefficient by ultrasonlc vibration

A7 A —Z5h R im P PR B TR D A 95
Squeeze effect: friction is reduced by high freq. vibration
BRI EHA S DR BEEREBODRE R hE

Combined with pos. sensing, friction distribution is displayed.

Nara et al., “Surface Acoustic Wave Tactile Display”, IEEE CG&A, 2001.
Winfield et al., “7Pal: Tactile Pattern Display Through Variable Friction Reduction’, World Haptics Conf. 2007



Passive type Horizontal Display
AN [t d = X S DL GR I AE

Using adhesion between skin and electrode by hlgh Voltage

el o A

Kaczmarek et al., “Polarity Effect in
Electrovibration for Tactile Display,” IEEE Trans.
Biomedical Engineering,, 2006.

Olivier Bau et al., “TeslaTouch: Electrovibration for
Touch Surfaces,” UIST2010




TeslaTouch (2010)

https://www.youtube.com/watch?v=3I3MDNZk-3|




[Haptics Symposium 2016] eShiver: Force Feedback on Fingertips through
Oscillatory Motion of an Electroadhesive Surface
Joe Mullenbach, Michael Peshkin, Ed Colgate

-

Position

Micrometer
Slide

Load Cell

Phantom Finger

Anodized
Aluminum Plate

g

Electromagnetic
Shaker g

Displacement © 2
Sensor Prabe |

.' Fig. 4. eShiver Experimental Apparatus.
High Friction Low Friction
—
Time

HEROMET(RTLAEKERBSY, RBLANL CERRMEELIEIILT,
ARIZNEELSES. DEYZVFARLTONEERT. .



Drive module & Gear covers
(intact)

Torsional ¢ Attachment to
spring kinesthetic device

Bearing

R. J. Webster lll, T. E. Murphy, L. N. Verner, and A. M. Okamura, “A novel two-

dimensional tactile slip display: design, kinematics and perceptual experiments,” N. G. Tsagarakis, T. Horne, and D. G. Caldwell,
ACM Transactions on Applied Perception, 2005. “Slip aestheasis: a portable 2d slip/skin stretch
R—ILZ2BHERE, BEOIVRAD LI display for the fingertip,” WHC2005

VITFSTIWNEALTTR) TR

The Slip-Pad: A Haptic Display Using Interleaved Belts to
Simulate Lateral and Rotational Slip, WHC2015

RNILVNTRY) T RBRER RS HEBEEXY2BHETERLIZ. S5ICT
KELTRNILNMZZHONER T THMEZRLPILTLS.
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Macro roughness
(Uneven, Bulky)

- —~—— }

Fine roughness
(Rough/Smooth)

. ) X Hardness
Tactile Dmensions (Hard/Soft)

of Mateyial Textures

Warmness )
(Warm/Cold)

KEF, BEAR, LB MENTIAFrOMERRTERICET SHFEEIR, TVRSJI2011

Friction
(Moist/Dry,

Sticky/Slippery)

BIKBRD AT, ERIGEEZESH -t 5 ETStick-SlipRZFED
REIREEE TIR? EIﬁbL
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Macro roughness
(Uneven, Bulky)

[ Fine roughness

(Rough/Smooth)
_ . ) Hardness
Tactile Dimensions (Hard/Soft) J
of Material Textures
Friction Warmness
(Moist/Dry, (Warm/Cold)
Sticky/Slippery)

KE, EX, WH - MREHTIRAFrOMERRTHERICET HHEEIR, TVRSJ2011

DHMICENRBRREE T AR ZF I \DEHZ:
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Figure #&: The prototype CASR display.

EMEBEOELZHRIHIETELNSEIRRTED

Macro roughness
(Uneven, Bulky)

Hardness
(Hard/Soft)

Fine roughness
(Rough/Smooth)

Tactile Dimensions
of Material Textures

Friction
(Moist/Dry,
Sticky/Slippery)

KE, FA, WA MEHTIZATFY
DO ERRTEAICET SHEEM,
TVRSJ2011

Warmness
(Warm/Cold)

G. Ambrosi et al.:The role of contact area spread rate in haptic discrimination of softness, ICRA1999
K. Fujita et al.: A new softness display interface by dynamic fingertip contact area control. SCI12001.
M. Bianchi et al:A new fabric-based softness display, Haptics Symposium2010
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[HapticsSymposium2016] Measuring Tactile Cues at the Fingerpad
for Object Compliances Harder and Softer than the Skin, Steven C.
Hauser, Gregory J. Gerling

. A D
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[HapticsSympo2016] Extension of an Electrostatic Visuo—Haptic

Display to Provide Softness Sensation
Taku Nakamura, Akio Yamamoto

Conceptd@i@lfimage

Softness Lat. force
Pressing Sliding
1motion motion

Friction by Electroadhesion

HEREMARRTEE TERONSRELGOINKHEGERBTHI FEZER
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Relationship between Hardness and curvature

%@bC@ﬁTZﬁOO)%ﬁﬁE@ U E S T TRRAVAR
« o7, fRERICH T§$I‘ﬁi{*é‘f)(ffﬁﬁﬂﬁgéﬁhm:rﬁb‘q:ﬁJ%iE{IﬁT%%TA&ﬁO

e The boundary between two elastic spheres colliding at constant velocity is a plane. If we make

the elastic spheres move in opposite directions at the same speed, it may be felt as a plane.

« M. Takeuchi: Presentation of a hard surface via a soft moving ball, Work-in Progress, Haptics Symposium 2020
« M. Takeuchi : Modulation of Curvature of Soft Ball by Facing Motion (WHC2021)
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Relationship between Hardness and curvature

Surfaces with
finger-sized concave
feel softer

Koki Inoue®, Shogo Okamoto T,
Yasuhiro Akiyama®, and Yoji Yamada®

* Nagoya University
T Tokyo Metropolitan University

https://www.youtube.com/watch?v=XGFXBV1LByo&list=PLXRBbyxY9IBXRWi-ctDgVVFgQNDCxZ7CMq&index=4

« (HS2022) K. Inoue, S. Okamoto, Y. Akiyama, Y. Yamada, Surfaces with finger-sized
concave feel softer

« MEICHLEELMNRELD
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How to produce High-resolution Tactile display?

ZEREE R (A )

o)

o B PR 3R (W 25 )

o INFETHIIITETEL, THE—ARLEF NTHL Ttk ZH <550,

o (EHUEIZSORD) mihre/e ) Rie n i (PHANToM) THH R Dk 7%,
wearablefb, portablefbL 7z, ERAZLLTE S,

o  HLEMREHREZ NDPERDAL NIV TR0, 56D H O 2L b e
N TEIRNEVTRY,

« Until here, most tactile displays are for “the whole finger”, but higher-
resolution tactile information is required for precision tasks. NS




Pin matrix drive

o

PimPad: Touchpad Interaction
withrFastand High-Resolution Tactile Output

Jingun Jung, Eunhye Youn, Geehy

https://www.youtube.com/watch?v=B8UshkVpuAE 8X8:1:“/]‘0).§'§|Z@'} (%/ﬁmmﬁa@{#ﬁq )

CHI2_017 PinPaq: Touchpad Interaction with Fast and High-Resolution Sugarragchaa Khurelbaatar, Hirovuki Kajimoto. Tactile display
Tactile Output, Jingun Jung, Eunhye Youn, Geehyuk Lee combining electrical and mechanical stimulation. EuroHaptics'16 WIP

O KEDRMBEM R T 7 FaT—RDINSE, KID

e —

®Numerous, dense arrays—Actuator needs to be small and cheap.




ﬁﬂ'u' _\\417 l/’f/ngh resolution tactile display

11|I||I.I. II1 “!I " |I |I I |I_| _Illu'

Plorne 4

Piane 3
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[.H. Killebrew et al., “A Dense Array Stlmulator to Generate Arbitrary Spatio-Temporal Tactile
Stimuli,” ]. Neuroscience Methods, vol. 161, pp. 62-74, 2007.

L0 . BRIDY =77 7 F 2T —&, DC~300Hz, 0.5mm [E]E A
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Optacon: Vision-Tactile Converter (1976)

Braille Display (Optacon), Linville 1976

https://www.youtube.com/watch?v=ghsXhqu8FCY

https://en.wikipedia.org/wiki/Ontiaczn

o \\:
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e« Horizontal Vibratio

n is achieved by piezo drive. High density

and compact system is achieved by this simple structure.
Hayward, Tactile display device using distributed lateral skin stretch,” ASME, DSC, 2009.
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Simple Actuation by Heating Wire

Vibration [SRApEIORy ol
1 @=0.05mm
=
' L =5mm
Insulator __ .
¢ =3mm

L J
Imm

Input Signal
(0.5-300 Hz)

e Actuators

I ¢ 25um Nichrome Wire, Heated with Pulse Fukuyama (2009) Tactile display using the vibration of

SMA wires and the evaluation of perceived sensations

« Very thin Nichrome wire can be elongated by heating. Can also quickly shrink.
« Similar phenomenon observed by SMA wire, but not necessarily SMA.
« Heating phenomenon = Smaller the quicker. Good for small tactile display B

\

N



2D Matrix

Hiroyuki Kajimoto, Lynette Jones: Wearable Tactile
Display Based on Thermal Expansion of Nichrome
Wire, IEEE Transaction on Haptics, pp.257-268,

2019 8 by 4, 1.2mm interval. Up to 320 Hz vibration.




(CHI2023)Flat Panel Haptics: Embedded Electroosmotic Pumps for Scalable Shape Displays
Craig Shultz, Chris Harrison

Flat Panel Haptics

Embedded Electroosmotic Pumps
for Scalable Shape Displays

Craig Shultz Chris Harrison

FUTURE
INTERFACES o . .
w GROUP Carnegie Mellon University

SEEICLIRAIZZFHEAL. 300VIEEDEX DM THNIE DEFEIZRIEEE T 5,
https://dl.acm.org/doi/fullHtmI1/10.1145/3544548.3581547
https://www.youtube.com/watch?v=j rErbhxNFM




(UIST2023) Fluid Reality: High-Resolution, Untethered Haptic Gloves using Electroosmotic Pump Arrays

Fluid Reality

High-Resolution, Untethered Haptic Gloves
Using Electroosmotic Pump Arrays

Vivian Shen  Tucker Rae-Grant  Joe Mullenbach ~ Chris Harrison  Craig Shultz

H ::NUTTEURRFEACES F L U’ D ] (l\;/‘l(:;l‘{(l)(;?le

GROUP REALITY University

AR DRETVRASI O—JELI=2D
https://www.fluidreality.com/




EAURIN SIS S A, AR —R, (ETRD/
Electrotactile display can be high-resolution at low cost

¢  THEIEWVZIFEVEY,

o ZOHHIIYEIIH A ERICESE R T o R (P EMTEIBL TR 2
HanDTEE)) ZIRIEL TR IE 2 ECSETNDTED.

o MITE 2, BRI Z B AR RS T 57 OIZiE, MBI A EZ T
THY#E, BT MEL TWDAERHY, PFZEREEL TR,

« Small, robust, no mechanical resonance, no noise, low power.

* Yet, many consider Electrical Shock not appropriate for daily use. U



(UIST2023) Double-Sided Tactile Interactions for Grasping in Virtual Reality
Arata Jingu, Anusha Withana, Jiirgen Steimle
https://www.youtube.com/watch?v=GegNTaqLshM

Double-Sided Tactile Interactions
for Grasping in Virtual Reality

Arata Jingu, Anusha Withana, Jirgen Steimle

SAARLAND
HCI Human Computer  [JN|VERSITY
< Interaction Lab -
> COMPUTER SCIENCE

BT W A TOTE THIE TORAM A TESD

Double-sided electrotactile achieves index-finger and thumb stimulation.



(CHI2024) Designing Unobtrusive Modulated Electrotactile Feedback on Fingertip
Edge to Assist Blind and Low Vision (BLV) People in Comprehending Charts
Chutian Jiang, Yinan FAN, Junan Xie, Emily Kuang, Kaihao Zhang, Mingming Fan
https://www.youtube.com/watch?v=-NfjlI338g8

Direction Perception

« HEOIMO RIS § B o TR L I

e Presentation of directional information by finger-side electrotactile stimulation.



IR T 7 a—F L EWefiio
Practical Approach using Real Objects

SpinOcchio: m

Understanding Haptic-Visual Congruency of Skin-Slip
in VR with a Dynamic Grip Controller

Haptic Revolver

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

Eric Whitmire', Hrvoje Benko®, Christian Holz?, LS NbAE A Kine
Eyal Ofek’, Mike Sinclair® A \I:J\’:T: :::ng
b i \T Michel Pahud
Mike Sinclair
Andrea Bianchi
*dkmj@kaist.ac.kr
'Paul G. Allen School, University of Washington . {
jileRliissearch, Redmond CHI"’Q, m‘\ MAKinteract KAIST Microsoft Research
(CHI2018) Haptic Revolver: Touch, Shear, (CHI2022) SpinOcchio: Understanding Haptic-
Texture, and Shape Rendering on a Visual Congruency of Skin-Slip in VR with a
Reconfigurable Virtual Reality Controller, Eric Dvnamic G?i Conxrroller M unp Jin Kim. Neun
Whitmire, Hrvoje Benko, Christian Holz, Eyal Y . P . yung o 9
. . . Ryu, Wooje Chang, Michel Pahud, Mike
Ofek, Mike Sinclair . . . .
Sinclair, Andrea Bianchi

https://www.youtube.com/watch?v=QId0dNOp8 ) _
P4 &list=PLahXYFYmZ- h’r’rIps.//www.you’ru be.com/watch?v=kpO | cDUL
VcAoFsLTdHIhF26 jsFkvs2B&index=153 ap-

AE. ABEES EBRMERT) . EMeEI LT 7ILMRERT,
Encounter-type tactile presentation using cylinders and disks. Realistic
tactile sensations are presented by using actual objects.




(CHI2019) Enhancing Texture Perception in Virtual
Reality Using 3D-Printed Hair Structures, Donald
Degraen André Zenner Antonio Kriiger
BBNETIRAF v DRME, RoNEAYDT I A F v +VREE
TR,

Roughness

Level 3

[

and renders multilevel roughness by altering those hairs’ direction.

(CHI2021) HairTouch: Providing Stiffness, Roughness and

Surface Height Differences Using Reconfigurable Brush Hairs on

a VR Controller, Chi-Jung Lee, Hsin-Ruey Tsai, Bing-Yu Chen
https://www.youtube.com/watch?v=41t0O-zszrfY
MNEBNDTSVDOEREEIETELIMIE LA,

KEMDOT 7 X?V%’f@’) / Usmg real textures

(CHI2021) TexelBlocks: Dynamic Surfaces For Physical
Interactions, Chan et al.
https://www.youtube.com/watch?v=KYI80gbFclc

RIVFAIRTHARTTIRAF v 2ZEL 5,
\‘l Smooth as Steel Wool

Effects of Visual Stimuli on the Haptic Perception of Roughness in Virtual Reality

% Smooth as Steel Wool

Effects of Visual Stimuli on the Haptic Perception of Roughness in Virtual Reality
T W 1
s Mok, Max M

Sebastian Gnther, Juian

(CHI2022)Smooth as Steel Wool: Effects of Visual Stimuli on
the Haptic Perception of Roughness in Virtual Reality
Sebastian, Giinther et al. RE X D@ESRRETIX, Y7L L#ER* =
A3ICIE, 2RI HNIE+D L DR,
https://www.youtube.com/watch?v=h0FQZQ26uoU&list=PLghXYFYmZ-
VcAoFsLTdH9hF26jsFkvs2B&index=136




%%@@ﬁﬁk%’é’f@’)/ Using real soft material

S. Follmer et al., Jamming user interfaces: Haptic displays based on magnetorheologlcal fluids: design,
programmable particle stiffness and sensing for realization and psychophysical validation (2003)
malleable and shape-changing devices, UIST2012 https://ieeexplore.ieee.org/document/1191217

—— T— o

JEEURACel SR eRolpresent the gr'adualdyamlc_transr -
B e A and Vice vereany

Matoba et al. : ClaytricSurface: An Interactive Surface With Stanley et al. Haptic jamming: A deformable geometry, variable
Dynamic Softness Control Capability, ACM SIGGRAPH stiffness tactile display using pneumatics and particle jamming,
Emerging Technologies, 2012. World Haptics Conference 2013.

UxIV T BIGOREME A2 V. OSBRI LS ED
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Mini Test. Submit in one week
YT DOLETIZI00F LN E THRE R X Answer all questions within 50 words

AT RO B ENZOWTHEBHE X Explain role of Merkel cell

<A R F—/IMEDORENZHOW T BB X Explain role of Meissner corpuscle.
IRF = /IMED R ENZHOUVTEEIHE X Explain role of Pacini corpuscle.

VT 4 =FRERDBEENZHOUWTEHEHE X Explain role of Ruffini ending

B R DR AT OV T X Explain mechanism of thermal sensation.
fak 52 DA BLEBENZHOUVWTEHEBIE X Explain tactile apparent motion

fi B DPRPEEL ST DOWTHEBHE X Explain cutaneous rabbit.

77 bt — a3 il O TEIHE X Explain Phantom Sensation
NNARYPAY 22— 3N DN TEBHE X Explain velvet illusion

10 P —=< V7 7LIUTON TR X Explain thermal referrel

11. == N7 INAV2a—T 3 NZHOWTaiBHE X Explain thermal grill illusion
12. DS B ZEITHOW T BHE & Explain five dimension of tactile feeling

S N e e
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Report: Try some tactile illusions

BEETHIAUICLL F O RBIL 2 RBITRR T 5, LAR—NTIMEBRO D%
H2#E, fEREIRRS, (BIZIXEDIIRSEM T RAHT o)

- NARYMER QADRETHLZ 7 YR THEN)

- Fishboneg &

- Thermal Referral

Experience the following illusions introduced in class. In your report, you will include pictures
of your experience and describe the results. (For example, under what conditions were the
illusions more likely to occur?

- Velvet illusion (you may use either two strings or racket)

- Fishbone illusion ‘ =

- Thermal referral X



