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Haptic Sense = Proprioception + Cutaneous Sense
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SBHMFE  HEDEERE .,/ Today' s Talk focuses on skin

TODAY’s TOPIC

1. Skin Sensation Mechanism
2. Tactile Perception & Illusion
3. Tactile Display

4. Tactile AR
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*Densely Populated at 0.7 - 0.9mm depth.

*Sense Static Deformation.

*Pulse Frequency is Proportional to Deformation.
*When activated, Pure Pressure Sensation is generated.
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*Densely populated at 0.5 — 0.7mm depth.
*Sense Low Frequency Vibration (15-100Hz)
*Has Resonant Frequency (30Hz)

3 N
*Pulse Frequency ~ Vibration Frequency

Single Activity Generates “Flutter” Vibratory Sensation
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*Sparsely populated at deep region (2mm~)

*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 speaker
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*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
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BEHMZRBZDORENSE
We only see through narrow slit
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‘tio

Temporal
Resolution

RAV L BRAH, RIS

We combine “Spatially Fine, but Temporally Rough” sensation and “Spatially
Rough, but Temporally Fine sensation.
In other words, we “see” the world through very narrow slit.
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Skin Structure and Mechanoreceptors
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*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

Gregory J. Gerling. “Fingerprint lines may not directly affect SA- mechanoreceptor response.” Somatosensory and Motor Research 2008.
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Shape is mainly coded by Merkel Cells
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Frequency is mainly coded by combination of receptor activities.
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If the vibrator size is small, high freq. threshold rizes, because “spatial
summation effect” of Pacinian corpuscle is reduced.
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Glabrous part Hairy part
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Free nerve ending near skin surface (C fiber)

O T ERE A LB M Temperature sensation by two fibers.
o : S8 LA T AV MM L CHliHE HYB 24 Pain sensation by two fibers
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Activated by low frequency vibration, substituting Meissner corpuscle
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1. Skin Sensation Mechanism
2. Tactile Perception & Illusion
3. Tactile Display

4. Tactile AR
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Tactile lllusions
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®Barber Pole llusion

®ZDEA (Motion Aftereffect)

® [RIFEE)

0D Y AVE—Y 3V (Funneling)
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RERARBICLDMES.
Recent works revealed new tactile illusions
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Tactile lllusion similar to vision: Apparent motion
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Tactile lllusion similar to audio: Phantom Sensation (Funneling)
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®Generated by short pulses
®lmage generated between
stimulators

®Position can be controlled
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Tactile Unigue lMusion: Velvet Nllusion

FVHEDE (TZR357 v RaE) Z@F TR,
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Sandwiching coarse mesh of a net, such as
tennis racket by two hands, and moves. Then,
smooth surface like velvet is felt.
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EWEHTRERENBERKICR TS HLEEREELD
Close presentation of hot and cold temperature generates pain
sensation.

ERE REEZREETIRAEERTHOILALRS
Used for the generation of pain sensation without skin damage.




ESO>THRT=h .~ How we knew?

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

ion of unitary isitive afferents,” Brain Res., 1981.

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)Identify Location and Type of Receptor by the Sound.

(3)Do Experiment on that Location.

TODAY’s TOPIC

1. Skin Sensation Mechanism
2. Tactile Perception & Illusion
3. Tactile Display

4. Tactile AR

R EEBEYTDICE
How to produce Touchable lllusion?

(MHF(DERME) ZHFHEE.Reproduce the World Surface
QR ENEREBEHE. Reproduce Skin Deformation
(B)ZRITEEHIEE. Reproduce Receptor Activity
(4)r iR EBZ B E . Reproduce Nerve Activity

Reproduce the World (Shape)

[

ALESUTATLART LR

Tactile Display for the blind

KykrE 2—DV-2
KGSHhAX &=+t

ORENHEERESTIFATI—ADINEE, RENE
®Numerous, dense arrays—Actuator needs to be small and cheap




Xmen,2000

X-men, 2000

FUHON T IFaT— =R az ?
Thinnest actuator = SMA?

Coil-Type SMA (Shape Memory Alloy)
Extremely thin and moves large
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PopUp(Nakatani et al, 2005)
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Lumen (lvan Poupyrev, 2005)

http://ftp.csl.sony.co.jp/person/poup/projects/lumen.html



http://ftp.csl.sony.co.jp/person/poup/projects/lumen.html

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

Thermoesthesia (Kushiyama, 2006)
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2 to 3s temperature change is the key
to detect object property.

Peltier device with temperature sensor
is used to reproduce the time course.

TR

‘Yamamoto, “Control of Thermal Tactile Display Based on Prediction of Contact Temperature,” ICRA2004

How to produce Touchable lllusion?

Reproduce the World (Shape)
Reproduce Skin Deformation

(1)
(2)
(3)Reproduce Receptor Activity
(4)Reproduce Nerve Activity

AVBS9TATLAT LR

Reproduce Skin Deformation

“Carpet is expensive. Shoes are enough!” Lets Wear.

Problem: How can the actuator be so small and dense? (again)

Actuator should dissappear?

/ > Ultrasound generates Static

{ -‘]ﬁ. \ I pressure

| ‘I‘u | —P' Iwamoto “Focused ultrasound for tactile
\ W/ feeling display,” In Proc. of ICAT2001.
\ / [TITTEETT Teeting display,
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http://tangible.media.mit.edu/projects/sandscape/
http://www.youtube.com/watch?v=fMwOSM_G1Ys
http://www.youtube.com/watch?v=CT4WZexTloo
http://www.youtube.com/watch?v=CT4WZexTloo
http://www.youtube.com/watch?v=CT4WZexTloo
http://www.youtube.com/watch?v=CT4WZexTloo
http://www.youtube.com/watch?v=CT4WZexTloo
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Although many researchers made “dense” tactile displays,
No one succeeded to reproduce “texture” sensation.

RE—XREDT AYUMNREDRETEEUNMN?
Horizontal “Slip” is Essential??

KEEMDER
Moving skin horizontally.
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Active type: actively drive skin horizontally.
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OZFMFih BERHERILL. RENBVTHHTHE
Passive type: friction coefficient is controlled, and
perceived by skin motion.
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VEREBIZRKS
Good for environmental type.

Active type Horizontal Display

*Horizontal Vibration is
achieved by Micro-Machine

Hayward, Tactile display device using distributed
lateral skin stretch,” ASME, DSC, 2000.

Piezoslactric
Actuator d,,
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Active type Horizontal Display
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Horizontal force generated by electro-static actuator

WA HERAIZLDEENHIHET L LBIHTFEANERESBRET T IBAVRER KR 2002.

Passive type Horizontal Display RS

PEREBICEIEERRELONE

Controlling friction coefficient by ultrasonic vibration

« R9M—ZXHR BRRRBTEEREAHDT S
Squeeze effect: friction is reduced by high freq. vibration
« BEEACHEAEHE. BEREFERORTATHE
Combined with pos. sensing, friction distribution is displayed.

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

TPaD(Laura Winfield, 2007)

TeslaTouch (2010)

Passive type Horizontal Display
EEEBLREODEIHIKRSIFIA

Using adhesion between skin and electrode by high
voltage

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

How to produce Touchable lllusion?

(1)Reproduce the World (Shape)
(2)Reproduce Skin Deformation
(3)Reproduce Receptor Activity
(4)Reproduce Nerve Activity

AB59TATLAT LY



http://lims.mech.northwestern.edu/projects/TPaD/index.htm
http://www.teslatouch.com/

ZRERHRIBEHRYTARTLA
Reproducmg Receptor Activit
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Depth Selective Stimulation by vibrators’ paired movement

Asamura,”A method of selective stimulation to epidermal skin receptors for realistic touch feedback,” IEEE VR, 1999.
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Reproducing Receptor Activity by Frequency
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Utilizing each receptor’s resonant frequency
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Konyo, “Tactile feel display for virtual active touch,” IEEE Int. Conf. Intelligent Robotics & Systems, 2003.

VTFHIRILT—BRICEBLE-ZERTHER
Reproducing Receptor Activity by Strain Energy

skin

q‘ F *
suction pushing
RIS J:él:T:EEE’Z/Usmg air suction
LB LT T, RERMUEBIZELDIEIRILF—HPRILSAER
B TEGLY
Suction and push produces the same amount of strain energy,
so that human cannot distinguish.

How to produce Touchable lllusion?

Reproduce the World (Shape)
Reproduce Skin Deformation
Reproduce Receptor Activity
Reproduce Nerve Activity

B

Makino “A cutaneous feeling display using suction pressure,” SICE Annu. Conf., 2003. {UBSHTFATYRT LR
BRI FYREBHEHR REREMSDETRIE

Reproducing Nerve Activity by Electrical Stimulation

b AR S N F= R \ PR AR

Sensation point Stimulation point

F g ITRILE—BhE AR SE 1L - IR DRIR
R MM YE LY ERFIHDRER

*Good point: Energy efficienty, no mechanical parts so
mechanical resonance free.
*Bad point: Stimulation point and Sensation point is different

Electrical Stimulation from Skin Surface

BRERHORBINZINSEMTIELTRE
EREBOWHRRE OHHER ALLRIRTIE

Electrical Stimulation from Surface: Stimulate Nerves directly.

If we can “Selectively” Stimulate the Nerves, we can generate ANY tactile
Sensations.

Just Like we make colors by mixing primary colors.

RAN EERERECRRMICRATIERME T RTL 11 BEFHHRBEFREE, 2001
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Stimulation to nerve bundle

oy

ARHIAARITR) O REE, HIEHLERICERE
BBLTEEICKDERTYELY.

R A&

*Matrix electrodes (holes) are embedded, and

nerve will grow into the holes.
AT MEE AR BB T 5HIR) RRASMLRAK, 1998

TODAY’s TOPIC

1. Skin Sensation Mechanism
2. Tactile Perception & lllusion
3. Tactile Display

4. Tactile AR
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MEARELTOENAZEE .~
Breast Cancer Checker as Tactile AR
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ZMA B CEZETE .~ Checking Breast Cancer

HBAAINDASTZRILICHETE L, READTIRAFYIKEE
FTREFOLIY(IEE. tumon)ZMETES
Rub breast through oil-contained thin plastic bag. The oil

reduces surface texture, and internal tumor can be observed

MEDAR: fitEa 290X
Tactile Contact Lens as Tactile AR
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il ® DAR.~ Tactile AR

Kajimoto et.al, SmartTouch, SIGGRAPH2003.
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SmartTouch(Kajimoto 2003)

Visual images ERpTIEE0 NS

translated intd ERETTERNToEMRTION,

ARE-AEEH
Vision-Tactile Conversion for the blind
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— Collins, “Tactile television - mechanical and electrical image
projection,” IEEE Man-Machine Systems, 1970.

ZE5|#B 4 : Forehead Retina System
2005~ (MR TATSRTSRED LR
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DEALSIREHHETRMYBA TS, 770
NTAVIBETHTHS.

Summary

*Until today, reseachers tried to generate realistic
tactile sensations. Partially, it was achieved. But not
yet enough (Not Hi-Fi enough)

*Tactile sensation itself has many unknown features,
especially about psychophysics.

*Todays tactile research is a combination of science
(why) and engineering (how). It is ideal for
researcher who want to be scientist and engineer at
the same time.
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