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Texture Discrimination and Quantification

New Value Creation in Future Applications
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Our Sense of Touch

Distributed Receptors under the Elastic Skin Structure

) Merkel Cells
Ruffini endings

Pacinian Corpuscles

Corpuscles in Fingertip Skin
(Darian-Smith. 1984)

All the Nerve Cells Sense “Vibration”
« Different Depth (Spatial Resolution)
» Different Speed of Response
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How Do We Feel the Surface Texture?
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| Roughness
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Friction

Central
Nervous
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Distributions of .....
« Surface Texture
* Frictional Force

« Hardness
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Tactile Sensors at Present

* Flexible Sensors (ex. Organic Semiconductors) for Wide Area Body Skin
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We Use Silicon as Texture Sensor Material

Silicon as an Electron Device Material

* |deal for Integrated Circuits
o Suitable for Strain Sensor ntel I
« Multifunctional Integration 4004 X

Silicon as a Mechanical Device Material

 |deal Mechanical Deformation
« Supple Structure by Micromachining
» Faster Response and Motion

Tactile Sensor Made of Silicon can Realize:

« High Spatial Resolution (~1um or less)

« High Time Resolution (~2kHz or more)

« High Signal Resolution (~10uN or less)
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“Basic Nano-Tactile Sensor”
Surface

t‘ Friction

Contactor tip

Surface Shape
Detector

Contactor
Sticking out Frictional Force

from the Plane Detectors
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Similarity: Single Fingerprint Sensor

Fingerprint Contactor Tip
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“Model of Fingerprint of Human™

I

| Detection
Structures

X23 Tmm 19 40 SEI

Nano-Tactile Sensor Device

T. Maeno et al. JSME C,
Vol. 71, No.701, pp. 245-250, 2005 Kagawa University CREST Project
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Similarity: Single Fingerprint Sensor
Nano Tactile Sensor Chips on Wafer

Y/ Friction Sensor

Shape Sensor \.

|

v Strain
sup
Sensor

Friction

Strain

Vout low
Force Sensor ! GND

Micro
Roughness
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Similarity: Single Fingerprint Sensor

Nano Tactile Sensor Chips on Wafer
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“Soft Cloth” Measurement

Device chip Cloth sample
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Tactile Waveforms on Plain Stich

Plain Stich
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Tactile Sense Obtainable in Submicron!
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Tactile Waveform on Human Hair

1. Before Shampoo 2. After Shampoo 3. Wash by a Soap

Covered by sebum Covered by Shampoo

Seriously Damaged
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The same hair sample is used
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Tactile Waveform on Human Skin
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1st-Gen.“Touch-Feeling Scanner”
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Structures of Paper Surface

\ /*”
RA - \x
15kV X500 50um 15kV X500 50pm
High Quality Paper Low Quality Paper
(Smooth and Low Friction) (Rough and Connective)

» Difference of surface appearance is unexpectedly small.
* Nano-Tactile Sensor can distinguish the small difference.
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Touch Feeling Data of PAPERs
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3000 4000 3000 4000 3000 4000

2500 S h da p e 3500 2500 S h a p e 3500 2500 S h a p e 3500
g 2000 M 3000 g g 2000 W 3000 E g 2000 3000 g
k) 8 2 8 i 2
[nL"h; 1500 2500 U ﬁ 1500 2500 I i 1500 2500 [
S ] g ] 3 ]
}E 1000 2000 1 }E 1000 2000 & l= 1000 2000 %‘_{
] AU A ] T B i vt A WA vyl 2000 W MWW M A A T B

500 H H 1500 500 1 1 1500 500 2 1 1500

Friction Friction Friction
0 1000 0 1000 0 1000
50 55 60 65 70 75 80 85 90 95 100 50 55 60 65 70 75 80 85 90 95 100 50 55 60 65 70 75 80 85 90 95 100
FEE I [mm] EHE IR [mm) FEZEIERE [mm]

3000 4000 3000 4000 3000 4000

2500 S h a p e 3500 2500 S h a p e 3500 2500 S h da p e 3500
E 2000 MWMWM’ 3000 g E 2000 M\/JWM’\J\WW 3000 g E 2000 3000 %
i@ 1500 2500 ﬁr“; ﬁ,@ 1500 2500 ﬁr“; ﬁ 1500 2500 ﬁ"}g
8 8 3 g X S
E 1000 WWWWMWW 2000 ﬁ E 1000 WMWMWMMMW 2000 ﬁ E 1000 2000 g&f

500 i 1500 500 % 1500 500 — 1500

Friction Friction Friction
0 1000 0 1000 0 1000
50 55 60 65 70 75 80 85 90 95 100 S0 55 60 65 70 75 80 85 90 95 100 50 55 60 65 70 75 80 85 90 95 100
EE IR [mm] FEZE I [mm) EEIER mm]

Japanese Traditional Paper Painting Paper Kraft Paper

3000 4000 3000 4000 3000 4000

2500 3500 2500 S h a p e 3500 2500 S h a p e 3500

= - = — = _
5 2000 3000 £ 5 2000 3000 & £ 2000 3000 £
S 3 8 3 3 3
e = = iy £
0
1 1500 S hape 2500 m‘; 1\,5 1500 2500 ﬁ‘fﬁ I 1500 2500 ﬁ‘l‘g
= ] R R £ B
i § & 4 5 &
1000 2000 G 1000 2000 R
i 8 i
i BB it E 1000 WWWWWJWWM 2000
500 F — 1500 500 F . t . 1500 500 1500
riction riction Fricti
0 1000 0 1000 . ricuon
S0 55 60 65 70 75 80 85 90 95 100 50 55 60 65 70 75 80 85 90 95 100 50 55 60 65 70 75 80 85 90 95 100

FEZE R (mm] EH IR [mm] BB & (mm]



Very Small Difference (Tissue Papers)
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Neural Network for Tactile Discrimination
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Confusion Matrix (Deep Learning)
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Confused Matrix (Human’s Finger)

Learning and Training for 20min.

|
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“Vision Removal” with Eye Mask
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Trained Sensor vs. Human
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Similarity: Multiple Fingerprint Sensor

Fingerprint Contactor Tips
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2"d Generation Sensor Chip (6 Array)

“Rounded” Array Contactors |

l l l L Reference line

900um 150pm1 Ooum 50Hm
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2"d Generation Sensor Chip (6 Array)
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Distributions of Tactile Information
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Distributions of Tactile Information

3D Surface Shape 2D t : bu tion of

?%\}- - Feature Point
%

Weaving Direction

Yow angle of 10°

3D Visualized Tactile Information of a Fabric
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“Elasticity” and Its Distribution

- Hardn?S_s . Electrodes Surface Shape Sensor
Recognition ey

Friction Sensor

Flattened

Harder Material

——

Initial Curvature
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2"4-Gen.“Touch- Feellng Scanner”
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Additional Information: Skin Hardness
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Conclusions

Nano-Tactile Sensor Chip realizes 0.5um-spatial
resolution and below 50uN-force resolution that
are the Highest Performances among tactile
sensors.

Combination of Deep N.N. with The Nano-Tactile
Sensor Chip has distinguished 7-types of Tissue
Papers at 80% accuracy (Human is around 30%).

System performance can be more enhanced by
Visualized Hardness Distribution at 100um spatial
resolution.
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“Nano-Tactile Sensor” Will Come in 2022

_ TOUCHENCE Inc. JAPAN http://touchence.jp/en/
TOUChence “Shokac Probe” Sensor http://touchence.jp/en/products/probe.html

_ Touchence S P_rodqcts_ _Abo_ut _ C_omp_any_ _Hec_mit_ _Nev‘gs _ _

‘Shokac Probe™.

" Quantifies'tactile feel, using fingérprints for reference. ~ °~ =~~~ "
This sensor can simultaneously measure minute surface '

irregularities and changes in frictional forces.
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