2C2-4

FRMMBERFICLIATIRE

Of &z (REKF)
Bl e CERRE)

Robot Skin Based on Non-Linear Tactile Sensing Element
(OTakayuki Hoshi (The university of Tokyo)
Hiroyuki Shinoda (The university of Tokyo)

In this paper, we propose a new tactile sensor element with a simple structure. The element is composed of two layers of
insulators sandwiched between three pieces of conductive sheets. The element acquires not only a contact force but also a contact
area using the non-linear elasticity of the insulator, which provides rich tactile information. This sensing method is inspired by the
fact that humans can sensitively discriminate sharpness of objects on any parts of their bodies in spite of their several-cm Two Point
Discrimination Thresholds. The elements can be connected without long wires by placing sensor/communication chips at the

boundaries of them. The chip measures the capacitances between the conductive pieces and send signals through the same pieces.
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Figure 1. Robot skin composed of proposed sensor elements. It is soft,

stretchable, and capable to cover a large area easily.
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Figure 2. Cross-section of our robot skin. A set of soft and hard layers and

three pieces of stretchable conductive sheets form a sensor element.
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Figure 4. Supposed surface stress distribution o(X, y).
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Figure 5. Relationship between surface stress o and extension ratio 4,. Soft

layer 4, is more easily compressed than hard layer 4,.
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Figure 6. Simulation result. Calculated (AC,, AC,)s for various (F, S)s. D is
defined as p=2./s/7 torepresenta diameter of S for a circular object.
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Figure 8. Experimental setup.
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Figure 9. Experimental result of basic performance. Measured trajectories of
(AC,, ACy)s for stimulators A: D=0.5 mm, B: D=1 c¢cm, C: D=2 cm, and D:
D=4 cm.

4. REBR-H#R

MELE-R U VHEF (1M 7) OWREEFRDFEREIT-T7-,
C, #arvrrihed5b RC FEELZIE, 2 ms WO/ UL 2EK
16 By MU X THZ BIRBEE»D C, ZFHE L,
T—HIET 4 UH I 1O EI LT PC IZRVIAALTE, VAT
LDEH YT ) 7 L— L 80Hz ThHo7- (X 8),

4.1. EAXERE
4 FEO R DEMEFRE L2 CTE D20EHIDT, A
D=05mm (ffHE). B:D=1cm, C:D=2cm. D: D=4 cm (&
HME) OMBOMKEY VP FEFFRICFTEEICHLY
T, IONFREE TONTH 0.5 B LiAA, ZO%EELT,
LT (AC,, AGY) Z9ITRT, ZOFENS, 4 FEHE
DGR DENT L > THBITE B Z L B2 D,

42. EEBROEE

X 10 R THERROBEE N S D LRI PR BT SR
725 THRRMIE A~D Z#BITE 20 E DT, LHLU
SO FEBRSMIT 41 L RS L,

FHHIL7Z (AC,AG) K 11IRT, ZOMENS, BH
FTRHHEICIE S NTHAE TS 4 FEOIRYIROFBI A 7]
BThdZEBbMb,

11 1 1 1 Surface stress

; ISt 1rny
< )
,

Sensor
element

)

Curvature radius:
45mm

Figure 10. Base with hemispherical bump.
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Figure 11. Experimental result on effect of surface configuration. Measured
trajectories of (AC, AC,)s for stimulators A: D=0.5 mm, B: D=1 cm, C: D=2
cm, and D: D=4 cm.
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Figure 12. Pressed positions; the center and the four corners.
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Figure 13. Experimental result on effect of contact position. Measured
trajectories of (ACy, AC,)s for stimulators A: D=0.5 mm, B: D=1 c¢m, and C:
D=2 cm.
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Figure 14. Experimental result on effect of force direction. Measured

trajectories of (AC,, ACs)s for stimulators A: D=0.5 mm and B: D=1 cm.
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Figure 15. Experimental result on reproducibility. Averaged trajectories of
(AC,, ACy)s for various (F, S)s with error bars representing the maximal

deviations.
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(b)
Figure 16. (a) Closeup top view of current version of CMOS LSI chip. (b)
CMOS LSI chip after bonding (right) and molding (left).

Figure 17. Examination system using LSI sensor/communication chip.
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Figure 18. Cross-section of robot skin using current version of LSI chip. The

signal layer will be removed in the next version of the prototype.
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