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Studies on tactile sensing based on Hetero—-core fiber optic sensors
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This paper represents a novel technical approach for tactile sensing like human skin using hetero-core fiber optics. Hetero-core fiber
optic sensors have a possibility to detect a variety of tactile information because they are highly sensitive to macro-bending and can
measure in real time, in addition to some features as fiber optic sensors such as immunity to electromagnetic interference and chemical
corrosion, implantability to composite materials, and passive sensor elements. A tactile sensor element based on a transmission-type
hetero-core fiber was experimentally proved to measure contact force up to 5 N and discriminate tactile impressions of objects in
terms of hardness and roughness by assessing temporal changes in sensor responses. Moreover, a reflection-type hetero-core optical
fiber was found to perform as an artificial mechanoreceptor which responded to deformations on soft materials and furthermore
detected both static and dynamic contacts with localized sensing area within few millimeters in diameter. As a result, it has been
successfully confirmed that the hetero-core fiber optic sensors can be used as an artificial nerve device for tactile perception like

human skin.
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Fig. 1. (a) An appearance and (b) a schematic drawing of a
tactile sensor based on transmission-type hetero-core fiber
optic sensor.
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Fig. 2. Optical loss of the tactile sensor as a function of contact
force vertically applied.
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Fig. 3. (2) Experimental setup for the sensor scanning on tested surfaces, (b) optical loss changes during scanning action in case
of the dot-arrayed surfaces with heights of 10 and 100 um, and (c) those in case of polyester fabric and denim fabric with a fiber
interval of 0.55 mm and 1.20 mm, respectively.
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Fig. 4. (a) Experimental setup for the sensor pressing onto silicone rubbers with a hardness in the range from 5 to 80 in Shore
hardness A scale, and (b) optical loss increments as a function of hardness of tested silicone rubbers.
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Fig. 5. (a) Schematic drawing of the hetero-core fiber optic
mechanoreceptor, and (b) and (c) show the photo and the
schematics of a finger-shaped end effector consisting of the
proposed mechanoreceptor.
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Fig. 6. Force sensitivity distribution of the finger-shaped
end effector, which was pressed on the surface with a depth
of 1.0 mm. (a) depicts geometrics of the end effector and (b)

shows the force sensitivity distribution.
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Fig. 7. Responses to vibration from 50 Hz to 1 kHz of the finger-shaped end effector. (a) illustrates the geometric relation
between the end effector and audio speaker providing sine-cured vibration, (b.x) and (c.x) show time responses and frequency
spectra of the optical losses and the set vibration signals when the audio speaker driven by set frequencies of 50 Hz (x=1), 100

Hz (x=2), and 1 kHz (x=3).



