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Studies on hetero-core fiber optic nerve sensors for smart materials
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This thesis presents a novel smart nerve sensor based on hetero-core structured optical fiber embedded with a sensing structure and
wearable clothes. A sensing nerve pad-structure has been described to discuss how smart materials could be devised intended for
monitoring large deformation in terms both of the curvature and the direction of bending. The result showed that the proposed
pad-structures were sufficiently sensitive to the given curvature and directions for deformation with a sufficient linearity of sensor
characteristics. The hetero-core embedded pad sensors were successfully perceptive with typical sensitivities of 0.066 and 0.153
dB/mm. On the other hand, unconstrained and wearable motion analysis system is described in which entire body posture and motion
can be monitored using hetero-core optic fiber sensors with their significant performances in terms of the sensitivity, stability and the
reproducibility. The performance characteristics of embedded hetero-core fiber sensors are presented for the analysis of wearable
motion sensors in the form of a sensing jacket, a wristband, and a gait system. In addition, the multipoint optical intensity-based
measurement with tandem connection by means of monitoring time-differentiation in optical loss. The use of hetero-core sensors can
make it possible that a simple optical intensity-based measurement combined with a time-differentiation method could be facilitated
for the multipoint measurement because the hetero-core technique has a low insertion loss and a sizable loss change in the tandem
usage. Addressing multi-sensors has been successfully demonstrated including one displacement sensor and two contact sensors
which are located along a single transmission line in real-time basis.
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Fig.1 Experimental setup for hetero-core smart nerve real-time
sensing system using LD-PD measurement.
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Fig.2 Schematics of pad-structure sensing nerves. (a) 4-sensors were directly adhered on the surface of the silicon pad and properly located at
distanced 4-sites in a single layer. (b) Sensors were concentrically located and laminated in three layers.
(c) Pad deformation given by linear displacement by means of clamping.
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Fig.3 Variation losses of (a) A, B, C and D sensors with the displacement for the pushing displacement of 0-deg. for Fig.2(a) pad experiment
and (b) B sensor with the displacement 1-11 mm for 0, 45 and 90 degs pushing directions for Fig.2(b) pad experiment.
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Fig.4 Periodic real-time responses of sensor-A
and -B located at the positions of the shoulder
and pectoralis major with the motion of
abduction/adduction.
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Fig.5 Responses of the hetero-core sensor directly embedded at the elbow site of the sensing
jacket when the arm was flexed (a) with wrinkles in the jacket and (b) without wrinkles.
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Fig.6 Real-time responses of hetero-core sensors at the knee
and sole with walking action.
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Fig.8 Temporal profiles of (a) optical loss and

(b) time-differentiation a hetero-core displacement sensor and two
contact sensors-A and -B.
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