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ABSTRACT

The integration of multimodal sensing into smart garments faces challenges in flexibility, durability, signal
interference, and wearability. This presentation summarizes our systematic research on optical-fiber and flexi-
ble-electronic sensors for continuous health monitoring.

For optical fiber sensing, we developed textile-compatible breath monitors that exploit bending-induced opti-
cal loss, tapered fibers with enhanced evanescent fields, and grooved or weavable fiber designs. These sensors
achieve high signal-to-noise ratios under various motions, validating their feasibility for long-term
non-invasive respiratory monitoring.

For flexible electronics, we studied four transduction mechanisms: piezoresistive (silver nanowire/leather
nanocomposites), capacitive (MWCNT/PDMS with wrinkled microstructures), piezoelectric (rigid-soft hybrid
structures activating dsi mode for high-frequency sensitivity), and triboelectric (ionogel-based, self-powered
transparent sensors). Each is tailored to wearable scenarios balancing sensitivity, speed, and durability.

We demonstrate applications in vital-sign monitoring using corrugated PVDF films with 2.77-fold enhanced
sensitivity; in rehabilitation with biodegradable nanofiber capacitive sensors for gait analysis; in sleep moni-
toring via FBG-embedded mattresses that detect posture, respiration, and heart rate with machine-learning
classification; and in chronic disease management using ZnO-coated no-core fibers for selective acetone detec-
tion at room temperature, offering a low-cost non-invasive alternative.

Overall, our work provides a comprehensive framework combining optical and electronic modalities, address-
ing material compatibility, structural design, and signal processing, paving the way for smart textiles that ena-
ble comfortable, continuous, and clinically relevant health surveillance in daily life.




