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Abstract

To address the limitations of traditional rigid sensors—namely signal distortion and mechanical
mismatch—in upper limb motion sensing, this paper designs and fabricates two types of flexible
optical waveguide sensors. These sensors feature Dragon Skin 20 and elastic tubing as outer casings,
respectively, with Clear Flex 30 as the core, and utilize light energy loss caused by deformation to
achieve sensitive sensing. Building on this, the two sensors were integrated into a sensing sleeve to
construct a distributed sensing architecture comprising a 4 x 4 cross-array on the forearm and a
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strip-shaped sensor at the elbow, along with a photoelectric conversion and data acquisition mod-
ule. By collecting sensor signals from 11 channels across 16 postures and training and performing
real-time recognition using Support Vector Machines (SVM) and Random Forest algorithms, both
models demonstrated high recognition accuracy and good generalization capabilities. This system
holds significant application potential in fields such as sports rehabilitation and human-computer
interaction.
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Figure 1. The structure of flexible optical waveguide sensor
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Figure 2. Fabrication process of rectangular optical waveguide
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Figure 3. Optoelectronic modules of flexible optical waveguide sensor
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Figure 4. Bending response of flexible optical waveguide sensors
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Figure 5. Structural diagram of sensing sleeve
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Figure 6. Schematic diagram of FPC inside the sensing sleeve
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Figure 7. Appearance of sensing sleeve
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Figure 8. Data collector module for sensing sleeve
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Figure 9. 16 postures for classification
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Figure 10. Confusion matrix of classification for 16 postures
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Table 3. Performance comparison of this work with other upper limb motion sensing systems
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