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Embroidery Bend Sensor of Multiple Zigzag Stitch for Motion Classification in Loose-fitting
Garments
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This paper proposes a wearable motion classification system using commercially-available con-
ductive threads and everyday garments. The unique feature of the proposed system is a sewing-type
bending sensor that does not necessitate tight-fitting with the body, which is a sharp contrast with the
existing motion sensing system. This simplifies integration by allowing motion classification even onto
loose-fitting everyday garments. The sensor that shows a change in resistance to bending deformation
is realized by applying multiple zigzag stitch to the fabric. We designed this stitch to categorize motion
without making joint angle measurements. This sensor exhibits a large resistance change during the
phase transition of motions (e.g.,stance and swing phase). Applying fast Fourier transform to the data
of these sensors reveals motion magnitude and period, enabling motion classification. The prototype
made of regular pants successfully demonstrated distinguishing four motions: walking, limping, and

stair climbing.
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Fig.1 Classification of wearer’s motions in loose-fitting
garments by utilizing the proposed embroidery
bending sensors and FFT
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Fig.2 (a) Embroidery bend sensor and details of its stitch-
ing. (b—e) Types of bending deformation.
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Fig.3 Fabrication procedure of the proposed embroidery
bend sensors.
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Fig.4 Bending experiment procedure.
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Fig.5 Time evolution of sensor bending curvature and re-
sistance during deformation for (a) ¢ > 0 and (b)
@ <0.
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Fig.7 (a-d) Time evolution of the resistance change of
sensor in each operation. (e-h) FFT magnitude
spectrum of the sensor resistance change.
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