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Respiratory Monitoring Fiber Optic Fabric Sensor for Smart Clothing
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Abstract A fiber optic fabric sensor for respiratory monitoring of smart clothing is investigated. The sensor consists of a
multilayer composite of a stretch-sensitive optical fiber, thermoplastic polyurethane elastomer (TPU), and an elastic fabric.
A heating-based sizing method for the multibending cascade structure of polymer optical fibers is proposed to prepare stretch-
sensitive optical fibers with precise characteristic dimensions. Using the TPU material, the bonding of stretch-sensitive
optical fibers, TPU material, and fabric is realized by ironing to form a laminated fabric sensor. The prepared fabric sensor
has no bubbles and wrinkles between the layers, has good production repeatability, and can be connected with garments
without sewing to enhance their comfort and aesthetics. Experiments show that the sensor has a strain coefficient of up to
71.01, a stretch rate of up to 83%, a hysteresis error of <{12%, and a unidirectional stretch-sensing capability. The
designed respiration monitoring sample garment is put through its paces, and the measurements revealed that it is capable of
capturing a clear respiration waveform under a variety of breathing frequencies, wearer postures, and movement states. The
maximum error of respiration rate is < 2 times/min and the average error is within 0. 8 times/min.
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Fig. 1 Schematic diagram of the fiber optic fabric sensor. (a) Multi-layer structures of the sensor; (b) comparison of sensor before and
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Fig.2 Sensor theoretical analysis results. (a) Relationship between the tensile quantity AL of the basic element and the bending radius r;

(b) simulation results of loss coefficient under different bending radius
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Fig.3 Laminated fiber optic fabric sensor preparation and sample repeatability testing. (a) Sensor preparation process; (b) schematic

diagram of sensitive fiber sample ;(c) sensitive fiber bending radius r,; (d) double row spacing & production measurement data
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Fig. 4 Static response experiments of sensors. (a) Relative change in output power of the sensor under tension at N=6 and D,

parameters of 5, 10 and 15 mm respectively; (b) relative change in output power of the sensor under tension at D,=15 mm and

N parameters of 2, 4 and 6 respectively; (c) experimental verification of unidirectional sensing
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Fig.5 Sensor tensile response curves. (a) Sensor A hysteresis test; (b) sensor B hysteresis test; (¢) dynamic response experiment;

(d) repeatability experiment
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(d) overall view of garment
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Fig.7 Breathing experiments based on smart clothing. (a) Respiratory test platform; (b) schematic diagram of different movement

postures; (c) time-domain respiratory signals in different breathing patterns; (d) time-domain respiratory signals in different

postures; (e) time-domain respiratory signals in different movement states
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Table 2 Comparison of respiration rate values for the measured samples and the standard equipment in static mode

Respiratory rate/(times/min)

Test No. Normal Slow Rapid
X, X, IE X X, 1IE X, X, IE
1 14 14 0 19 18 1 23 23
2 14 14 0 19 18 1 23 23 0
3 14 14 0 19 19 0 23 23 0
4 14 14 0 19 18 1 22 23 —1
5 14 14 0 18 18 0 22 23 —1
Mean error 0 0.6 0.4

F3 WIS B S A IR RS R EE

Table 3 Comparison of static postural respiration rate values for measured samples and standard equipment

Respiratory rate /(times/min)

Test No. Sit Stand Left-turn Right-turn Bend over

X, X, IE X, X, IIE X, X, I X X, IE X X, IE
1 21 22 —1 21 21 0 19 20 —1 18 19 —1 19 20 —1
2 23 22 1 21 20 1 19 19 0 18 19 —1 20 20 0
3 22 23 —1 20 20 0 19 20 —1 19 20 —1 20 20 0
4 22 23 —1 20 20 0 19 19 0 19 20 —1 20 20 0
5 22 22 0 20 20 0 19 19 0 19 19 0 20 20 0

Mean error 0.8 0.2 0.4 0.8 0.2
R4 WEIAE N KR B 30 75 W I AR (B0
Table 4 Comparison of dynamic respiration rate values between measured samples and standard equipment
Respiratory rate /(times/min)
Test No. Walking Jogging Left-right turn Bending squat-sport

X, X, IE X, X, IIE X X, IE X, X, IE X X, IE
1 14 14 0 20 22 —2 21 21 0 21 21 0 19 19 0
2 14 14 0 21 22 —1 21 21 0 21 21 0 19 20 —1
3 13 14 —1 21 22 —1 20 21 —1 20 21 —1 19 20 —1
4 14 14 0 22 22 0 20 21 —1 20 21 —1 20 20 0
5 14 14 0 22 22 0 20 21 —1 20 21 —1 20 20 0

Mean error 0.2 0.6 0.6 0.6 0.4
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