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Performance Evaluation of Fabric Sensors for Movement-monitoring Smart Clothing:

Based on the Experiment on a Dummy
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Abstract

TThis study explored the requirement of fabric sensor that can measure the motion of the joint effectively by
measuring and analyzing the variation in electric resistance of a sensor in accordance with bending and stretching
motion of the arm by the implementation of a motion sensor utilizing conductive fabric. For this purpose, on both
sides of two kinds of knitted fabric, namely ‘L’ fabric and ‘W’ fabric Single Wall Carbon Nano-Tube(SWCNT)
was coated, fabric sensor was developed by finishing them in a variety of ways, and the sensor was attached to
the arm band. The fabric sensor consisted of total 48 cases, namely background fabric for coating, the method of
sensor attachment, the number of layer of sensors, the length of sensor, and the width of sensor. The performance
of fabric motion sensors in terms of a dummy arm, that is, a Con-Trex MJ with 48 arm bands around it was
evaluated. For each arm band, a total of 48, fastened around the dummy arm, it was adjusted to repeat the bending

and stretching at the frequency : 0.5Hz, ROM : 20°~120°, the voltage was recorded for each case after conducting
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three sets of repeat measurement for a total of 48 cases. As a result of the experiment, and as a consequences of
the evaluation and analysis of the voltage based on the uniformity of the base line of the peak-to-peak
voltage(Vp-p), the uniformity of Vp-p within the same set, and the uniformity of the Vp-p among three sets, the
fabric sensors that have been configured in SWCNT coated ‘L’ fabric / welding / two layers / 50x5mm, 50%10mm,
100x10mm, and SWCNT coated ‘W’ fabric / welding / two layers / 50x10mm exhibited the most uniform and stable
signal value within 5% of the total variation rate. Through all these results of the experiment, it was confirmed
that SWCNT coated fabric was suitable for a sensor that can measure the human limb operation when it was

implemented as a fabric sensor in a variety of forms, and the optimal sensor types were identified.

Key Words: Movement Monitoring, SWCNT(Single Wall Carbon Nano-Tube), Fabric Sensor, Smart Clothing
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Figure 1. MVN suit (Xsens, 2014)
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Figure 2. PolyPower® (Danfoss, 2013) (http://www.gizmag.com/
danfoss-polypower-sport-sensors/26324/pictures#1)
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Figure 3. Morphology of CNT / Starch / PVA Fiber by
Electrospinning
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Figure 4. Dummy arm(Yang, 2015)
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Figure 5. Arm band design(Lee et al., 2015)
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Figure 6. Experimental variable(Lee et al., 2015)
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Figure 8. Example of the uniformity of Vp-p base line (SWCNT
coated ‘W’ fabric/welding/two layers/50%10mn)
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Figure 9. Example of the ununiformity of Vp-p base line & double
peak graph(SWCNT coated 'W' fabric/sewing/one layer/100%5mm)
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Table 1. Experimental results
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Figure 10. Variation of the Vp-p according to the sensor type
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Table 2. Variation rate of the Vp-p according to the sensor type

Variation | Variation

Evaluation| Variation rate of rate of
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