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Development of Shoelace Tensile Test System Based on Micro-
Sensors and Reliability Study

WEI Shutao'*, GUO Xinyu', TANG Yungi', YAN Biao', LI Lingjun', LI L’

(1. College of Art and Design, Shaanxi University of Science & Technology, Xi’ an 710021, China; 2. 361
Degrees ( China) Co., Ltd., Xiamen 361009, Fujian, China; 3. Department of Health Sciences and
Kinesiology, Georgia Southern University, Statesboro 30460, USA)

Abstract: Objective To design and verify the reliability of a shoelace tensile test system. Methods Incremental
loads of 0-196 N were applied to three tension sensors, each load was repeated nine times, with the load
removed and interval of 30 s during the repeated tests. Then output voltage of the sensors under each load was
collected. Linear regression analysis was used to explore linear relationship between the collected voltage signal
and the incremental load. Accuracy, precision and consistency intervals were used to verify consistency of the
measured values with the true load. Bland-Altman analysis and intra-group correlation coefficient (ICC) analysis
were used to verify the repeatability and reliability of the tensile sensor. Results There was a significant linear
correlation between output voltage signal of the sensors and the load ( P<0.000 1, & =0.999 9), and ICC of
three sensors was above 0.999 ( P<0.000 1). The mean values of the coefficients of variation of the measured
values for three tensile sensors under different loads were 0.003 8, 0.002 2 and 0.003 5, respectively.
Conclusions The shoelace tensile test system has high reliability and can be used for real-time acquisition of
shoelace tension.

Key words: shoelace; tensile sensor; reliability; accuracy; precision
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Fig.1 Shoelace tension collection system and its hardware structure
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Tab.2 Accuracy and precision of the shoelace tension sensor
/N HERf /N K& /N
1| LIRS 2 GBI 3 SRR 1 SRR 2 SRR 3 LIRS

0 0. 121 -0. 164 -0. 066 0.011 0.033 0.011
0.98 0. 085 -0.070 0.010 0. 029 0.014 0.032
1.96 0.439 -0. 007 0.036 0.030 0.012 0.019
4.90 0. 442 0. 029 0.517 0.019 0.020 0.010
9. 80 0. 481 -0. 062 0.330 0. 024 0. 036 0.018
19. 60 0. 657 -0.250 -0.152 0.048 0. 006 0.045
29.40 1.077 -0.376 -0.236 0.020 0. 007 0. 047
39.20 1.221 -0. 193 -0.471 0. 037 0.041 0.035
49. 00 1.757 0. 889 0. 687 0.017 0. 009 0.014
58. 80 0.270 -0. 648 -1.222 0.015 0. 040 0. 009
68. 60 0.021 -1.124 -0.936 0. 031 0.020 0.010
78. 40 0. 046 -1.200 —1.347 0.033 0. 039 0. 029
88. 20 1.920 -1.095 -1.436 0. 047 0.024 0.024
98.00 0. 493 -1.031 0. 146 0.033 0.023 0.030
147. 00 1. 346 1.873 1.853 0. 058 0. 039 0.029
196. 00 0.811 0. 542 0.382 0. 046 0.025 0. 057
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Fig. 3 Bland-Altman plot of the difference between the true load

and the measured value of the three tensile sensors
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Tab. 3  Coefficient of variation for three tension sensors under
different loads

Hfif/N 1 AL 2 SEIEA 3 S
0.98 0.0322 0.014 9 0.031 7
1.96 0.0123 0. 006 0 0. 009 7
4.90 0.003 5 0.004 1 0.001 8
9.80 0.002 4 0.003 7 0.001 8
19. 60 0.002 4 0. 000 3 0.002 3
29. 40 0. 000 6 0. 000 2 0.001 6
39.20 0.000 9 0.001 0 0.000 9
49. 00 0. 000 3 0. 000 2 0. 000 3
58. 80 0. 000 3 0. 000 7 0. 000 1
68. 60 0. 000 5 0. 000 3 0. 000 1
78. 40 0. 000 4 0. 000 5 0. 000 4
88.20 0. 000 5 0. 000 3 0. 000 3
98. 00 0. 000 3 0. 000 2 0. 000 3
147.00 0. 000 4 0. 000 3 0. 000 2
196. 00 0. 000 2 0. 000 1 0. 000 3
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Fig. 4 Sensor setting position on running shoes
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