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Abstract: Long-range, continuous, and accessible kinetic measurement system is required for evaluation of gait disorders.

Although force plates are gold standard methods, they are often limited their measurement range and cost-prohibitive for
general clinics. In contrast, instrumented insole-based gait analysis systems using accessible sensors have been provided in
previous works. However, those systems rely upon the use of force plates to construct models to estimate ground reaction
force. This study describes the method to construct models without using force plates and its evaluation. Subject-specific
linear least squares regression models (with bounds and linear constraints) using data from single-leg standing task were
used. Comparison with force plate data for straight walking demonstrated %RMSE that indicates estimation accuracy of
the models were generally 15-25% and not as high accuracy as previous ones. However, we found the possibility that
voluntary weight shifting during single-leg standing can improve estimation accuracy of models.
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(a) Instrumented insole including (b) Snsor number and coordinate
14 force resister sensors of instrumented insole
Fig. 1 Instrumented insole including 14 force resister sensors.
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Fig. 2 Integrated measurement system
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Fig. 3 Mounted markers and iPMS
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(a) vGRF plot of Foot on right side of Subject 1
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Table 1 Fitting and estimation accuuracies of models

Y%RMSEwiak
Sub.|Side| %RMSEgs Straight Straight Over all
3rd-4th steps | 5th-6th steps

1 L 11.3 23.1*1.8 22.7£1.0 229+15
R 4.1 13.2+2.1 13.5+2.8 13.4+25

’ L 7.1 15.7£3.0 21.1*1.8 18.4£3.7
R 8.5 16.7£2.4 20.9+35 18.8£3.7

3 L 4.1 25.1+2.7 26.0+0.4 255+2.1
R 3.9 25.1£35 22.3+0.8 23.8%+3.0
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(b) vGRF plot of Foot on right side of Subject 3

Fig. 4 vGRF plot measured using force plates and estimated from insole data
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(a) COP plot of foot on right side of Subject 1
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(b) COP plot of foot on right side of Subject 3

Fig. 5 COP trajectory during single-leg standing (SLS) and straight waking
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Table 2 Fitting accuracy of validation models

Y%RMSE waik
Sub. | Side Straight Straight over all
3rd-4th steps 5th—6th steps
1 L 9.9£1.8 10.4+1.9 10.2+1.9
R 6.4+2.1 7.6+£16 7.1£16
2 L 8.1£16 8.2£0.9 8.2t1.3
R 6.4+1.4 6.91t24 6.7£2.0
3 L 11.3+1.3 11.3+1.3 11.3+1.3
R 12.1+4.9 12.1+4.9 9.8t4.6
Table 3 %Error of 12 sensors
Sensor number %Error; Sensor number %Error;
1 16.21+9.8 9 10.4£13.9
2 4.2+47 10 —
4 14.5+8.2 11 19.6£25.2
5 13.8+124 12 10.5£10.2
6 24.2+14.8 13 9.0£6.1
8 5.21+6.6 14 18.7£14.2
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