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An Algorithm for Measuring Vertical Ground Reaction Force Based
on Insole Sensors

DENG Shengzhong'*, DAI Houde’, CHEN Yuguang®, WAN Zhiyu'?

(1. School of Advanced Manufacturing, Fuzhou University, Jinjiang 362251, Fujian, China; 2. Quanzhou
Institute of Equipment Manufacturing, Haixi Institutes, Chinese Academy of Sciences, Jinjiang 362216, Fujian,
China)

Abstract; Objective A practical and highly accurate algorithm for dynamic monitoring of plantar pressure was
proposed, the magnitude of vertical ground reaction force (vVGRF) during walking was measured by a capacitive
insole sensor, and reliability of the prediction accuracy was verified. Methods Four healthy male subjects were
require to wear capacitive insole sensors, and their fast walking and slow walking data were collected by Kistler
three-dimensional (3D) force platform. The data collected by the capacitive insole sensors were pixelated, and
then the processed data were fed into a residual neural network, ResNetl18, to obtain high-precision vGRF.
Results Compared with analysis of the data collected from Kister force platform, the normalized root mean
square error (NRMSE) for fast walking and slow walking were 8. 40% and 6. 54% , respectively, and the Pearson
correlation coefficient was larger than 0.96. Conclusions This study provides a novel algorithm for dynamic
measurement of GRF in mobile scenarios, which can be used for estimation of complete GRF outside the
laboratory without being constrained by the number and location of force plates. Potential application areas
include gait analysis and efficient capture of pathological gaits.
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Fig.1 Structure of the gas pressurization equipment
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Fig.2 Data collection system (a) Sensor distribution,
(b) Embedded modules
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Fig. 5 Estimation results of ResNet18 at different walking

speeds (a) Fast walking, (b) Slow walking
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Tab.1 Comparison of predicted vGRF accuracy at different walking speeds
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Fig. 6 Identifying gait stages based on VGRF prediction (a) The
moment the heel first touches the ground, (b) The moment the
heel hits the ground completely, (¢) The moment the entire
foot hits the ground, (d) The moment the heel leaves the

ground, (e) The moment toes leave the ground
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