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Dynamic analysis of sit-to-stand human motion

based on in vitro-sensor detection

LIU Kun, LIU Yong, YAN Jian-chao, JI Shuo, SUN Zhen-yuan, XU Hong-wei
(School of Mechanical Science and Engineering, Jilin University, Changchun 130022, China)

Abstract; A non-invasive estimation and analysis system for lower limb joint moments was developed
based on a piecewise three segment Sit-to-Stand (STS) biomechanical model and a double-sensor
difference based algorithm. The wearable sensor system, composed of force sensors, customized
accelerometer and gyroscope, worked with vitro implanted sensors. Compared with conventional
approach, the number and variety of sensors were reduced in this sensor system. Compared with the
results from reference camera system, the developed wearable inertial sensor system is available to
analyze the lower limb biomechanics of patient during the rehabilitation training with high degree of
accuracy. In the future, the system could be applied for the detection and estimation system of human
STS rehabilitation training and to the control of exoskeleton rehabilitation robot.
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Fig. 1 Piecewise segment STS biomechanical model and dynamics analysis before and after seat-off
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Fig.2 A set of experimental figure of healthy subjects
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Table 1 Comparison and analysis of joint moments of hip.knee and ankle calculated
by kinematics data captured of healthy subjects
BROCHATFHE My /(N » m) JE AT SIHE My /(N » m) AT FHE My /(N » m)
i X 4
RMSE R €max ROM RMSE R Cmax ROM RMSE R €max ROM
1 0. 087 0.961 0.134 0. 305 0. 058 0.969 0.176 1. 316 0.031 0.959 0.130 0.414
2 0.095 0.959  0.151 0.322 0.069  0.962 0.188 1. 326 0.039  0.957 0.124  0.420
3 0.102  0.946 0. 201 0.411 0.071 0.959  0.201 1. 405 0.046  0.938 0.217 0.548
4 0.113 0. 939 0.279 0.478 0. 085 0.953 0.299 1.516 0. 054 0.929 0. 315 0.657
5 0.119  0.937  0.311 0.493 0.091 0.948  0.315 1. 564 0.060  0.923 0.387 0.688
T 0.103  0.948 0.215 0.402 0.075 0.958  0.236 1.425 0.046  0.941 0.235  0.545
®2 REMNBZFHESHFHE TEHAOBRBRXT NENIRE R HH
Table 2 Comparison and analysis of joint moments of hip.knee and ankle calculated of patients

" BROCTT J34E Mi /(N = m) JE ST S 4 M/ (N + m) LT JI4E Ms/ (N = m)
- RMSE R s ROM  RMSE R e ROM  RMSE R e ROM
1 0. 097 0.953 0.079 0.237 0. 069 0.958 0.217 0.795 0. 049 0.948 0.110 0.329
2 0.113  0.949 0.087  0.259 0.075  0.951 0.224  0.816 0.051 0.941 0.124  0.338
3 0.135 0.940 0.091 0.270 0. 087 0.948 0.235 0. 823 0. 054 0. 939 0.132 0. 347
4 0. 157 0.937 0.105 0. 289 0. 090 0.945 0. 257 0.877 0.063 0.931 0.143 0. 355
5 0.162 0.925 0.116  0.296 0.096  0.939 0.269 0.868 0.070  0.925 0.149  0.364
Ty 0.133  0.941 0.096  0.270 0.083  0.948 0.240  0.836 0.057  0.937 0.132  0.347
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Table 3 Analysis of kinetic and kinematic parameters
(ensemble-average of five trials) based on data

acquired from healthy subjects and patient
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