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A Study on Estimation of Crosstalk and Error Compensation Model
in Motion Measurement and Analysis Using Wearable Sensors
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Abstract

This paper proposes a posture estimation method for central body segment using inertial sensors and a Kalman filter for compensating for velocity
and position. The posture information obtained using the inertial sensors were estimated by the extended Kalman filter. The nonlinear state equation
and nonlinear measurement equation for the extended Kalman filter consists of the relational expression comprising the differential of the roll and
pitch angles and angular velocity (gyro sensor output) and that comprising the acceleration sensor output and gravity acceleration. The posture
information of the central body segment was estimated from the position of the joint estimated from the outputs of the inertial sensors attached to
adjacent segments and the adaptive Kalman filter. We conducted the measurement experiment using three DSP wireless motion sensors, and the
posture of the central body segment was estimated. The results indicated a trend similar to that of the estimation results obtained using the attached
inertial sensor outputs. Hence, the posture estimation method can be used for motion measurement and analysis using inertial and magnetic field

sensor systems.
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Fig.1 DSP 9-axis Wireless motion sensor
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Fig.2 Definition of three segment model and coordinate system
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(b) Right lower thigh

Fig. 3 Results for velocity calculated by time integration of acceleration
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(b) Right lower thigh

Fig. 4 Results for velocity compensated by Adaptive Kalman filter
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Fig. 5 Results for position compensated by Adaptive Kalman filter

N

Roll angle ===Pitch angle

Time[sec]

(a) Lumber

50 . T

Roll angle == =Pitch angle

Time[sec]

(b) Right lower thigh

Fig. 6 Results for posture estimated by the proposed method and estimated by inertial sensor output
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