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Calculation and Verification Method of Three-Dimensional Center
of Gravity Based on Human Joint Points
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(1. School of Medical Instruments, Shanghai University of Medicine & Health Sciences, Shanghai 201318,
China; 2. School of Health Science and Engineering, University of Shanghai for Science and Technology,
Shanghai 200093, China)

Abstract: Objective To explore the accuracy of the multiplication coefficient method and the moment synthesis
method for determining the spatial position of the center of gravity (CoG) of the human body based on machine
vision. Methods The mechanical measurement platform was built, and the three-dimensional (3D) human body
CoG measurement method under static and dynamic conditions were designed to calculate the space coordinates
of the CoG. Through experiments, the calculation accuracy of the multiplication coefficient and moment synthesis
method were studied and analyzed. Results In the static experiments, the calculation results of the torque
synthesis method were more accurate than those of the multiplication coefficient method for each dimension. The
errors in the 3D CoG of the human body in the X, Y, and Z directions calculated using the torque synthesis
method were 3.9% , 4. 1% , and 8. 5% , respectively. In the dynamic experiment, the average and relative errors
of the torque synthesis method in the X or Y direction were lower than those of the multiplication-coefficient
method. When the action decomposition method was used to analyze the height direction of the CoG along the Z
axis, the final rendering effect of the torque synthesis method improved. Conclusions The accuracy of the 3D
CoG calculated by the moment synthesis method was relatively high, and was closer to the measurement data of
the mechanical measurement platform. The 3D CoG calculated using the moment synthesis method can replace
the mechanical measurement platform and can be used in subsequent studies.
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segmentation (a) Multiplication coefficient method,
(b) Torque synthesis
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Tab.3 Error analysis of the multiplication coefficient method
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Tab.4 Error analysis of torque synthesis method
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Fig.4 Dynamic verification of marching on the spot

(a) In X axis direction, (b) In Y axis direction
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Tab.5 Dynamic verification of X and Y direction error analysis
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