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Abstract

This study proposes a method to estimate the human motion, ground re-
action force (GRF), and segmental torques during human countermovement
jumps using only four inertial measurement units (IMUs). Traditionally, such
analyses require more expensive equipment, such as force plates, and are con-
ducted in laboratory settings. However, measuring human motion in non-
laboratory environment is crucial for remote rehabilitation and the analysis
of diverse sports activities. In countermovement jump behavior, the position
of the ground reaction force significantly impacts the calculation results of the
human motion state, yet most studies only discuss measuring the magnitude
of the ground reaction force using IMUs, rather than its position.

The method proposed in this study is primarily based on optimal control
and sensor fusion strategies. A dynamic system of human segments is estab-
lished, using segmental torques as system inputs and outputs that conform to
kinematic constraints as the system’s outputs. The optimal system inputs are
determined through optimization methods, ensuring that the ground reaction
force position is reasonable and that the system outputs match the measure-
ments from multiple sensors. The results indicate that this method can yield
kinematic data similar to those obtained from direct IMU measurements while
considering the reasonableness of the ground reaction force position and sat-
isfying the kinematic constraints of a simplified planar model.

In summary, this study provides a novel method for establishing a human
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motion system through dynamic optimization for human motion analysis out-
side of laboratory environments, which has significant application value-in
fields such as remote rehabilitation and sports training.

Key words: dynamic optimization, ground reaction force position, iner-

tial measurement units, optimal control, sensor fusion
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Algorithm 1: Pseudocode for optimization with Interior Point Method and Con-

straints

input : f(u), objective function;

up, initial guess of segment moment;

Xmeasured> Teference segment angle and angular velocity;

Aneasured, Feference segment acceleration;

POSg,¢...» reference GRF position;

ltoot, length of foot;

¢, tolerance for convergence;

1termax, maximum number of iterations;

fvalnumm,y, maximum number of function evaluations
output: u*, optimized segment moment;

f(u*), objective function value at solution;

iter, number of iterations performed;

fvalnum, number of function evaluations performed

1 U U

2 fpreo + f(u) + 2¢

3 iter <— 0

4 fvalnum < 1

s while | f(u) — fpren| > € and iter < itery, and fvalnum < fvalnummp,y do
6 | Forew = )

7 substitute v into X(¢) = Ax(t) + Bu(t)

8 use X to calculate the center of mass acceleration a of each segment

9 use a to calculate the position of ground reaction force POS,, s

10 if |POSng| < lfoot then

1 ‘ penalty < 0

12 else

13 penalty < M - (|[POS,,¢| — lroor)? // where M is a large
constant

14 end

15 flu) «
(X - Xmeasured)2 + (a - ameasured)2 + UQ + (POSgrf - POSgrfm(,dcl)2 +p€nalty
16 update u

17 fvalnum < fvalnum + foalnumiye
18 iter < iter + 1
19 end

20 return [u*, f(u*)]
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