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Abstract: According to the given keyframes and associated timing, how to simulate the human motion that
conforms to Newton’s law by optimization is an important problem. The convergence property of current
optimization models where the constraint of Newton’s law is regarded as the direct constraint condition is not
satisfactory in practice. There are 2 reasons for that. The first is that the nonlinearity of Newton’s law is strong. The
second is that the current optimization methods can only find local minimizers. By converting the constraint of
Newton’s law into the objective function and adding the optimization of given timing, the convergence property of
which is better than that of the current optimization models and is independent of the type of simulated motion, the
error of mass parameters of human body and the error of the given timing. The simulated human motion can
conform to Newton’s law as much as possible. The efficacy of the new model is validated by simulating seven types
of somersaults on the trampoline. Furthermore, this model has been applied to the analysis of forces acting on
human body and the design of new motions in sports.
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Fig.2 Three types of nonlinear constrained optimizations
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(a) Back somersault (straight) (b) Back somersault (tucked) (c) Double front somersaults with 1 and 1/2 twist
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Table 1 Datum in experiments

F=1 WA

Number Number Number of ~ Value of objective  Value of objective

Average force  Average force
acting on the acting on the

of of constraint function before function after root before root after

keyframes  variables equations optimization optimization L AR
optimization optimization

M1 5 264 89 3.88e+03 5.27e+01 2.54e+01 2.96e+00
M2 7 350 125 8.66e+04 1.82e+03 1.20e+02 1.74e+01
M3 8 393 143 6.40e+04 4.57e+03 1.03e+02 2.75e+01
M4 9 436 161 1.44e+05 1.27e+04 1.54e+02 4.60e+01
M5 11 522 197 4.48e+05 1.21e+04 2.73e+02 4.49e+01
M6 11 522 197 1.61e+05 5.05e+03 1.63e+02 2.90e+01
M7 13 595 233 4.15e+05 4.08e+04 2.62e+02 8.24e+01
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Fig.4 Resultant of forces acting on the root (back somersault (straight))
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Fig.5 Resultant of forces acting on the root (double front somersaults with 1 and 1/2 twist)
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Table 2 Mass parameters of the body
*2 AEmEEZH

Limb Mass (kg) | x (kg-m?) Iy (kg-m?) I_z (kg-m%)
Pelvis 8.1e0 5.3e-2 5.9e-2 6.6e-2
Thigh 1.0el 2.0e-1 4.1e-2 1.9e-1
Shank 3.2e0 3.7e-2 6.5e-3 3.9e-2
Foot 1.0e0 4.0e-3 1.0e-3 4.4e-3
Abdomen 1.2el 8.2e-2 1.2e-1 1.3e-1
Thorax 1.1el 7.1e-2 1.5e-1 1.7e-1
Upper arm 1.9e0 1.1le-2 4.0e-3 1.3e-2
Forearm 1.1e0 6.0e-3 1.3e-3 6.5e—3
’ i — U

vi=X{ Vi, +[a7{ 0] (5)

a/ = Xia +[RR'@ +a r'xaT (6)

fi= Xii+l filo+ la —vix 1y (7)

5 KEMIEE
IR BT (0 D A TR AR B (B, A5 DR A8 L O B T, 52 T D BRI 241, 1 5 £ RS B I £ 07 2 A
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Fig.6 Interpolation between keyframes
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Fig.7 Optimization of B-spline quaternion curve qua(t). qo, g1, 9, gs are four components of qua(t)
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Fig.8 Forces acted on the right thigh and upper arm
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