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Dynamics of Kinematic Chains with Discontinuous Changes of Constraints

—Application to Human Figures that Move in Contact with the Environments—

Yoshihiko Nakamura* and Katsu Yamane*

In this paper, we propose a new formulation of the dynamics of human figures, which are characterized by their
frequent contact with the environment and underactuation due to the free joint of the body link. The formulation is
shown to have wide variety of applications from dynamics simulation to generation of physically consistent motions
of underactuated systems including human figures, meaning that the proposed formulation gives a common basis for
the problems concerning motions of human figures. The computational method of simulating collisions and contacts
itself has advantages compared to previous methods: efficiency and stiffness of computation are achieved by two
factors, that is, (1) to apply rigid contact model instead of spring-damper model in which extremely large collision
and contact forces are applied to make the computation instable, and (2) to avoid the inequality conditions of contact

forces used in conventional rigid contact model approaches, leading to quite simple and efficient solution.
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Fig.2 Virtual link coordinates in each contact state

Table 1 Constrained degrees of freedom in each contact state;

np: number of contact points, vs = 4/v2 + v%,
constrained, X: unconstrained
Np ‘ state || Vg, Uy ‘ Vy | Wy ‘ Wy ‘ Wy
1 point || X (vs >0) | O| x | X X
2 line Qws=0)10O| x| OO (vs =0,w,=0)
> 3 | surface OO |0 X otherwise
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Table 2 Constraints for slip and rotation round vertical axis

condition slip | rotation
VR 402 =0,w:=0| O O
VAT R =0w#0| O | x
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Fig.4 Example motion with contacts: walk
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Table 3 Mass and inertia of the human figure

link mass inertia[kgm?]
[kg] Iza Iyy I
Body 15.0 0.4 0.2 0.4
Upper Body | 16.0 | 0.8 04 0.8
Head 4.0 0.1 0.1 0.1

Upper Legs 5.0 0.1 0.2 0.2

Lower Legs 4.0 0.1 0.2 0.2
Feet 2.0 | 0.02 0.02 0.02

Upper Arms | 4.0 0.1 0.2 0.2

Lower Arms | 2.0 0.1 0.2 0.2
total 69.0 —
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