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Iterative Contact Force Solver for Simulating Articulated Rigid Bodies

*Shin’ichiro NAKAOKA, Shizuko HATTORI, Fumio KANEHIRO,
Shuuji KAJITA and Hirohisa HIRUKAWA (AIST)

Abstract— We developed a simulation system that can achieve realistic and efficient simulations of articulated rigid
bodies. This paper focuses on our constraint-based contact force solver where the force solution is calculated by an
iterative method based on the Projected Gauss-Seidel method. In this solver, accurate frictional force can be calculated
from a simple constraint formulation. The method was verified by several simulation tests that include the comparison
between the actual and simulated motions of HRP-2, and the results show the validity of the method.
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(a) Constraint Vectors of a Contact

(b) Constraint Vectors of a Connection Point

Fig.1 Constraint Vectors
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Fig.2 A simulation of boxes falling on the slope.
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Fig.3 A simulation of a closed-loop link mechanism
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Fig.4 The vertical floor reaction force acting on the left
foot during a stepping motion
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} Ankle Joints

Virtual Joints of
Rubber Bushes

Fig.5 Virtual joints for simulating shock absorber bushes
inserted below the ankles of HRP-2

Fig.6 Comparison between the simulation and the actual
motion when the stabilization control was disabled
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Fig.7 Computation time of the dynamics calculation in an
integration time step.
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