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An Optimal Initial Configuration of a Humanoid Robot

Bk R
(Young Whee Sung * Dong Kwon Cho)

Abstract - This paper describes a redundancy resolution based method for determining an optimal initial configuration
of a humanoid robot for holding an object. There are three important aspects for a humanoid robot to be able to hold
an object. Those three aspects are the reachability that guarantees the robot to reach the object, the stability that
guarantees the robot to remain stable while moving or holding the object, and the manipulability that makes the robot
manipulate the object dexterously. In this paper, a humanoid robot with 20 degrees of freedom is considered. The
humanoid robot is kinematically redundant and has infinite number of solutions for the initial configuration problem. The
complex three-dimensional redundancy resolution problem is divided into two simple two-dimensional redundancy
resolution problems by incorporating the symmetry of the problem, robot's moving capability, and the geometrical

characteristics of the given robot. An optimal solution with respect to the reachability, the stability, and the
manipulability is obtained by solving these two redundancy resolution problems.
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Fig. 1 The joint configuration and appearance of the robot
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Fig. 4 The right arm of the robot in the manipulability plane
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Fig. 5 The stability plane and the robot
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Fig. 6 Modeling of the robot in the stability plane
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Fig. 7 Various walking patterns of the robot
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Fig. 8 Robot arm solutions in the manipulability plane.
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Fig. 9 Solutions in the stability plane.
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Fig. 10 An optimal initial configuration for holding an object.
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