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(1) We proposed two optimization criteria for explaining the kip movements of expert
gymnasts on the horizontal bar: a combined criterion and a hierarchical criterion. Both
criteria require the minimization of the square of the joint torques and the time

derivatives of the joint torques during the movements. (2) We proposed a systematic method
to calculate a set of movements that achieve the tasks defined by an initial pose and a
final pose, and showed a part of redundancy of the kip movements and the giant swing backward

movements on the horizontal bar.
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