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Efficiency and Optimality of 2-period Gait

from Kinetic Energy Point of View*

Fumihiko Asanof

This paper investigates the efficiency of a 2-period limit-cycle gait from the kinetic energy view-
point. First, we formulate a steady 2-period gait by using simple recurrence formulas for the kinetic
energy of an asymmetric rimless wheel. Second, we theoretically show that, in the case that the
mean value of the hip angle is constant, the generated 2-period steady gait is less efficient than a
1-period symmetric one in terms of kinetic energy. Furthermore, we show that the symmetric gait
is not always optimal from another viewpoint. Finally, we investigate the validity of the derived
theory through numerical simulations of virtual passive dynamic walking using a compass-like biped

robot.
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Fig. 1 Rimless wheel model
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Fig. 2 Asymmetric rimless wheel model
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Fig. 3 3D plot of K, [oo] with respect to a1 and ag
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Fig. 4 Contour of K,[oo] with respect to o and aa
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Fig. 6 Rimless wheel that can be asymmetrized; (a)
Symmetric case where o= 45 [deg], (b) Asymmet-
ric case where o =55 and az =35 [deg]
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Fig. 7 Snapshot of walking experiment on treadmill
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Fig. 8 Model of planar fully-actuated compass-like biped
robot

Table 1 Physical parameters for biped robot
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m 5.0 kg
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Fig. 9 Phase portrait of steady 2-period constrained
compass-gait
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Fig. 10 0% versus ¢ for four values of v
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Fig. 11 Gait descriptors of constrained compass-gait where « is constant
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Fig. 12 Gait descriptors of constrained compass-gait where a1 is constant
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