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Stabilization of Humanoid Robots by Switching Feedback Controllers
Based on the Maximal CPI Sets

*Ko YAMAMOTO (Tokyo TECH), Yoshihiko NAKAMURA (Univ. of Tokyo)

Abstract— Humanoid robots should be able to stand and walk despite reasonable external disturbances.
This paper addresses the robustness of a humanoid robot to unknown disturbances. Although there are
control methods to absorb the disturbances based on the COG-ZMP inverted pendulum model, they do
not consider the physical constraint on ZMP. In this paper, the authors enable the control law to consider
the physical constraint explicitly with the maximal CPI set. Furthermore, the switching control frame-
work is applied to a COG-ZMP inverted pendulum model, allowing for an improved robustness to external
disturbances. The validity of the proposed method is verified with both of simulation and experiment.
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support point constraint

contact region 7/

Fig.1 Mass concentrated model of humanoid robot
(left) and inverted pendulum model with support
point constrained (right)
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Fig.2 Support region approximated by a convex hull

Fig.3 Block diagram of the closed-loop with con-
straint (left) and corresponding maximal CPI set
(right)
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Fig.4 Initial response of the system. (a) and (b) is the response of COG and ZMP without the switching control,
respectively. (c) is the response with switching control.
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Fig.5 Inclusion relationship of the maximal CPI sets
(left) and block diagram of switching control
(right).
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Table 1 List of state feedback gain and pole

index pole
1 -3 -6 -10
2 -20 -30 -50
3 -50 -60 -80

Fig.6 E;(périmental setuﬁ for the switching control
when a disturbance is imposed on the robot.
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Fig.8 Loci of COG and ZMP. (a) and (b) are the response without and with the switching control, respectively.
(c) shows the variation of the index of feedback gain when the switching control was applied.
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