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Stabilization Strategy of Humanoid’s Ice-skate Walking by Visual-lifting Approach
-Spontaneous Arms’ Swinging for Ice-skate Walking by Dynamical Coupling-
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Biped locomotion created by a controller based on ZMP known as reliable control method looks different
from human’s walking on the view point that ZMP-based walking does not include tipping-over state. However, the
walking control that does not depend on ZMP is vulnerable to turnover. Therefore, we propose walking stabilizer
based on Visual-lifting Approach to enhance standing robustness and prevent the robot from falling down. Simulation
results indicate that this stabilizer helps stabilize pose and bipedal walking even though ZMP is not kept inside convex
hull of supporting area. Moreover, we point out that arms begin to swing asymmetrically by dynamical coupling
among body links without input torques and verity the effects of the arms’ swing on the ice-skate walking.
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Table 1 Physical parameters

Link l;[m] | m;[kgl | d;[Nms/rad]

Head (I17) 0.24 4.5 0.5
b Upper body (l102) 0.41 21.5 10.0
Middle body (l9) 0.1 2.0 10.0
} Lower body (Is) 0.1 20 10.0
Upper arm (I11,014) 0.31 2.3 0.03

Lower arm (l12,115) 0.24 1.4 1.0

Hand (I13, l16) 0.18 0.4 2.0
Waist (14) 0.27 2.0 10.0
Upper leg (I3,15) 0.38 7.3 10.0
Lower leg (I2,1g) 0.40 34 10.0
Foot (l1, l7z) 0.07 1.3 10.0

Total weight [kg] — 64.2 —

Total hight [m] 1.7 — —
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Table 2 Possible states for humanoid’s walking

Number of | State variables and constraining Constraints
States force and torque (Lagrange Multiplier) (Referrence)
1 q=[g2, 93, ,Q17] Nothing
2 q=[q,q, qn] Nothing
3 = [¥0,492,43, - » q17] Nothing
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