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Passivity based turning control of 3D biped robot with asymptotical stability

Borhan Beigzadeh®’, Mohammad Reza Sabaapourz, Mohammad Reza Hairi Yazdi®

1- Biomechatronics and Cognitive Engineering Research Laboratory, School of Mechanical Engineering, Iran University of Technology, Tehran, Iran
2- School of Mechanical Engineering, University of Tehran, Tehran, Iran
*P.0.B. 16846-13114, Tehran, Iran, b_beigzadeh@iust.ac.ir

ARTICLE INFORMATION ABSTRACT

Once the concept of passive walking appeared, control of biped robots based on dynamically stable
periodic gaits around a stable limit cycle became of interest to many researchers and it has further
accelerated. The authors have previously shown that in addition to passive walking, a passive, biped
walker could interestingly show asymptotically stable turning motion over a novel 3D surface called
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"helical slope". In this paper, based on passive turning concept, a control method would be offered

g?%"e"éogfgot which is effective for 3D biped robots. The approach is based on potential energy shaping that is usually
Passive Walking applied for walking control. In the proposed method, asymptotically stable passive turning motions that
Turning are performed on a certain helical slope are projected to 3D motions over flat ground and along a
Flat Feet

circular path (which is the image of the helical slope on the ground). The biped model used in this
study, is a 3D model of compass gait robot with flat feet and flexible ankles that could generate stable
passive turning motions. The simulation results show the effectiveness of the proposed method as well.

Asymptotical stability
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Fig. 1 (a) 3D compass-gait biped model including finite hip
width, flat feet and ankle springs. (b) Schematic details of ankle
joint owning 3 Euler angle DOFs and related torsional springs
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Fig. 2 Representing 4 DOFs of biped walker in general case
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of gravity vector and creating a virtual gravity vector witch
can revolve around vertical axis
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Fig. 12 Robot’s COM position over 2400 steps of controlled
turning on level ground
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Fig. 14 State variables over one stride (two steps) of controlled
turning of robot on level ground
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Fig. 16 Comparison of phase plot of one leg’s pitch angle over
one stride (two steps). Dashed-line: passive turning on helical
ramp, Solid-line: equal controlled turning on level ground
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Fig. 15 Control input torques related to each DOF over one
stride (two steps) of controlled turning of robot on level ground
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