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Abstract

Optimal Control of Biped Robot for Lateral Stepping on Slope
Milad Taher Khorsandi

Lately, many researchers have focused on walking of the biped robots in the sagittal plane. In
one hand, biped robots require the capability to step merely laterally, in confronting the
obstacles such as a wall. On the other hand, the dynamic equations of a biped robot in the
lateral plane are extremely nonlinear and heavy to control. Therefore, this project presents a
nonlinear sliding-mode tracking control for the biped robots that step purely in the lateral
plane on slope. A three-link planer model is considered as a model of the Biped robot in the
lateral plane. Both single support phase and double support phase have been negotiated to
take the Zero Moment Point (ZMP) inside the support polygon. Sliding-mode control is used
as the method with proper performance due to its fundamental property of robustness and
invariance to model parametric uncertainties. When sliding-mode control is utilized to track
the desired trajectories of the joints, there has to be a trade-off between tracking errors and
control efforts. Thus, the coefficients of sliding-mode control have to be determined
optimally. Multi-objective particle swarm optimization algorithm is used to obtain the Pareto
front of these non-commensurable objective functions to determinate the sliding-mode
parameters. The obtained Pareto front by the multi-objective algorithm is contrasted with two

prominent and performable algorithms, modified NSGAII and Sigma method.

Keywords: Biped Robot; Sliding-Mode Tracking Control; Particle Swarm Optimization;

Multi-objective Optimization; Lateral Stepping; Slope; Zero Moment Point.
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! Bipedal robot

2 ASIMO

*TOPIO

* Nano robots

® Swarm robots

® Industrial robots

’ Military robots

® Mobile and servicing robots
° Prosthesis

19 Orthosis
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! Autonomous

2 Balance

® Automatic machine

* Autonomous machine


http://wot.motortrend.com/a-friend-for-asimo-gm-nasa-partner-to-build-humanoid-robot-7432.html
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! Big Dog

2 Boston Dynamics

® Foster-Miller

* NASA Jet Propulsion Laboratory

® Harvard University Concord Field Station


http://en.wikipedia.org/wiki/Boston_Dynamics
http://en.wikipedia.org/wiki/Jet_Propulsion_Laboratory
http://en.wikipedia.org/wiki/Harvard_University_Concord_Field_Station

