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Abstract of Thesis
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Abstract of Thesis

Robotic manipulation of large and heavy objects is challenging due to the limited kinematics and payload
of manipulators. This thesis focuses on nonprehensile manipulation of large and heavy objects by
effectively utilizing the contact with the environment. I begin by proposing a method for controlling a
pivoting gait to move an object where a robot iteratively tilts and rotates it around its vertices. The
pivoting gait is controlled by the graph model predictive control (MPC) by taking into account multiple
gait modes according to the contact states between the object and the environment. Furthermore, I propose
a manipulation planner to manipulate a general-shaped bulky object through pivoting, tumbling, and
regrasping. With these primitive motions, I realize the robotic manipulation of bulky objects in various
environments including obstacles. The motions of both pivoting and tumbling are generated by MPC.
However, systems with complex dynamics, including the pivoting and tumbling, wusually require long
horizons in the MPC which leads to a heavy computational load. To decrease the computational load, I
introduce basis functions to describe control inputs in the MPC. Compared with the standard MPC, the
proposed approach requires fewer input variables and faster. Through experiments, I show that a dual-
arm manipulator can move bulky objects to the goal location with the ability to resist external
disturbance and avoid obstacles. The proposed approach can be employed to automate the manipulation of

large and heavy objects
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