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Abstract of Thesis

Human workers are still highly engaged in assembly factories. In order to assemble a product, human
workers have to pick up different assembly parts from a large storage area and transport them to the
assembly line for assembly. Mobile manipulators are able to operate in a large workspace and have the
potential to replace human workers in assembly factories. Especially, the current mobile manipulators are
well-suited for part-supply tasks in a structured environment.

In this thesis, | consider the possible applications of mobile manipulators to the automation in an assembly
factory. | assume the application scenario is that the mobile manipulators pick up the assembly parts from
the storage area and transport them to the assembly line, and then these assembly parts are assembled by
(mobile) manipulators. The involved robotic operations are (1) moving the mobile manipulator to the
positions where the assembly parts are reachable for picking, (2) moving the manipulator to a picking
configuration, and (3) grasping and assembling the assembly parts of various shapes and sizes. | approach
this problem from a three-layer hierarchy, i.e., task-level planning, motion-level planning, and grasp-level
planning, to improve the efficiency of performing the part-supply, grasping, and assembly tasks.

At the task level, | present a planner to plan a minimal sequence of robust positions to pick up assembly
parts from different trays. The positioning uncertainty of the mobile base is considered to improve the
robustness of the pick-and-place tasks. Considering the practical implementation, | also discussed object
placement styles and the update of the planned base positions, which further increases the robustness. At
the motion level, | present an optimization-based motion planner for dynamic grasping, i.e., picking up
the object during the whole-body motion of the manipulator and the mobile base. The simultaneous motion
of the manipulator and the base further reduces the operation time and improves the overall efficiency. At
the grasp layer, | consider the grasping and assembly of the assembly parts product. The robotic grippers
have to robustly grasp assembly parts of various shapes and sizes. In addition, once the assembly parts
are efficiently picked by the mobile manipulators, these assembly products are assembled by robotic
manipulators. For high-mix low-volume assembly tasks, the assembly products frequently change. As a
result, the grippers for the grasping and assembly tasks are required to change as well. | propose a method
for efficient gripper selection and design to meet the demand for high-mix low-volume assembly
production.
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