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Abstract of Thesis

To realize robotic circular reproduction, three robotic manipulation tasks are required: assembly, disassembly, and handling
various objects. These tasks are essential for realizing an automated, sustainable loop of product life cycle. However, these
tasks become more challenging in uncertain environments. The challenge can be caused by the lack of precise information
about objects or inaccuracies in perception systems. This research explores how robots can implement these tasks in uncertain
environments. The thesis includes three main topics: assembly under large positional error, disassembly in the face of
positional deviations, and the handling thin objects under disturbance.

In the first topic, we designed a high-compliance soft wrist. An insertion strategy using a soft wrist is proposed, including two
approaches: self-adaptive hole searching and peg aligning. We extend the concept of "attractive region" by creating a
configuration space of potential and use it to explain the condition that the peg cannot escape from the hole. The effectiveness
of the proposed strategy has been validated through a series of insertion experiments.

In my second work, we designed a stiffness-changeable chain mail wrist based on the jamming technique. With the stiffness-
changeable chain mail wrist, the robot can grasp with low-stiffness mode to adapt to the uncertainty. Then the wrist switches to
the high-stiffness mode for unplugging. This mode reshapes the wrist and helps to exert a large pulling force to overcome
friction. The proposed methods enable a cost-effective robot system to handle disassembly tasks with high uncertainty in a
sensorless way. The experiments investigated the properties of the soft wrist and validated its performance and robustness in
disassembly tasks.

In my third work, We proposed a grasping strategy called prying grasp for picking thin objects. We analyze the prying
mechanism and make clear a condition for the finger force to perform the prying grasp successfully. We introduce a failure
detection and recovery strategy to perform the prying grasp under disturbance. In the experiments, we evaluate the
performances of the prying grasp strategy by using a two-fingered gripper.

Overall, this thesis not only proposes new approaches for robotic circular reproduction in uncertain environments by utilizing
compliant mechanisms. The potential of these methods is validated through experiments.
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