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Abstract of Thesis

Multi-object rearrangement is a pivotal research challenge in robotics that typically involves finding a sequence of motion to
rearrange objects from an initial configuration to a goal configuration. Recent advancements in task and motion planning,
along with computer vision for perception, have substantially augmented the capabilities of robotic systems in object
manipulation. However, efficiently and robustly handling rearrangement tasks involving multiple objects, particularly those
with intricate object interdependencies, remains less explored.

Under this background, this dissertation focuses on advancing task and motion planning for complex multi-object
rearrangement problems. Specifically, it presents two novel combined planners tailored for 2D rearrangement tasks, i.e.,
sorting test tubes, and 3D rearrangement tasks, i.e., constructing spatial structures, respectively. The main contributions of the
dissertation are:

1. A combined task-level reinforcement learning and motion planning framework was proposed to efficiently solve a test
tube rearrangement problem. The framework has a closed algorithmic loop and incorporates various sensory feedback to
improve robustness and performance. In addition, a heuristic acceleration method was introduced for reinforcement
learning to expedite convergence.

2. Anintegrated robotic observation and data synthesis pipeline was developed to automatically prepare training data for
object detection networks. The pipeline significantly reduces the human effort in data preparation while maintaining
comparable performance to manual data preparation.

3. Atask and motion planner was proposed to plan optimal sequences for constructing spatial arrangements. The planner
can handle unstable intermediate states by autonomously identifying support grasps to maintain stability throughout
rearrangement.

4. A combined motion planning and compliant peg-in-hole control framework is proposed to conduct dual-arm assembly
motion. The framework enhances the capability of robot systems in handling complex rearrangement tasks with peg-in-
hole scenarios.

These contributions advance efficient and robust robotic manipulation of multiple objects, facilitating complex rearrangement
tasks across industrial domains.
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