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Robotic Bin Picking for Entangled Objects
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Robotic Bin picking is a valuable task in manufacturing, aiming to automate the assembly process by
utilizing robots to pick necessary objects from disorganized bins. This task eliminates the need for human
workers to arrange the objects or the usage of a large amount of part feeders. Previous studies have addressed
various challenges related to bin picking, such as processing visual information in heavily occluded scenes
and planning grasps under rich contact in densely cluttered environments. However, when objects with
complex shapes or deformable properties are randomly placed in a bin, they tend to get entangled, making it
difficult for the robot to pick up individual items. This poses challenges in perception, as the robot must be
capable of distinguishing between isolated objects and potentially tangled ones in a cluttered environment.
Manipulation is also difficult in planning effective and general disentangling motions due to the complexity
of estimating entanglement and executing real-world actions.

This dissertation introduces methods to develop unified, dexterous, and robust bin picking systems for
entangled objects. The target objects include both rigid (e.g., U-bolts, S-hooks) and deformable objects (wire
harnesses). My research enables the robot to flexibly perform appropriate actions based on the current
observation: (1) picking objects while avoiding entanglement and (2) performing disentangling manipulation
when the bin does not contain any isolated objects. The goal is to equip the robot with these two capabilities
for handling cluttered, complex-properties objects that are prone to entanglement, all without relying on their
models. | discuss how to design effective and dexterous motion primitives for separating entangled objects. |
also investigate how to infer the implicit and explicit representations for mapping these actions to the visual
or haptic perception. By leveraging both analytic and data-driven approaches, | study how to efficiently learn
from real-world and simulated environments under a set of criteria.

In this dissertation, | first provide a review of the progress in robot bin picking over the decades and analyze
the remaining challenges. Then, to address the problem of robotic bin picking for entangled objects, |
propose methods for visually abstracting entanglement, planning skillful disentangling motions,
automatically selecting picking strategies, and utilizing multiple sensory modalities. Finally, I conclude by
discussing the directions for future work in this research topic.
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