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ABSTRACT 

Vision-based autonomous rope manipulation, for example, knot tying, is an important but Vision-based autonomous rope 
manipulation, for example, knot tying, is an important but challenging task in robotics. Ropes have a high-dimensional 
state space which makes visual perception challenging. Their dynamics is much more complex compared to rigid objects, 
commonly approximated by Finite Element Methods. When a robot manipulates a rope, the robot faces a high-
dimensional action space and under-actuation of the rope, making common planning algorithms either non-applicable or 
computationally expensive. In this talk I will present learning-based methods for the perception, dynamics modeling, and 
motion planning for rope manipulation and knot tying. Data efficiency is a significant challenge due to high dimensionality. 
We observe structures in the perception and dynamics modeling of ropes, and encode them as induction biases in the 
learning algorithm. More importantly, we propose a self-supervised learning objective that enables continuous, self-
supervised training of rope state estimation on real images, eliminating the need for very expensive annotations. When 
planning for the robot motions to achieve knotting tasks, we propose a two-level hierarchical planner, and learn a 
collection of topological motion primitives which ground high-level abstract steps to concrete robot motions. The learning 
algorithm is designed to facilitate generalization to new rope configurations and new knotting tasks. 
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