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Forceful Manipulation
with Hand Tools
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What choices does the robot need to make
at each stage?

Decision Variables and Constraints
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Frictional Joint




Planar Patch Contacts




Limit Surface

S. Goyal, A. Ruina, and J. Papadopoulos, “Planar sliding with dry friction part 1. limit surface and moment function,” Wear, 1991
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S. Goyal, A. Ruina, and J. Papadopoulos, “Planar sliding with dry friction part 1. limit surface and moment function,” Wear, 1991
N. Xydas and I. Kao, “Modeling of contact mechanics and friction limit surfaces for soft fingers in robotics, with experimental results,” IJRR, 1999.
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Follows?
Strong?
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Dmitry Berenson. “Constrained Manipulation Planning,” Carnegie Mellon University, 2011.
Chen, Lipeng, Luis FC Figueredo, and Mehmet Dogar. "Manipulation planning under changing external forces." IROS. IEEE, 2018.



What if we violate these constraints?

Torque Fault!
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Tool Use as a constraint satisfaction problem
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Tool Use as a constraint satisfaction problem

e with continuous
variables like paths and poses

* a variety of kinematic, actuation,
friction and environment
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