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Autonomy in the real world is hard



But: /ÙÌÛÛàɯÞÏÌÕɯÐÛɯÞÖÙÒÚȱ

Ma, Kolathaya , Ambrose, Hubicki , Ames, HSCC 2017



Question: How do we make safety guarantees?



Autonomy: The Big Picture
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Reher , Ma, AA, ECC 2019
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Low Level Control
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Control barrier functions Control Lyapunov Functions

stability



Control Lyapunov Functions
Control Lyapunov Functions

stability
Lyapunov(1892) 

Sontag (1989) 
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Control Lyapunov Functions
Control Lyapunov Functions

stability
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Human -Like Walking

AA, TAC 2014

AA, Galloway, Sreenath , Grizzle, TAC 2014

Reher , Hereid , Kolathaya , Hubicki , AA, WAFR 2016

+ Theorem Stable Walking 



Gurriet , Finet , Boeris , Hereid , Harib , Masselin , Grizzle, AA, ICRA 2018

First dynamic walking (without crutches) for paraplegics

+ Theorem Stable Walking 
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Rapid Gait Generation on Quadrupeds

Ma, AA, ICRA 2020

+ Theorem Stable Walking 



Application to Quadrupeds

Ma, AA, ICRA 2020, CSL 2020

+ Theorem Stable Walking 



3ÏÌÖÙÌÔÚɯÐÔ×ÓàɯÎÌÕÌÙÈÓÐÛàȱ
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Simulation vs. Reality

Lab ExperimentsFlat Ground Outdoor Walking

Rough Terrain Walking

+ Theorem Stable Walking 



16Reher , Ma, AA, ECC 2019

Safety-Critical Walking
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Control Lyapunov Functions

stability

Control barrier functions



Control barrier functions

Embedding

ᵓ

Need something more general than 
Lyapunov

Control Lyapunov Functions

stability

AA, Coogan, Egerstedt , Notomista , Sreenath , Tabuada , ECC 2019 

(includes brief history)


