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VIA 
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THE PROBLEM
SIMULATION REALITY

Tedrake et al. 2014, MIT

Tonneau et al. 2016, LAAS

DARPA ROBOTICS CHALLENGE 
June 2015, California 

16 biped robots participated 
15 biped robots fell
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Robust Model Predictive Control
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…in a controlled simulation environment with 
no noises, no modeling errors and no delays

WALKING IS EASY!



But what if we add noise to  
the joint torques?



…or if we add delays in  
the velocity estimation?



…or if we introduce errors in the 
inertial parameters of the robot?



We propose to use robust 
optimization to design controllers 
that are robust to uncertainties in 

the joint torques
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minimize
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B(x+ e) + b � 0

Torque  
tracking  

error

e ⇠ N (0,⌃) |e|  emax

Option 1 Option 2

B(x+ e) + b � 0 8eP (B(x+ e) + b � 0) � 0.99
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DRILLING TASK



And what about uncertainties 
in the inertial parameters?

Joint work with Nirmal Giftsun, PhD candidate
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Inertial Parameter Robustness
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Inertial Parameter Robustness

Robust Controller



Inertial Parameter Robustness

Unreachable Target

Reachable Target



And what about the other 
uncertainties?



Identify sensors & model uncertainties

Estimate state uncertainties

Plan a motion robust to uncertainties

Find control robust to model/state uncertainties

OFFLINE

ONLINE

Robust Robotics



Expected Results
Provide 

performance 
guarantees

Improve 
performance

Identify 
hardware 

bottlenecks

Control

Design
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