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Control in the real world is hard
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But: Pretty when it works…

[1] W. Ma, et al., Bipedal robotic running with durus-2d: 
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Contributions
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• Framework for achieving safety of uncertain systems via 
Adaptive Control Barrier Functions (aCBFs)

• Analysis of the conservative nature of the aCBF conditions 
through a pathological example

• Combination of adaptive control methods for stabilization and 
safety demonstrated on an Adaptive Cruise Control system
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Safety = Forward Invariance  
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[8] M. Jankovic, Robust control barrier functions for 
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CLF-CBF Quadratic Program[8]
CBF Quadratic Program[6]

Safety = Forward Invariance  
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• Adaptive Control
• System Identification
• Machine Learning
• High-gain control

• Adaptive Control[9]

• System Identification[10]

• Machine Learning[11]

• High-gain control[12]
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[9] M. Krstic, et al., Nonlinear Adaptive Control Design

[10] L. Ljung, System Identification

[11] J. Kober, et al., Reinforcement learning in robotics: A survey 

[12] A. Ilchmann, et al., High‐gain control without identification: a survey
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[13] M. Krstic, P.V. Kokotovic, Control Lyapunov functions for adaptive 

nonlinear stabilization, 1995.

Composite Lyapunov Function

Parameter Error

Update Law

LaSalle’s Invariance Principle

Only sublevel sets of     are forward invariant  
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Adaptively Safe

Adaptive Control Barrier Functions (aCBFs)

Parametric Safe Sets

[14] S. Prajna, Optimization-based methods for nonlinear 

and hybrid systems verification, 2005.

[15] P. Wieland and F. Allgöwer, Constructive safety using 

control barrier functions, 2007.
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Update Law
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Composite Invariance
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Why not                                                      ?

[16] M. Nagumo, Über die lage der integralkurven gewöhnlicher

differentialgleichungen, 1942.
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[17] L. Perko, Differential equations and dynamical systems, 2013.
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States and Parameters

Dynamics

Safety Objective

Adaptive CBF

aCLF-aCBF-QP
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Conclusions

• Adaptive Control Barrier Functions 
offer solution for safety in the presence 
of parametric uncertainty

• Adaptive set invariance faces challenges 
not encountered by traditional adaptive 
stabilization methods

• Stabilization and safety with adaptation 
can be achieved simultaneously using 
aCLFs and aCBFs
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Follow-On Work

Andrew J. Taylor 23

Robust Adaptive Control Barrier Functions: An Adaptive 
& Data-Driven Approach to Safety (Extended Version)
Brett T. Lopez, Jean-Jacques E. Slotine, Jonathan P. How
arXiv preprint arXiv:2003.10028, 2020.



Thank You!
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