
Safety-Critical Event Triggered Control via
Input-to-State Safe Barrier Functions

Andrew Taylor1 Pio Ong2 Jorge Cortés2 Aaron Ames1

1Computing and Mathematical Sciences

California Institute of Technology
2Mechanical and Aerospace Engineering

University of California at San Diego

December 17th, 2020

Control & Decision Conference (CDC) 2020

Andrew J. Taylor 1



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

[1] R. Grandia, A. J. Taylor, M. Hutter, A. D. Ames, Multi-

Layered Safety for Legged Robotics via Control Barrier Functions 

and Model Predictive Control, 2020.  
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Claim: Need to Bridge the Gap

Bridge the 
Gap

Theorems & Proofs Experimental Realization
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Contributions
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• Framework for achieving event triggered control for system 
safety via Input-to-State Safe Barrier Functions (ISSf-BFs)

• Analysis of changes in event triggered conditions from 
stability to safety through a pathological example

• Evaluation of minimum interevent time (MIET) using ISSf-BF 
trigger law



System Dynamics

Mathematical Model System Model

Equations of Motion
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Control barrier functions, 2018.
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ISSf Barrier Functions

Safety = Forward Invariance  



Event Triggered Safety

Zeroing Barrier Functions
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[5] P. Ong, J. Cortés, Event-triggered 

control design with performance barriers, 

2018.

[6] G. Yang, et. al., Self-triggered 

control for safety critical systems using 

control barrier functions, 2019.
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Trigger Law

Tangential Motion

What about the boundary?

Stabilization is to an 
equilibrium point!
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System Event Triggered

Safety Condition
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Infinite Events

Assume MIET

Convergence to Boundary

Taylor Expansion

Tangential dynamics on the boundary!

[9] D. P. Borgers, W. P. M. H. Heemels, Event-Separation 

Properties of Event-Triggered Control Systems, 2014. 
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Event Triggered Safety with MIET
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Assumptions Trigger Law

Safe + MIET
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Extended Set

Set Dialation



Simulation Results
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Conclusions

• Input-to-State Safe Barrier Functions 
offer solution for resource efficient event 
triggered safety

• Event-triggered set invariance faces 
challenges not encountered by event-
triggered stabilization methods

• Event-triggered stabilization and safety 
with can be achieved simultaneously 
using multiple trigger laws.
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Thank You!

Safety-Critical Event Triggered Control 

via Input-to-State Safe Barrier Functions

Andrew Taylor Pio Ong Jorge Cortés Aaron Ames
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