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• Safety has highest priority for many autonomous systems.
• Control Barrier Function (CBF) [1] is a method to ensure safety.

However, CBF requires perfect model of the system.
• Robust CBF (RCBF) is needed to handle uncertainties.

Sector-bounded Uncertainty 𝝓 𝒖 :
• A function with uncertain output
• Bound by two linear functions
• Can rewrite into norm-bounded form

with an additive uncertain input 𝑤 and
a magnitude parameter 𝜃

Vehicle Lateral Control

Design a safety filter that minimally alters baseline controller and
satisfy safety requirements despite the model uncertainty 𝝓.

Safety filter is cast as an optimization problem with RCBF constraint:

• Can be reformulated as Second-Order Cone Program (SOCP), a
convex problem that can be solved efficiently

• If 𝑢∗ 𝑥 is feasible, 𝑢∗ 𝑥 render the system safe forward in time.

With the RCBF-based safety filter, the autonomous system can:
• Provide robust safety guarantee
• Consider uncertainties explicitly
• Enable applications for a more general setting

In our paper [2], we further discuss followings:
• Proof of robust safety guarantee
• Reformulation and derivation of SOCP
• Continuity of the RCBF-based safety filter
• Limitation of RCBF-based safety filter
• Extensions and future work

Obstacle avoidance scenario:
• Constant vehicle forward speed
• Uncertainty in turning interaction

Vehicle model:
• 𝑒: lateral deviation from path
• 𝑠: path progression
• 𝜓: vehicle heading
• 𝑢: steering input

Simulation with the worst-case uncertain system:

Simulation with varying robustness level of RCBF design:

Robust Control Barrier Function 𝒉 𝒙 :
• A function describes safety
• System is safe for all uncertainty in 𝜙

if the condition holds:
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Our paper: Our code:


