Safety-Critical Control with Sector-Bounded Uncertainties

ENGINEERING
RESEARCH SYMPOSIUM
UNIVERSITY OF MICHIGAN

using Robust Control Barrier Function

MICHIGAN — ghih-Chi Liao!, Jyot Buch?, Peter Seiler

ENGINEERING

universiry oF mickican | El€ctrical Engineering and Computer Science, University of Michigan, Ann Arbor, MI.

2Aerospace Engineering and Mechanics, University of Minnesota, Twin Cities, MN.

Robust Safety Filter

CBF - Unsafe Trajectory Safety filter is cast as an optimization problem with RCBF constraint:

Uncertainty

A u*(x) = arg min ||u — upl|2
R [z

> s.t.
Baseline Trajectory

inf Az, u,w) +n(h(z)) >0
Obstacle L

+ Can be reformulated as Second-Order Cone Program (SOCP), a
convex problem that can be solved efficiently
o If u*(x) is feasible, u*(x) render the system safe forward in time.

Vehicle Lateral Control

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

« 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.

Objectives

Design a safety filter that minimally alters baseline controller and
satisfy safety requirements despite the model uncertainty ¢.
Vehicle model:
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Simulation with the worst-case uncertain system:

—Baseline ~=~~CBF - - ~Robust CBF [_JUnsafe Region

Uncertainty and RCBF

Sector-bounded Uncertainty ¢ (w): 2
A function with uncertain output

» Bound by two linear functions } = 3
« Can rewrite into norm-bounded form u s

with an additive uncertain input w and Simulation with varying robustness level of RCBF design:
a magnitude parameter 6 =0.6 —0 =0.1 —0 =0.2 —LQR [_]Unsafc Region|
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Robust Control Barrier Function h(x):
» A function describes safety E
» System is safe for all uncertainty in ¢ ‘
if the condition holds:

Region

(z,u,w) +n(h(z)) >0

inf h
weW

hix,u, @)

Conclusions

Uncertainty ~-=~_ RCBF - Safe Trajectory
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Obstacle Baseline Trajectory

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
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