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• 𝜃 ∈ ℝ𝑝 is unknown

• Design a controller so that 

is forward invariant, where

• Safe set described by multiple continuously 

differentiable functions

Control Objective



• is continuous

• for all                              

where

• Using robust control techniques to compensate 
for uncertainty leads to conservative control 
action

• Control objective can be accomplished 
by enforcing for each 𝑖 ∈ 1,2, … , 𝑑 :

for all 𝑥 in an open set       where
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Motivation

• Example: 



Using the update law,

Leads to,

Integral Concurrent Learning

We show that,

for all 𝑡 ∈ dom 𝜙, where

Compensation for Estimation Error

Estimator Design



We show that,

for all 𝑡 ∈ dom 𝜙, where

When    is bounded,

is computable

When                           for all

then               is exponentially 
regulated

Assumption 1

Assumption 2

Estimator Design

Compensation for Estimation Error



Control Design

Compensate for estimation error using:

Robust Term Adaptive Term



Control Design

Feasibility Condition (C2)
For each             and                there 

exists               such that, for every  

Recall, we wish to enforce:



Simulation


