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Optimal control methods provide solutions to safety-critical problems but easily become intractable. 
Control Barrier Functions (CBFs) have emerged as a popular technique that facilitates their solution 
by provably guaranteeing safety, through their forward invariance property, trading off 
conservativeness with performance. This approach involves defining a performance objective 
alongside CBF-based safety constraints that are always enforced and it depends on the selection of 
tunable parameters. Rather than heuristically tuning these critical parameters, a systematic 
Reinforcement Learning (RL) approach can be used to learn the optimal parameters in a bi-level 
optimization setting where safety is always guaranteed even during on-line training. 

This framework is applied to Connected Automated Vehicle (CAVs) in transportation systems where 
the objective is to jointly minimize the travel time and energy consumption for each vehicle subject 
to speed, acceleration, and speed-dependent safety constraints. The situation is more challenging in 
mixed traffic where both CAVs and Human Driven Vehicles (HDVs) must interact. We show that this 
approach can often be robust to the behavior of HDVs despite their uncontrollable and unpredictable 
behaviors. In a more general non-cooperative game setting, we will present a Cooperative 
Compliance Control (CCC) approach using a “refundable toll” scheme to achieve a desired 
compliance probability through a feedback control mechanism combining global (social) with local 
(individual) components.

Optimizing Autonomous Multi-Agent Systems With Safety 
Guarantees: Making Autonomous Vehicles a Reality
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the Division of Systems Engineering, Professor of Electrical and Computer Engineering, and co-
founder of Boston University’s Center for Information and Systems Engineering (CISE). He received a 
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