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Abstract: This lecture is concerned with the analysis and design of cyber-physical
systems, i.e. systems typically controlled via closed-loop computer-based algorithms
and tightly integrated with the behavior of their users. We start with presenting the
design of an e-bike system: the system, deployed on a real-world testbed, lever-
ages tools from data analytics and control to manage the interactions between the
cyclist and the bike motor. The ultimate goal is to influence the cyclist behavior,
minimizing the intake of environmental pollution. After having discussed the main
design challenges for the e-bike, we illustrate how similar solutions can be used to
design smarter connected and automated vehicles: both the design of pedestrian-
aware energy management systems for hybrid vehicles and of platoon systems are
discussed. Finally, after presenting experimental evidences for the effectiveness of
our algorithms, we present some of the underlying theory. In particular, we focus
on optimal decision making under uncertainty, privacy and resilience in multi-agent
systems. The lecture is concluded with a final application, where control-theoretical
tools and reinforcement learning are used to design a learning agent that is able to
beat the Atari game Pong with little training.
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