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Abstract

Modern autonomous systems, ranging from robots and medical devices to intelligent vehicles and energy systems, must
operate safely and reliably in uncertain and dynamic environments. Their decision-making processes naturally unfold on
multiple time scales: rapid control actions are required to ensure stability and safety in real time, while learning and
adaptation evolve more gradually as data is collected over repeated interactions.

In this talk, | present model predictive control as a principled framework for real-time, constraint-aware decision making.
Predictive control provides a mathematically grounded mechanism to compute safe and performance-oriented actions under
physical limitations through repeated optimisation. At the same time, machine learning enables systems to adapt and
Improve their internal models, refine objectives, and reduce uncertainty over longer horizons. However, integrating learning
into safety-critical decision-making raises a fundamental question: how can we enhance performance and adaptability
without compromising formal safety and stability guarantees?

We discuss how learning-based methods—such as Gaussian processes, neural networks, and Bayesian optimisation—can
be integrated into predictive control without sacrificing safety or performance guarantees. The central idea is to explicitly
account for the uncertainty introduced by learned components within the decision-making process itself. This leads naturally
to hierarchical, multi-time-scale architectures in which fast control layers enforce safety and constraint satisfaction, while
slower learning layers enhance long-term performance.

Applications in robotics, autonomous vehicles, chemical processes, and exoskeleton systems illustrate how repeated
interaction and structured learning can systematically improve behaviour while retaining formal guarantees. Finally, | outline
emerging directions toward context-aware and semantically informed decision-making frameworks that combine data-driven
Intelligence with rigorous system-theoretic foundations.
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