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Introduction
A hybrid system is a dynamic system that involves both continuous and discrete event dynamics. The

state of the hybrid system can not only flow, but also jump (as a consequence of discrete events and

logics). Hybrid systems are ubiquitous in our modern technological world and the relevance of this

kind of systems calls for control techniques that can tame the complexity of the problem and, most

importantly, provide with efficient solutions also in the presence of uncertainty .

•Cognitive adaptive control aims at minimizing an objective function related to system performance. Cognitive adaptive control combines: an approximate solution

to the Hamilton-Jacobi-Bellman (HJB) equation associated with the optimal control problem; and a cognitive adaptive optimization algorithm that online updates

the control law to approach the optimal solution defined by the HJB equation.

•Sum-of-squares optimization has been successfully applied in the control engineering field (constrained or unconstrained optimization of polynomial functions,

mixed continuous-discrete optimization, finding Lyapunov or Bendixson-Dulac functions for nonlinear dynamical systems, or, more generally, problems that deal

with basic semialgebraic sets). We want to use it in an adaptive control setting.

•Bayesian adaptive control, also know as dual adaptive control. It is called dual because in controlling such a system the controller’s objectives are twofold:

1.Action: control the system as well as possible based on current system knowledge

2. Investigation: probe the system and learn about its behaviour to control it better in the future.

Cognitive adaptive control
The extension of cognitive adaptive control to hybrid systems is to a great extent an unexplored research field. We

want to develop adaptive methods for uncertain hybrid systems that are able to compute control actions driving

the hybrid system dynamics toward optimal operational regimes. The following aspects will be the object of the

research:

-Approximate (hybrid) dynamic programming : nearly-optimal approximation in the hybrid setting; approximating

and learning value functions and guard functions, policy and value iterations for hybrid systems; tractability and

scalability to large-scale systems;

-Adaptive optimization for hybrid systems: extension of the cognitive adaptive methodology for solving adaptively

the framework for optimal control of general classes of hybrid systems, with continuous and discrete actions,

controlled jumps and switching instants.

Semidefinite programming-based adaptive control
SOS programs can be converted to semidefinite programs (SDPs) and solved efficiently. As sum-of-squares

optimization techniques have been formulated for classes of hybrid or nonlinear systems we want to develop of

sum-of-squares optimization techniques aiming at solving the following problems:

- Input-saturated systems: optimal control with anti wind-up action of nonlinear and hybrid (uncertain) systems

subject to input saturation;

-Adaptive dynamic programming: policy and value iteration algorithms for control of hybrid systems (sub-

ject to general classes of input nonlinearities or piecewise affine systems) and of general classes of nonlinear

systems (beyond the input-affine class);

-Output feedback control: static output feedback or PID-type control for classes of hybrid systems.

Bayesian adaptive control
The solution to the optimal dual control problem is intractable from a computational point of view: it

is thus important to develop approximation techniques to obtain suboptimal dual controllers (cautious

controller + probing action features). Nowadays, more advanced methods and software tools can be

employed to solve the stochastic optimal control problem arising from Bayesian adaptive control. The

following topics must be investigated:

-Comparisons between optimal and sub-optimal dual controllers: for ad-hoc formulations that can be

solved analytically;

-Solution of the dual control problem via sum-of-square optimization: for ad-hoc small-scale problems

that allows investigation and visualisation of results;
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