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Course description:

First we start with the basic concepts of port-based network modeling, where complex lumped-parameter multi-
physics systems are systematically modeled as networks of ideal components linked by energy-flow. We show
how this immediately leads to a differential equation representation that is in generalized Hamiltonian form,
including the standard conservative Hamiltonian systems based on the exchange of energy between different
energy storages; e.g., in the mechanical domain between potential and kinetic energy. Furthermore, we discuss
how the port-Hamiltonian representation leads to other useful representations such as the Brayton-Moser
equations. We show how port-Hamiltonian models not only reflect the energy flow in the system, but also
capture the other basic physical conservation laws, such as conservation of momentum or charge. This will be
amply illustrated on a number of applications stemming from mechanics, mechatronics, hydraulic systems,
MEMS, and power systems. We also show how distributed-parameter (partial-differential equation) components
are incorporated in this broadly applicable modeling approach to nonlinear multi-physics systems.

In the second part of the course we show how this port-Hamiltonian framework serves as a starting point for
deriving control strategies that explicitly take into account the physical

properties of the nonlinear system. The two main approaches are ‘control by interconnection' for port-
Hamiltonian systems, and the related approach of 'interconnection-damping assignment' where control is used to
obtain a 'virtual' physical system with desired properties. We discuss how these approaches can be applied to
multi-physics systems incorporating infinite-dimensional components such as, e.g., power systems with
transmission lines and hydraulic systems with fluid dynamic components.
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