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Summary

This thesis proposes new formation control algorithms for networks of port-
Hamiltonian systems. Formation control is a specific type of coordination control,
where the goal is to achieve a prescribed geometrical shape for the network. Port-
Hamiltonian systems theory provides an energy-based framework for the modeling,
analysis, and control design for nonlinear, multi-domain systems. The two applica-
tion areas considered in this thesis are dike inspection using robotic sensor networks
and formation flying of satellites. Both application areas require exact formation
control to obtain high resolution measurements. Formation control algorithms
are developed for three different types of agents: point masses, wheeled robots,
and satellites. In addition to the standard formation control problem, the related
problems of formation control in the presence of Coulomb friction, deployment,
velocity tracking , input disturbance rejection, and orbital phasing are studied.

Formation control of networks of port-Hamiltonian systems requires distributed
controllers which can deal with large networks of complex dynamical agents.
Distributed controllers provide modular, scalable controllers for networks with
many agents. For the three types of dynamical agents considered in this thesis, the
complex dynamics pose additional challenges for the controller design. For point
masses, Coulomb friction renders the agent dynamics non-smooth, which disables
standard continuous controllers to achieve exact formation control. The wheeled
robots are subject to a nonholonomic constraint, which reduces the degrees of
freedom of the robot. For satellites the gravitational field of planet earth renders
the satellite dynamics nonlinear.

The results in this thesis build upon the theory of port-Hamiltonian systems on
graphs and a passivity-based approach for the coordination of networks. For the
three types of agents considered, formation control is achieved by assigning virtual
couplings between the agents in the network. Each virtual coupling consists of a
spring and damper in parallel, while the interconnection topology is modeled by an
undirected graph. For a network of point masses subject to discontinuous Coulomb
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friction it is shown that a discontinuous counterpart to the standard continuous
spring is required to achieve exact formations. Deployment is achieved by assigning
virtual couplings between the agents and two virtual walls, which are positioned
at prescribed reference points. Formation control for a network of wheeled robots
is achieved by assigning virtual couplings between the front end of the robots,
rather than the center of mass. For velocity tracking, error dynamics with respect
to the reference velocity are derived using generalized canonical transformations.
Stabilizing these error dynamics achieves convergence to the reference velocity. An
internal model controller counteracts harmonic matched input disturbances with
unknown frequency and amplitude. Finally, the concept of virtual couplings has
shown its versatility, by a successful application to the orbital phasing problem for
a network of satellites on circular orbits.

The approach presented in this thesis provides an extension of a passivity-based
approach for group coordination to port-Hamiltonian systems. Moreover, the use
of non-smooth analysis tools is completely new in port-Hamiltonian systems theory,
which enables the generalization of existing non-smooth theory to port-Hamiltonian
systems. Virtual couplings are applicable to various types of systems and their phys-
ical interpretation facilitates their use by practitioners. Furthermore, the physical
structure of port-Hamiltonian models provides intrinsic robustness to the results.
Results are illustrated and validated with experimental and extensive simulation
results, which provide an important first step towards future implementation in
practice.


