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Abstract

The port-Hamiltonian (PH) framework has been extensively
used to model physical systems. One of the main advan-
tages of this modeling approach is that it provides a system-
atic procedure to obtain mathematical models that capture
the nonlinear phenomena and preserve conservation laws
present in physical systems [1]. Additionally, in this frame-
work, the roles of the interconnection pattern, the dissipa-
tion, and the energy are underscored. Thus, a natural way to
control passive systems is to design controllers that give the
desired shape to the energy of the closed-loop system. This
process is known as energy-shaping and it is the main idea
of several passivity-based control (PBC) approaches.

While PBC techniques have been proved to be effective to
solve the stabilization problem of physical systems [2], [3],
some important issues, that might arise during the imple-
mentation of these controllers, are not addressed by these
techniques, e.g., the lack of sensors to measure some vari-
ables or constraints in the actuators. Indeed, these are perva-
sive problems in nonlinear control, therefore, finding a solu-
tion to them is paramount from a practical perspective.

In this work, we propose a PBC approach that deals with the
problem of set-point regulation for a class of physical sys-
tems. Moreover, this approach has the following appealing
features

• It obviates the necessity of solving partial differential
equations, which, in general, are one of the main con-
straints of the PBC techniques.

• The controllers derived from this approach are sat-
urated, and the saturation limits can be straightfor-
wardly adjusted.

• The control design only requires a partial measure-
ment of the state. Particularly for mechanical sys-
tems, it is not necessary to measure the velocities (mo-
menta).

• It is possible to include an integral-like term that en-
sures the convergence of the steady-state error to zero.

The proposed PBC approach follows the ideas previously
reported in [4] and [5]. As proposed in the latter, the control

design requires the definition of a “virtual state” whose dy-
namics are designed in such a way that it is possible to inject
damping in coordinates that cannot be measured. Moreover,
a direct extension of the results reported in [4] ensures the
saturation of the control signal. This is sometimes required
to avoid malfunctions in the actuators of physical systems.

With the aim of presenting our results, we, first, provide a
characterization of the PH systems for which the proposed
PBC approach is suitable. Towards this goal, we provide as-
sumptions that can be verified in a systematic way. Then, we
proceed with the control design, and we provide the stabil-
ity analysis of the closed-loop system, which is carried out
using passivity arguments and Lyapunov theory. Finally, we
illustrate the applicability of the technique through the ex-
perimental results obtained for a planar robot with two links
and flexible joints.
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