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Abstract

This thesis is concerned with developing nonlinear control concepts for robotic ma
nipulation. The main part consists of two problem classes which in principle can be
studied separately from each other.

The first problem class deals with manipulators which are in contact with the
environment. It is assumed that the contact induces constraints on the end-effector
which can be modeled by algebraic equations. The basic control goal then consists
of controlling the constrained motion while simultaneously stabilizing the contact
wrench. In particular, it is required that motion and contact wrench converge inde
pendently. It will be shown, that the equations of motion can be decoupled into a
motion loop and a force loop by applying a mass-orthogonal splitting. This makes it
possible to design independent controllaws. For systems with friction the decoupling
is obtained by using a splitting which is orthogonal with respect to a transformed
mass metric. In order to achieve independent stability for position and force, the
definition of a force error has to be reconsidered, leading to a proper definition of
the reference wrench. We conclude the theoretical part with a discussion on various
control concepts for position and force.

These control concepts can also be applied to unconstrained manipulators. If the
reference contact wrench is equal to zero and the initial conditions are appropriate,
the controlled motion will evolve on the manifold defined by the algebraic equations.
This consideration has motivated the treatment of the following second problem
class.

The reference motion of a manipulator can be defined by the solution of a sys
tem of time-dependent algebraic equations. Correspondingly, the tracking problem
is concerned with stabilizing the solution set of these equations. This implicit ap
proach incorporates various advantages. For instance there are applications where
the reference motion is naturally defined by algebraic equations. In addition, this
method allows the convergence behaviour to be stabilized on a geometrie surface in
the configuration space. A possible application would be a pick and place problem
with obstacle avoidance. Finally, the function that defines the algebraic equations
can be interpreted as an error measure which determines the convergence properties
of the closed loop system. This is a generalization of the conventional tracking ap
proach which will be exploited in this work, in order to elaborate a control concept
for workspace trajectory tracking.

The principle goal of a workspace (task space or operational space) control
scheme is to track end-effector position and orientation independently from each
other. Classical methods are based on a local representation of the problem using
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some standard SE(3)-coordinates. In this work, a control algorithm is designed
which does not require any parameterization of either the reference or the actual
configuration. As a consequence the structure of the corresponding control algorithm
is invariant with respect to modifications of the reference trajectory. Also, there is
no need to chanze the chart for zloballv defined reference traces. The aooroach
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Konzept erarbeitet, welches keine lokale Darstellung der Soll- und Ist-Trajektorie
erfordert. Diese Eigenschaft macht die Struktur des Regelalgorithmus invariant
gegenüber Änderungen der Solltrajektorie. Die Methode basiert im wesentlichen
auf den folgenden drei Schritten. Der Fehler wird auf 8E(3) Ebene durch die Rela
tivbewegung zwischen Ist- und Sollkonfiguration des Endeffektors definiert. Sodann
wird die Relativkonfiguration in lokalen Koordinaten dargestellt. Daraus resultiert
ein implizites Regelproblem der oben angesprochenen Form. Begleitend wurde eine
interessante Karte für 80(3) hergeleitet, welche auf einer Skalierung des Logarith
mus beruht, und auf sehr kompakte und deshalb effizient auszuwertende Ausdrücke
führt. Im weiteren wurde das Problem der Interpolation auf 80(3) analysiert und
unter Verwendung der oben erwähnten Karte gelöst.


