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S U M M A RY

In this thesis, we used ideas and results from control theory to
study several problems for two types of nonsmooth dynamical
systems; linear multi-modal systems and multi-agent systems
with a nonlinear communication protocol.

The first problem that we addressed is the disturbance decou-
pling problem for linear multi-modal systems. We started by
studying the disturbance decoupling problem for a simple class
of piecewise linear systems: continuous bimodal systems. We
presented necessary and sufficient conditions for such systems
to be disturbance decoupled. Furthermore, we have given a
complete characterization of the solvability of the disturbance
decoupling problem with both state feedback controllers and
dynamic feedback controllers.

Thereupon we directed our attention to more general con-
tinuous piecewise affine systems. We established necessary
conditions as well as sufficient conditions for a piecewise affine
system to be disturbance decoupled. Furthermore, we identi-
fied a number of particular cases for which these conditions
coincide. Additionally, we provided conditions for the existence
of a mode-independent static feedback controller that renders
a given piecewise affine system disturbance decoupled.

After that we studied the disturbance decoupling problem
for linear complementarity systems of index zero. Such systems
can be rewritten as a particular class of linear multi-modal sys-
tems. We exploited the geometric structure that the resulting
linear subsystems exhibit and provided necessary and suffi-
cient conditions for a linear complementarity system to be
disturbance decoupled.

Finally, we tackle the disturbance decoupling problem for a
general class of linear multi-modal systems. We presented nec-
essary conditions and sufficient conditions under which such
multi-modal systems are disturbance decoupled. Furthermore,
we presented several conditions under which these conditions
coincide. All presented conditions are geometric in nature and
easily verifiable. These results generalize almost all results in
the first chapters of this thesis as well as the existing literature
on switched linear systems. In addition, these results led to
novel necessary and sufficient conditions for passive-like linear
complementarity systems.
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summary

The second geometric control problem we addressed is the
fault detection and isolation problem for bimodal piecewise
linear systems. Using a geometric approach, we presented suf-
ficient conditions for the existence of an observer that produces
residuals that are sufficiently informative about the fault. In
addition, we discussed a method for finding an asymptotic
observer based on bilinear matrix inequalities.

As a by-product, we studied the fault detection and isolation
problem for a class of linear systems defined on an undirected
graph, containing faultable vertices and observer vertices. In
this graph, two disjoint sets of agents are identified in the
network: those prone to failure and those whose output is
measurable. For systems that satisfy the distance-information
preservation property we provided a characterization of the
so-called conditioned invariant subspaces. Based on this charac-
terization, we presented a graph-theoretical sufficient condition
for the so-called output separability requirement, which is the
crux of the fault detection problem in the setting of geometric
control.

The last problem that we have studied in this thesis is a
consensus problem for multi-agent systems defined on a di-
rected graph, with nonlinear discontinuous functions defined
on the nodes and edges. We provided sufficient conditions
for all Filippov solutions of a nonlinear consensus protocol to
achieve consensus, whenever the underlying communication
graph contains a directed spanning tree and all the nonlinear
functions are sign-preserving.
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