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Research context

Healthcare applications are by nature subject to various types of uncertainties, due to the inter- and
intra-variability that results from the involvement of humans in this type of application. Moreover, these
systems are also constrained by physical saturation. If we consider the case of an assistive robotics
application [1], where a robotic orthosis is used to rehabilitate a patient’s arm movement, the torques
produced by the orthosis motors are saturated. If saturation limits are not taken into account in the
orthosis control synthesis, the control performance is degraded and the rehabilitation may be compro-
mised.

The context of biomedical applications is also subject to different types of uncertainty, as the models
considered are characterized by parameters with a high patient dependency. An example of an appli-
cation that has retained attention recentely is the dynamics of anesthesia [2-4], the latter are generally
described by compartmental models, representing pharmacokinetics (PK) and pharmacodynamics
(PD) that are subject to uncertainties.

Although model-related parameters are generally identified, uncertainties linked to estimation errors
remain, particularly for healthcare applications. These uncertainties can affect control quality and en-
danger patients if they are not properly considered in control synthesis. Robust control has been
widely studied through various approaches, for example those based on Lyapunov functions in [5],
which consider that uncertainties are bounded. In this case, the control synthesis is based on the
worst-case realization of uncertainty, which means that the results are often pessimistic and conser-
vative, especially when additional information on uncertainty is available, for example in the form of a
probability distribution.

Predictive control is known for its ability to manage the various constraints associated with physical
systems. In the presence of bounded uncertainty, theoretical guarantees has been provided in the



literature, for instance in [6], considering worst-case scenarios of the uncertainties affecting the dy-
namics. However, since robust design can lead to conservative control strategies, researchers have
recently turned their attention to stochastic predictive control, in order to be able to consider uncer-
tainties defined by probability distributions. Theoretical work is currently limited to the consideration
of additive uncertainties, as in [7] and [9], and bounded parametric uncertainties, as considered in
[8]. Recent results on the characterization of error covariance dynamics for linear systems affected by
additive and multiplicative uncertainties [10] might be used for generating stochastically invariant sets
and considering them in the predictive control design.

The control of saturated systems has been dealt with extensively in the literature, for example in
[12-14], in order to guarantee the performance of controlled systems in the presence of saturation.
The special case of stochastic predictive control has also been developed for systems with input
saturations, for example in [11], however, given the difficulty of the general theoretical problem, several
simplifications have been considered in order to be able to solve the optimization problems inherent to
model predictive control. Preliminary results currently being developed show the possibility of having
a saturation representation with less conservatism, which is particularly interesting in the case of
stochastic predictive control.

Therefore, the main objective of this thesis is to propose a comprehensive theoretical framework of
stochastic predictive control for saturated systems, considering both additive and parametric uncer-
tainties. This framework will help to deal with various health-related applications, which are largely
affected by several types of uncertainties and saturation. The project will also extend existing theo-
retical approaches to more general problems, demonstrating their relevance to complex systems in
practice.
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