
Abstract

The present thesis employs ideas of set invariance and sliding modes
in order to deal with different relevant problems control of nonlinear
systems. Initially, it reviews the techniques of set invariance as well as
the more relevant results about sliding modes control. Then the main
methodologies used are presented: sliding mode reference conditioning,
second order sliding modes and continuous approximation of sliding
modes. Finally, the methodologies are applied to different problems in
control theory and to a variety of biologically inspired applications.

The contributions of the thesis are:

• The development of a method to coordinate dynamical systems
with different dynamic properties by means of a sliding mode aux-
iliary loop shaping the references given to the systems as function
of the local and global goals, the achievable performance of each
system and the available information of each system.

• Design methods for second order sliding mode algorithms. The
methods decouple the problem of stability analysis from that of
finite-time convergence of the super-twisting sliding mode algo-
rithm. A nonlinear change of coordinates and a time-scaling are
used to provide simple, yet flexible design methods and stability
proofs. Application of the method to the design of finite-time con-
vergence estimators of bioprocess kinetic rates and specific biomass
growth rate, from biomass measurements. Also the estimators are
validated with experimental data.

• The proposal of a strategy to reduce the variability of a cell-to-cell
communication signal in synthetic genetic circuits. The method
uses set invariance and sliding mode ideas applied to gene expres-
sion networks to obtain a reduction in the variance of the commu-
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nication signal. Experimental approaches available to modify the
characteristics of the gene regulation function are described.


