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Over the last years, an ambitious research program
involving several international partners has been actively
pursued at the Swiss Plasma Center of the Ecole
Polytechnique Fédérale de Lausanne, with the
overarching goal of equipping the real-time control
system of the TCV tokamak with a comprehensive set of
effective strategies for integrated plasma control. These
developments are ultimately intended to contribute to
advancing the state of the art in this field, in support of
reliable operation of future devices such as ITER and
DEMO.

A broad range of tools has been explored in this
framework. Among these are model-based breakdown
optimization techniques [1], designed to improve the
reliability of tokamak start-up phases; state observers for
plasma internal profiles [2,3], capable of integrating
information coming from different diagnostics as well as
real-time physics models to provide accurate real-time
reconstruction of different quantities; and robust
monitors for identifying plasma confinement states [4,5].
In addition, significant effort has been devoted to the
development of effective solutions for the control of
plasma shape [6]—one of TCV's natural missions—as
well as advanced current limit avoidance systems [7,8]
that prevent operational boundaries from being exceeded.
These experiences also led to the first experimental
demonstration of a MPC-based solution for plasma shape
control [9] and to the development of fast plasma shape
observers not based on full equilibrium reconstruction.
Finally, simultaneous control of several plasma
quantities—including disruption proximity metrics—in a
fully integrated fashion has been explored, with a focus
on the design of optimized strategies to handle
off-normal events [10] and the implementation of
machine protection strategies in high-performance
plasma scenarios [11]. This contribution aims to give an
overview of such tools and to provide an outlook on the

forthcoming experimental campaigns.
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