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Design structure matrices (DSMs) represent the connections between elements composing a system. In fusion,
they are used to visualize the dependencies between various plasma variables, processes, states, and events and
they serve as a basis for synthesizing supervisory controllers. A DSM representing the existence and absence
of these plasma relations has been constructed after strong consultation of experts [1]. The disadvantage of
building the DSM purely on the basis of expert knowledge is that it only captures exactly that what these
experts think is important.

In this work, we show that a DSM can also be obtained from data only, by applying dynamic network identifi-
cation methods. The plasma is viewed as a network in which the dependencies between the plasma properties
are represented as the edges between nodes. The interconnection structure of the network is equivalent to the
DSM and can be identified from sensor and actuator data, without explicitly estimating the exact dynamics.
We extend the Bayesian model selection method of [2,3] to include excitation signals and use this data-driven
network method to identify the interconnection structure.

We apply this method to a simulation example, where we identify the particle flow within the five-chamber
tokamak model of STEP. The plasma in the reactor is modelled as a dynamic network with five inputs (the
gas flux inlets) and 12 measured outputs (the number of neutral and plasma particles). The internal relations
between the measured variables are identified with the network identification method. As a result, the DSM
representing the gas and plasma particle flow within the tokamak is identified from simulation data. This
illustrates the potential of using dynamic network theory for identifying DSMs from data.

References

[1] T.F. Beernaert, “Discovering the potential of dependency structure modelling for fusion systems engineer-
ing”, PhD thesis, Eindhoven University of Technology, 2024.

[2] S. Shi, G. Bottegal, and P.M.J. Van den Hof, “Bayesian topology identification of linear dynamic networks”,
In Proceedings of the 18th European Control Conference (ECC), pages 2814-2819, 2019.

[3] SYSDYNET, “Matlab app and toolbox for dynamic network identification”, Control Systems Group, Eind-
hoven University of Technology, 2024, www.sysdynet.net.

Speaker’s title

Ms

Speaker’s Affiliation

DIFFER, Eindhoven

Member State or IGO

Netherlands, Kingdom of the

Author: KIVITS, Lizan (DIFFER)

Co-authors: VAN BERKEL, Matthijs (DIFFER); FIGUEIREDO, Paulo (DIFFER); DE BAAR, Marco (DIFFER)

Presenter: KIVITS, Lizan (DIFFER)

Session Classification: Poster Session



Track Classification: Scrape-off-Layer and Divertor Physics



