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Wind turbines are highly nonlinear dynamical systems subject to complex disturbances, such as
varying wind conditions. Control of such systems (e.g., using model predictive control) requires
accurate knowledge of the underlying system states. Since many of these states cannot be
measured directly, reliable state estimation techniques are necessary. However, due to the
complexity and different frequency modes of the turbine’s dynamics, traditional model-based
estimation methods often struggle to achieve the required accuracy in real-time operation.

In recent years, machine learning has gained traction as a data-driven approach for state
estimation. This project focuses on temporal convolutional networks (TCNs), a class of temporal

neural networks specifically designed to capture long-range temporal dependencies and multi- /
modal dynamics. TCNs have recently emerged as a promising alternative to recurrent neural
networks [2,3], offering advantages such as parallelizable training, stable gradients, and the ability
to model dynamics across different frequency modes and time horizons. Building on these

advantages, this project investigates TCN-based approaches for state estimation for an industry- [1] https://openfast.readthedocs.io/en/main/
: : [2] https://doi.org/10.1109/NAPS52732.2021.9654642
scale wind turbine system [1]. [3] https://doi.org/10.1109/INDICON49873.2020.9342315
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Your tasks will include:

* Conducting a literature review on TCN approaches (e.g. [2,3])

* Designing and implementing TCN architectures to predict the current system state from a time
sequence of inputs and outputs Tel..  +49615116-25194 [} ‘

» Applying and testing the models using wind turbine data from an industry-scale system model E-Mail: hendrik.alsmeier@iat.tu-darmstadt.de

* Performing hyperparameter tuning to optimize estimator performance

M.Sc. Hendrik Alsmeier

. . . . . . M.Sc. Felix Hausser
For this project, background knowledge about neural networks is required, preferably including

convolutional neural networks. Experience in programming in Python/PyTorch is beneficial. The Tel.:  +49615116-25190 [ :
report will be written in German or English. If you have any questions, feel free to contact us. E-Mail: felix.haeusser@iat.tu-darmstadt.de
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