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Operations and maintenance expenses are a key driver of the price of wind energy, accounting for up to 24 percent of the
total production costs.

To improve maintenance strategies, it is essential to have an accurate model of the maintenance decision-making process.
Modeling approaches are diverse, ranging from the degradation of a single component or turbine to entire wind farms.
However, many studies, including those mentioned above, use parameters from literature and do not rigorously test them
against real-world observations.

In our proposed framework, a hidden Markov model (HMM) is used to describe the degradation process of a wind
turbine. We infer the parameters from real data, with a particular focus on robustly quantifying uncertainty for the
parameter estimates. In contrast to previous works, where the HMM was learned based on vibration measurements, we
aim to generalize the method towards arbitrary health indicator signals computed directly from operational data. Through
the use of Bayesian methods, we also obtain a probability distribution over the parameters, rather than simple point
estimates. The above approach enables flexible calibration for different systems and facilitates validation through direct
comparison with real-world data. Together with information about costs and maintenance actions, the HMM forms the
core part of a simulation for the sequential decision-making problem at the heart of wind farm maintenance.
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