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EXTENDED ABSTRACT  

Deep machine learning methods can provide better 

performance of anomaly detection in Renewable Energy 

Systems (RESs) than traditional methods [1]. Their actual 

deployment is challenged by the intrinsic complexity of the 

detection task, due to: i) the interconnections among 

subsystems and components, which cause complex spatio-

temporal correlations among the measured signals, and 

cascading effects on different parts of the system; ii) the 

variability of the operational and environmental conditions of 

RESs, which influence and modify the systems behavior and 

the correlation among signals; iii) the presence of control 

systems that hide anomalies in the signals patterns by actuating 

on control variables; iv) the scarcity of data collected during 

anomalous conditions, which limits the applicability of 

supervised learning approaches. This work illustrates the use of 

Graph Neural Networks (GNNs) to address some of these 

challenges. GNN is a type of neural network specifically 

designed to deal with graph-structured data [2]. GNN receives 

in input graphs whose nodes represent sensors and edges 

represent relationships among them, and it can be trained to 

capture correlations among signals (challenge i) distinguishing 

changes caused by anomalies from those caused by different 

operational and environmental conditions and control actions 

(challenges ii and iii). Here, we propose a GNN model based 

on a combination of Gated Recurrent Units and Graph 

Convolutional Networks [3], organized in an autoencoder. The 

model is trained using only normal condition data (challenge iv) 

to reconstruct the signal values expected in normal conditions. 

Then, in operation, when the residual, i.e., the difference 

between the signal measurement and the reconstruction is larger 

than a predefined threshold, the occurrence of an anomaly is 

detected. The developed GNN is applied to data simulated 

using the wind turbine model presented in [4], which allows 

reproducing the system behavior in different operational and 

environmental conditions, under normal conditions and 

anomalous ones due to failures of sensors and mechanical 

components. The proposed method is shown to outperform  

state-of-the-art methods in terms of missed and false alarms, 

and delay in detection. 

 
Keywords — Renewable Energy Systems, Wind Turbine, 

Unsupervised Anomaly Detection, Graph Neural Networks. 

 

ACKNOWLEDGEMENT 

This work is supported by FAIR (Future Artificial Intelligence 

Research) project, funded by the NextGenerationEU program 

within the PNRR-PE-AI scheme (M4C2, Investment 1.3, Line 

on Artificial Intelligence). 

 
REFERENCES 

[1] G. Pang, C. Shen, L. Cao, and A. Van Den Hengel, “Deep 

Learning for Anomaly Detection: A Review,” Apr. 01, 2021, 

Association for Computing Machinery. doi: 10.1145/3439950. 

[2] L. Wu, P. Cui, J. Pei, and L. Zhao, Graph Neural Networks 

Foundations, Frontiers, and Applications. 2022. doi: 

https://doi.org/10.1007/978-981-16-6054-2. 

[3] T. N. Kipf and M. Welling, “Semi-Supervised Classification with 

Graph Convolutional Networks,” Sep. 2016, [Online]. Available: 

http://arxiv.org/abs/1609.02907 

[4] P. F. Odgaard, J. Stoustrup, and M. Kinnaert, “Fault-tolerant 

control of wind turbines: A benchmark model,” IEEE 

Transactions on Control Systems Technology, vol. 21, no. 4, pp. 

1168–1182, 2013, doi: 10.1109/TCST.2013.2259235. 
  

 

mailto:luca.pinciroli@polimi.it
mailto:piero.baraldi@polimi.it
enrico.zio@mines-paristech.fr
mailto:enrico.zio@polimi.it

