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ABSTRACT The Mutriku WPP is located onshore into the breakwater

The Mutriku Wave Power Plant (WPP) is a wave energy c:on—at the harbour in Mutriku (Bay of Biscay). Although grid-

. o connected, the main goal of the WPP is promoting the de-
version plant based on the oscillating water column technol .
. elopment of OWC components, auxiliary systems and con-
ogy (OWC). The energy production and the health state o . :
. .. _trol strategies. Therefore, the operational consequefze-o
the plant are directly dependent on the sea-state conslition

: o : . . planned maintenance actions are not as critical as in future

along with component-specific operation efficiency and fail ; . :
: : ..~ commercial open ocean WPPs. However, the monitored in-
ure modes. In this context, this paper presents a prelimyinar,

. . . . formation of the plant operation can be used to developealt
air turbine conditional anomaly detection (CAD) approach o . e . .
. o . monitoring models that integrate statistical learningtetyies
for condition monitoring of the Mutriku WPP. The proposed . . ) . .
X with expert knowledge, and accordingly, assist enginegers i
approach is developed based on an ensemble of Gaussigh . . :
. . € maintenance decision-making processes of future WPPs.
Mixture models, where each anomaly detection model learns
the expected air turbine operation conditioned on spe@fie s Technological solutions for wind energy have been develope
states information. Early results show that the integratib ~ for many years now, and accordingly, most of the proposed
sea-states in the anomaly detection learning process wepro turbine condition monitoring solutions focus on wind turbs
the discrimination capability of the anomaly detection mlod (de Novaes Pires Leite, Araljo, & Rosas, 2018). Anomaly
detection models for wind turbines have been addressed in
1. INTRODUCTION the literature through probabilistic power curve models (d

The Mutriku WPP is a wave eneray conversion plant base Novaes Pires Leite et al., 2018). However, there are limited
ay b %ealth monitoring solutions for marine energy application

on the OWC technology commissioned by the Basque Energ(Mérigaud & Ringwood, 2016). Existing anomaly detec-

Agency. From the beginning of the operation of the Mumkution models developed for wind energy applications may per-

WPP, different degradation and failure events have been rem appropriately under stable operation conditions, -how

ported for WPP companents (Lekube, Ajuria, Ipeas, I.gar.etaéver, when the WPP operation and degradation is strongly
& Gonzalez, 2018). However, the lack of experience in sim-, o X
) e .influenced by metocean conditions that can impact on the op-
ilar systems hampered the development of condition moni- . . ; o .

: ; . . eration of the air turbines, it is necessary to integratestete
toring strategies, and maintenance actions have beeneatiopt

through intuition and expert knowledge. Information in the modelling process.
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terms of the Creative Commons Attribution 3.0 United Stafesnse, which ~ conditional anoma_-ly detection (CAD) modelling COﬂ_CeptS
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is to learn and model the normal operation condition of theFigure 2 shows anomaly detection results for the different

system as a function of the operation context. energetic sea-states along with the model without classifi-
cation into sea-states. The vertical axis has been trans-
2. CAD APPROACH FOR AIR TURBINES formed into log-likelihood scale for anomaly represermtati

. . . urposes. The threshold level located at -50 reflects the ide
The expected operation of an air turbine can be modelled ug:; " . . : .
S L . ) ification of very unlikely eventsi.e. anomalies, which are
ing its characteristic power curve, which relates the rotat .
X o below this threshold.
speed with the produced power. Deviations from the charac-

teristic power curve may indicate early warnings or abndrma

turbine operation states. 0 MWW
In the context of anomaly detection models, it is crucial to

reduce false positives and maximize accuracy. Different op
eration conditions may result in different performance-ind _;,,.
cators, and therefore, it is very important to learn the redrm
behaviour of the turbine with respect to its operation cente
Accordingly, Figure 1 defines a framework to jointly model
expected turbine performance conditions along with the cor
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7 7 Figure 2. Anomaly detection results.
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Model From Figure 2, it can be observed that there are differences

between the classification into different sea-states (WEF

Comelation (TurbineEnsronment groups_,) ar_1d no_—(_:lassification of sgf_;l—states. The no-sIaIes_
Model figuration identifies two false positive events (#1, #2), levhi
l the state-based anomaly detection matches only with one of
them, which is effectively an anomalous event (#3).
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Early results show the potential of the proposed approach to

no yes
detect air turbine anomalies through explicit consideratif
gl'gg;’;gg;l 0‘;5';‘;;‘;({“ sea-states along with power curves. It has been observied tha
without consideration of sea-state information the angmal
Figure 1. CAD framework for air turbines. detection model is prone to flag false positive events and the

integration of sea-state information aids in the discraiion
The environmental model will be determined through theof anomaly events.
combination of significant wave heigli, and the peak pe-
riod T, which are common statistical parameters to char-
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