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Abstract: In response to the demand for timely and accurate prediction of the performance degradation trends of wind
turbines, a health assessment algorithm combining Kernel Entropy Principal Component Analysis (KECA) and Partial Least
Squares (PLS) is proposed. This study uses the Local Outlier Factor (LOF) algorithm for data preprocessing and applies
Gaussian Mixture Model (GMM) to classify and cluster the wind farm dataset, where the classification labels guide subse-
quent analysis. Kernel Entropy Component Analysis (KECA) is utilized to perform dimensionality reduction and extract key
features from the data, and the SPE statistic is used to monitor the operational status of the wind turbine. Considering the
non-stationary and nonlinear characteristics of SCADA data, the PLS algorithm is integrated into the Kernel Entropy frame-
work for fault prediction, with dynamic alarm thresholds set based on prediction residuals to ensure early fault warnings. The
algorithm employs a fuzzy judgment mechanism and generates a radar chart to visually display the wind turbine degradation
state, providing an intuitive view of fault evolution. The implementation and validation of this algorithm on actual operational
data from a wind farm demonstrated its effectiveness in assessing the real-time health status of wind turbines and its capability
in clearly visualizing the fault evolution process.
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