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Fig.1 Time series voltage and current

under each operating state
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Abstract: Aiming at the problems of weak generalization and poor interpretability of existing intelligent
methods in photovoltaic array fault detection and diagnosis,an interpretable intelligent integration method is
proposed. The feature mining is performed on the collected output time-series of voltage and current wave-
forms of the photovoltaic array,and multiple mature intelligent algorithms that have been applied to photo-
voltaic fault diagnosis are used as different base learners and meta learners to construct a Stacking ensemble
learning model that combines the advantages of different intelligent algorithms and is more generalized. Then,
taking the Shapley additive explanation method as the overall framework, combined with the local approxi-
mate interpretable method,the model training process and results are explained and analyzed. By obtaining
the contributions of each feature,analyzing the decision-making mechanism of the integrated model,and un-
derstanding how to diagnose it,the reliability and credibility of the model are improved. The experimental
results of case study show that the proposed interpretable intelligent integration method achieves high-preci-
sion fault diagnosis in testing on datasets of different sizes. The interpretability results of the model indicate
that the mapping of fault features and diagnostic results established by the intelligent integration model
follows physical insights,enhancing the credibility and transparency of the intelligent method.

Key words:photovoltaic array;fault diagnosis;Stacking ensemble;interpretable intelligent method;Shapley addi-

tive explanation method
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Fig.Al Structure of photovoltaic power generation system
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Fig.A2 Equivalent circuit model of photovoltaic module
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Table B1 Fault characteristics and description
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Table B2 Description of fault data set

BATIRE bRid: Bl Hd 5 L% b2
IEH Normal 120 20.0 0
Xk 1 Fu1 85 14.2 1
AL 2 Fiz 60 10.0 2
I % F 100 16.7 3
1 Fa1 135 225 4
MY 2 Fa 100 167 5
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Table B3 Performance of each algorithm
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HAm L B1% KNN SVM RF  XGBoost Stacking KNN SVM  RF  XGBoost  Stacking

30 89.42 8817 9331 95.74 95.13 89.28 88.09 93.33 95.75 95.09
50 9247 9190 95.69 96.03 96.03 9233 91.76 95.66 96.11 96.11
70 95.73 9488 96.68 98.58 97.43 9585 950 96.66 98.45 97.50
90 9833 9716 965 98.25 98.31 9833 97.16 96.67 98.33 98.33
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Fig.C1 Model decision diagram
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Fig.C2 Local decision interpretation
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