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Photovoltaic array fault diagnosis based on feature extraction and
improved pelican optimization algorithm
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(School of Engineering Science and Technology, Shanghai Ocean University, Shanghai 2013061, China)

Abstract: Photovoltaic (PV) arrays often operate in complex and harsh environments, making them susceptible to various types and
degrees of faults. To enhance the accuracy of fault diagnosis in such challenging conditions, this study proposes a novel fault diagnosis
model based on feature extraction and an improved pelican optimization algorithm (TPOA) optimized support vector machine (SVM).
Firstly, 15 typical fault states are simulated on the MATLAB/Simulink platform, from which a 12-dimensional fault feature vector is
constructed. Kernel principal component analysis ( KPCA) is then applied for feature fusion and extraction to improve feature
representation capabilities. Secondly, to address the limitations of traditional pelican optimization algorithms in balancing global search
and local exploitation, enhancements are introduced, including the Tent chaotic map, inertia weight, nonlinear convergence factors, and
an adaptive ¢-distribution mutation strategy, all of which significantly improve the algorithm’ s optimization performance. Finally, the
IPOA is used to optimize the penalty factor C and kernel parameter y of the SVM model, establishing the IPOA-SVM PV array fault
diagnosis model, which is then validated through both simulation and experimental tests. The results show that, compared to the
traditional 6-dimensional feature set, the proposed 12-dimensional feature set achieves higher diagnostic accuracy. The improved model
demonstrates fault diagnosis classification accuracies of 98.55% and 97.93% for simulation and experimental data, respectively,
significantly outperforming other comparison models and demonstrating higher accuracy in PV array fault diagnosis.
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Fig. 1 Photovoltaic array model and fault design
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Fig.9 Confusion matrix of fault detection results
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Table 5 Diagnosis accuracy of different fault

characteristic vectors and algorithmic models ( %)
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Fig. 11  Comparison chart of adaptation curves
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Table 6 Diagnostic classification accuracy

for different operating states (%)
BIPIRES 6 AEFFE A 12 ZEARFE
Normal 68. 45 85. 64
0C-1 61.43 93.62
0C-2 96.71 100
LL-1 100 100
LL-2 100 100
AD-1 46. 24 95.1
AD-2 72.1 100
AD-3 76. 88 96. 66
PS-1 100 100
PS-2 100 100
PS-3 100 100
PS-4 59.92 100
PS-5 100 100
PS-6 63.74 100
At 81.82 97.93
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Fig. 13 Diagnostic results of different models
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