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Modeling of Photovoltaic Power Systems
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The real-world problems usually show nonlinear and multi-variate characteristics, so it is difficult to

establish concrete mathematical models for them. Thus, it is common to practice data-driven modeling techniques in
these cases. Among them, most widely adopted techniques are regression model and intelligent model such as neural
networks. Regression model has drawback showing lower performance when much non-linearity exists between input
and output data. Intelligent model has been shown its superiority to the linear model due to ability capable of effectively
estimate desired output in cases of both linear and nonlinear problem. This paper proposes modeling method of daily
photovoltaic power systems using ELM(Extreme Learning Machine) based modular networks. The proposed method uses
sub-model by fuzzy clustering rather than using a single model. Each sub-model is implemented by ELM. To show the
effectiveness of the proposed method, we performed various experiments by dataset acquired during 2014 in real-plant.
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Table 1 Modeling results according to number of sub model

Training data Testing data
MAPE| MAE |RMSE|MAPE| MAE [RMSE
1 ELM 726 | 912 | 11.44 [ 745 | 918 | 11.48
Modular 1 | 10.63 | 10.38 | 1279 | 964 | 980 | 12.72
2 | Modular 2 | 503 | 821 | 10.18 [ 470 | 7.73 | 10.48
M2-ELM | 7.51 917 | 1141 | 697 | 868 | 11.57
Modular 1 | 759 | 9.29 | 11.38 | 7.22 | 896 | 11.15
Modular 2 | 432 | 720 | 923 | 446 | 7.37 | 10.24
Modular 3 | 9.23 | 9.48 | 12.10 | 10.30 | 9.90 | 12.42
M3-ELM 6.73 | 850 | 10.79] 6.95 | 855 | 11.18
Modular 1 | 454 | 7.86 | 9.46 | 4.10 | 7.13 | 9.04
Modular 2 | 586 | 869 | 1062 | 510 | 746 | 9.96
4 | Modular 3 | 814 | 644 | 754 | 11.55 | 9.22 | 10.81
Modular 4 | 8.07 | 873 | 11.03| 741 | 856 | 10.60
M4-ELM 6.15| 802 | 9.83| 641 792 | 10.01
Modular 1 | 877 | 912 | 11.34 | 893 | 951 | 11.92
Modular 2 | 6.66 | 9.46 | 11.28 | 569 | 7.96 | 10.62
Modular 3 | 498 | 819 | 958 | 508 | 7.74 | 10.51
Modular 4 | 344 | 638 | 794 | 362 | 6.70 | 9.63
Modular 5 | 9.18 | 6.40 | 7.72 | 12.71 | 9.45 | 11.28
M5-ELM 6.44 | 814 | 994 | 6.76 | 817 | 10.77
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