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Abstract

Generally, medium-term electrical load forecasting is often used for the operation of thermal and
hydropower plants, optimal time planning for maintenance of power plants and the power grids.
However, long-term electrical load forecasting is used to manage on-time future demands and
generation, transmission and distribution expansion planning. In this paper, a hybrid long-term load
forecasting approach using wavelet transform and an outlier robust extreme learning machine is
proposed. Hourly load and temperature data were extracted from the GEFCOM 2014 database and
divided into two classes of training and test. The one-level wavelet transform is used to decompose data
to extract properties and reduce the dimensions of the data matrix. Decomposed low-frequency
component (approximations) and high-frequency component values (details) from wavelet analysis are
entered into the model for training and forecasting. For comparison accuracy of the proposed method,
wavelet transform is applied to the data for the other three extreme learning machines. Also data without
wavelet transform entered into four other forecasting models and the load forecasting results are
compared with the proposed method. The results of the above mentioned evaluation show that electrical
load forecasting by using wavelet transform and outlier robust extreme learning machine improves
forecasting accuracy and the MAPE reduces to 3.0966. The overall calculated error by the proposed
method was the best result obtained between the three several models of extreme learning machines and
without preprocessing model. The MAPE is 0.4208 less than the ELM, 0.944 less than the RELM, and
0.1353 less than the WRELM model, respectively.
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Figure (2): The Process of one level wavelet transforms
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Figure (3): The Features of original train data
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Figure (4): Electrical Load data in train stage
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Figure (5): The Chart of electrical load in test stage
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Figure (6): The Chart of approximations components of feature extraction from input train data
Details & Feature Extraction of Input by Debuchies Wavelet (Train)
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Figure (7): The Chart of details components of feature extraction from input train data
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Figure (8): The Chart of approximations components (a;) of electrical load in train Data
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Figure (9): The Chart of details components (d;) of electrical load in train Data
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Figure (10): The Chart of approximations components (a;) of electrical load in test data
d, of Load by Debuchies Wavelet (Test)
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Table (1): The Results of validation error with trained model with approximations components
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Table (2): The Results of validation error in trained model with details components
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Figure (12): The Chart of approximations database estimated by ORELM
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Figure (13): The Chart of details database estimated by ORELM
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Figure (14): The Chart of validation of approximations components estimated by ORELM
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Figure (15): The Chart of validation of details components estimated by ORELM
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Figure (16): The Chart of finally load forecast of approximations components estimated by ORELM
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Figure (17): The Chart of finally load forecast of details components estimated by ORELM
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Table (3): The Results of load forecasting with several extreme learning machine models based on Mean Absolute Percentage Error
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Table (4): The Comparison of results with four Extreme Learning Machines Methods and the other methods
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Table (5): The Comparison of proposed method and short-term load forecasting methods based on Mean Absolute Percentage Error
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. Recurrent artificial neural network (RANN)

. Multi-Scale convolutional neural network with Time-cognition (TCMS-CNN)
. Stationary wavelet transform

. Complete ensemble empirical mode decomposition with Adaptive noise (CEEMDAN)
. Variational mode decomposition (VMD)

10. Phase space reconstruction (PSR)

11. Singular spectrum analysis-multi-objective evolutionary algorithm based on decomposition
12. Takagi sugenu (TS)

13. Wavelet-transform (WT)

14. Kalman filter

15. Multiple wavelet convolutional neural network (MWCNN)
16. Bidirectional recurrent neural network (Bi-RNN)

17. Factored conditional restricted boltzmann machine (FCRBM)
18. Genetic wind driven optimization (GWDO)

19. Deep extreme learning machine (DELM)
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22. Radial basis function neural networks (RBFNN)

23. Localized generalization error
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25. Random forest (RF)

26. Convolutional neural network (CNN)
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41. Daubechies (dbl)

43. Haar

44. Recency effect at an aggregated level
45. Approximation

46. Details

47. Continues wavelet transform (CWT)
48. Discrete wavelet transform (DWT)
49. Convex relaxation

50. Augmented lagrange multiplier (ALM)
51. Mean square error (MSE)

52. R squared (R?)

53. Root mean square error (RMSE)

54. Mean absolute percentage error (MAPE)
55. Mean absolute error (MAE)

56. Features

57. Down-sampling

58. Activation function

59. Sigmoid

60. Validation

61. Frobenius norm

62. Regularization

63. Support vector regression

64. Boosted tree

65. Bagged tree
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