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Abstract

Since the electricity consumption’s prediction is one of the most important aspects of energy manage-
ment in each country, various methods based on artificial intelligence have been proposed to manage
it. One of these methods is Artificial Neural Networks (ANN). To improve the performance of ANNSs,
an efficient algorithm is necessary to train it. Back Propagation (BP) algorithm is the most common
algorithm employed in training ANNSs, which is based on gradient descent. Since BP may fall in local
optima, it cannot provide a good solution in some problems. To overcome this shortcoming, optimiz-
ation algorithms like meta-heuristic algorithms can be applied to train ANNSs. In this study, a new
meta-heuristic algorithm called Red Kite Optimization Algorithm (ROA) is introduced, which is
inspired by the social life of red kites in nature. The ROA has several advantages such as simplicity in
structure and implementation, having few parameters and good convergence rate. The perfprmance of
ROA is compared with some recent metaheuristic algorithms on benchmark functions of CEC2018.
Also, it is employed to train Multi-Layer Perceptron (MLP) for the electricity consumption prediction
at peak load times in Iran. The results show the good performance of proposed algorithm compared
with competitor algorithms in terms of solution accuracy and convergence speed.
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Table (1): The variables of the proposed algorithm
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Figure (1): The diagram of decreasing coefficient

Algorithm 1-The pseudo code of ROA

1 Input: VarMin, VarMax, MaxIteration, Dimension, Cost Function
2 Initializing the population of red kites by Eq. (1)

3 ‘While termination criteria are not met

4 Evaluating the population

5. Selecting the best red kite as a leader

6. Calculating decrease coefficient by Eq. (3)
7

8

9

1

1

Calculating SC and UC by Eq. (7)

Updating Red kites positions by Eq. (4) and (5)

Replacing New Red kites positions in the population if they are better than previous positions
0. End while
1. Return Leader

085 & 3lwaagg i yaRIl A 4 () S
Figure (2): The Pseudo-code of red kite optimization algorithm
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Figure (3): The movement of each red kite in red kite optimization algorithm (ROA)
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Algorithm 2-The pseudo code of ROA-MLP
Input: Data collection, VarMin, VarMax, MaxIteration
Output: Data Prediction
Reading data set and dividing into the training set and testing set
Defining the network structure (Setting the number of inputs, output and hidden neurons)
Determining Dimension of each Red kite by Eq. (10)
Training MLP network by ROA algorithm

Initializing the population of red kites

‘While termination criteria are not met

Evaluating the population based on fitness function Eq. (11)

10. Selecting the best red kites as a leader
11. Calculating decrease coefficient by Eq. (3)
12. Calculating SC and UC by Eq. (7)
13. Updating Red kites positions by Eq. (4) and Eq. (5)
14. Replacing New Red kites positions in the population if they are better than previous positions
15. End while
16.  Set the weights and biases of MLP based on the leader’s position
17.  Computing the results of testing set data based on the trained MLP

Y W (g pa ) (el Al - (€5 Hluwdionge o ysS O Al 1(F) Ul
Figure (4): The ROA-MLP algorithm pseudo-code
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Table (2): The Parameters setting of compared algorithms
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Table (3): The results of meta-heuristic algorithms on CEC2018 functions with dimension 50
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Table (4): The results of meta-heuristic algorithms on CEC2018 functions with dimension 50
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Table (5): The results of meta-heuristic algorithms on CEC2018 functions with dimension 50
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Table (6): The Friedman test results of meta-heuristic algorithms on CEC2018 functions
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Figure (5): The Convergence carve of metaheuristic algorithms on CEC2018 functions with dimension 50
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Table (7): The results of algorithms with 5 neurons in the hidden layer of MLP
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Table (8): The results of algorithms with 10 neurons in the hidden layer of MLP
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Table (9): The results of Friedman test based on MSE
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Real and ROA-MLP network output for train data
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Figure (6): The scatter diagram of the electricity consumption prediction of ROA-MLP with 10 neurons in the hidden layer on training data
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Figure (V): The scatter diagram of the electricity consumption prediction of ROA-MLP with 10 neurons in the hidden layer on testing data

Real and ROA-MLP network output for train data
1 e Real output
|——ROA-MLP network output
0o
% 07
B oo
&
Day
1
085 H 1
A
o8 / A
0.75 / i
i ft
i |
0.6 A b \ |
1 y | i
¥ / . A ¥ !
oss|[ | ' / | \
N i \ \ 1 {
o8 i

‘;é:'u) a0 RYSAR L ROA-MLP ;! oolasw! b u’b)g.ci sWwosls yo @).ao Gy o Ol}?o HOYI L)
Figure (8): The electricity consumption prediction of ROA-MLP using training data with 10 neurons in the hidden layer
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Figure (9): The electricity consumption prediction of ROA-MLP using testing data with 10 neurons in the hidden layer
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