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Renewable energy sources are of great importance for our country. Wind energy is a renewable
energy source. Today, wind energy is mostly used in electricity generation. The electrical energy
to be produced from a wind turbine is directly related to the wind speed in that region.

In this study, the wind speed for Isparta between 1st of January 2019, and 31st of December
2019 has been estimated using an artificial neural network (ANN) depending on average air
temperature (°C), air pressure (mb), relative humidity (%), solar radiation (W/m?). MATLAB
programming language is used. RMSE (Root-Mean-Square Error) was found to be 6,946427364,
and R? value as 0.9479, cov coefficient of variation as 0.1609336. It has been observed that these
values are at an acceptable level. Therefore, it has been seen that the artificial neural networks
model can be used in wind speed estimation.
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1. Introduction

Wind energy is an energy sector with zero harmful gas
emissions, unlike the energy sectors based on traditional
fossil fuels. Turkey's annual wind energy potential is 100-
500 W/m?. The regions with the highest wind energy are
coastal areas such as the Aegean and the Mediterranean. As
of 2017, Turkey has 155 licensed wind energy plant and 39
unlicensed wind power plant. According to data from 2018,
the top five countries with wind energy installed power are;
China, USA, Germany, India and Spain [1].

Wind turbines can only start generating electrical energy at a
certain wind speed. A wind turbine generates energy between
cut-in and cut-out wind speeds. The cut-in speeds of modern
wind turbines are between 2-4 m/s, nominal speeds 10-15 m/s
and cut-out speeds between 25-35 m/s. Correct estimation of
the wind speed is essential for estimating the electrical energy
that can be produced from the wind [1].

Artificial intelligence methods have been used to predict
wind speed, especially recently. Bilgili et al. (2007) used
artificial neural networks for the wind speed prediction of
target station using reference stations data [2]. Liu et al.
(2007) used two ARIMA-ANN and ARIMA-Kalman hybrid
methods for wind speed prediction. The performances of
both methods have been compared. It has been observed that
both methods provide successful performance [3]. Kani and
Ardehali (2011) used artificial neural network and Markov
chain model to forecast wind speed in very short-term period.
It is shown validated that obtained results from ANN-MC
model [4]. Liu et al. (2012) developed hybrid model for wind
speed forecasting using empirical mode decomposition and
artificial neural networks methods. The obtained results show
that the performance of the proposed models is highly
satisfactory [5]. Sheela and Deepa (2013) used neural
network based hybrid computing model to predict wind
speed. The results show that the proposed model is very much
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useful for forecasting wind [6]. Hu et al. (2016) used deep
neural networks for short-term wind speed prediction. The
obtained results have shown the effectiveness of the proposed
technique [7]. Filik and Filik (2017) used the artificial neural
network to predict wind speed based on local measurements
such as temperature and pressure values in Eskigehir [8].
Ramasamy et al. (2015) used the artificial neural network for
wind speed forecasting in the mountainous region of India.
Temperature, pressure, solar radiation, altitude for model as
input data were used [9]. Monfared et al. (2009) used fuzzy
logic and artificial neural networks methods for wind speed
forecasting. It has been shown that the computational time is
reduced by using these methods [10]. Kirbag (2018)
predicted wind speed using statistical methods and artificial
neural networks. It is seen that both models can be used
reliably for short term wind speed estimation [11]. Dikmen
and Orgen (2018) investigated the wind energy potential of
the region using wind speed data measured and recorded at a
wind measurement station established in Aglasun region
[12]. Kose et al. (2016) estimated daily and hourly average
wind speed values using artificial neural networks (ANN)
and a new analytical method. The ANN results and the
predictions of the analytical method were compared [13].
Kilig and Arabaci (2015) estimated the future wind speed
values of Burdur province by using artificial neural networks
(ANN) model [14]. Unes et al. (2019) used Fuzzy-Fuzzy
Logic modeling for wind speed prediction in the Nevada
region of the United States [15]. Akarslan and Hocaoglu
(2019) compared the performances of two and multi-
dimensional filters in modeling the wind speed data collected
from a Meteorology station located in Afyon Kocatepe
University Campus [16]. Altinsoy and Bal (2019) estimated
the wind speed for the next year using the month,
temperature, pressure, humidity, rainfall and wind speed
[17].

2. Materials and Methods

2.1. Artificial neural networks

Artificial Neural Networks (ANN) is synthetic structures that
mimic biological neural networks. ANN is the logical
software developed to perform the basic functions of the
brain such as learning and generating new information by
generalizing, by imitating the working mechanism of the
human brain [18]. We can think of ANNs as a black box
model that produces output against these inputs by
processing the given inputs. First, this black box is subjected
to training, and after the training phase, the system reaches a
level where it can decide against inputs. ANNs have the
ability to learn since they have a training process. This is a
feature not found in traditional methods [19].

Artificial neural networks have been developed by
influencing the biological nervous system. Biological nerve
cells communicate with each other through synapses. A
nerve cell sends the information it processes to other cells via
its axons. Similarly, artificial nerve cells collect the
information coming from outside with a summation function
and pass it through the activation function, produce the
output and send it to other cells (process elements) over the
connections of the network. It has different addition and
activation functions. The values of the links that connect
artificial neural networks to each other are called weight
values. Process elements come together in 3 layers parallel to
each other and form a network [20]. These;

e Input layer

o Hidden layer

e  Output layer
Figure 1 and Figure 2 show example of simple artificial
neural network and working principle of artificial neural
network, respectively.
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Fig.1. Example of simple artificial neural network [21]
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Fig.2. Working principle of ANN

Some statistical methods are used for the accuracy of the
artificial neural network model. The Root-Mean-Squared
Error (RMSE), the coefficient of multiple determination (R2)
and the coefficient of variation (cov) in percent are defined
as follows [22]:

n ~ 2
RMSE = /—Zm=1(ye;;" trm) )

n B 2
RZ =1- Zm:l(Ye,m tr,m) (2)

— 2
Sh=1(trm—trm)
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In the equations, Yyem is the estimated value, t.m is the real Hidden Layer Oinik e

value, t.m is the real value average, and n is the data number. Input I E Output
2.2. Modeling of the wind energy using ANN - bI/C /I sI/C /l 4
In this study, wind speed (m/s) is estimated by using ANN 20 -
model depending on relative humidity (%), pressure (mb), air

temperature (° C) and solar radiation (W/m?) parameters. In ~ The decrease in mean square error (MSE) during the training
order to train the network, data obtained from the General ~ process of this topology is given in Figure 4.

=

Fig.3. Topology created by the neural network toolbox

Directorate of Meteorology (MGM, 2019) were used. S T o e S LT et )
In this study, Matlab neural network toolbox was used. The 10° —
Levenberg—Marquardt (LM) and scaled conjugate gradient yavdaton
(SCG) algorithms were used. Statistical values such as E Best
RMSE, R? and cov are given in Table 1 for the wind speed. %104
As can be seen in Table 1, the ten-neuron LM algorithm in L-%
the hidden layer (LM10) has been found to be the most B - ——
- - - P @©
suitable topology. Figure 3 gives the topology of the artificial - \@_/\
-2
neural network created by the neural network toolbox. e’
=
Table 1. Statistical results of wind speed prediction
A 10'3
Algorlthm RMSE cov RZ 0 5 10 15 20 25
and neurons 25 Epochs
V3 9.04879556 01619852 09238 Fig.4. Variation of mean square error (MSE)
LM4 8.05418951 0.1578945 0.9137 3. Result and Discussion
LM5 16.59652311 0.1498451 0.8036 In this study, the wind speed for Isparta between 1st of
LM6 6.84894562 0.1722598 0.9442 January 2019, and 31st of December 2019 has been estimated
LM7 9.01868412 0.1205985 0.9241 using an artificial neural network (ANN) depending on
LM8 10.87210069 0.1386549 0.9315 average air temperature (°C), air pressure (mb), relative
LM9 6.241109681 0.1491036 0.9410 humidity (%), solar radiation (W/m?).
LM10 6.946427364 0.1609336 0.9479 Table 4 presents a comparison between the actual wind speed
LM11 7.499541231 0.1927569 0.9320 and the wind speed predicted by ANN. As given in Table 4,
LM12 6.847212191 0.1996314 0.9468 the percentage error value was found to be %5.21, and it is
SCG3 20.48945120 0.01768456 0.7665 seen that these error values are at an acceptable level.
scGa 20.59584513 001525689 07647 In Flgure 5, fthe daily actual Wln_d speed of July 2019 and th_e
SCG5 21.49845412 001789654 0.7735 estimated wind speed values Wlth ANN are compared. It is
SCG6 21 54951235 0.01795216 0.7751 seen that the actual and predicted values are very close to
each other.
Table 4. Comparison of actual and estimated wind speed values with ANN and error values
Average Air Pressure Relative Solar radiation | Actual wind ANN wind Error Percentage
temperature (°C) (mb) humidity (%) (W/ m?) speed (m/sn) | speed (m/sn) error(%)
8 993.6 84.5 1635.8 6.6 6.3 0.3 5.21
14.9 1016.7 73 5316.9 113 10.7 0.6 5.21
185 1017.6 72.5 7466.2 5.3 5.0 0.3 5.21
16.9 1021.5 73 7574.8 5.3 5.0 0.3 5.21
23.1 1014.5 66.5 7179.6 6.2 5.9 0.3 5.21
23.9 1013.8 66 7321.1 35 33 0.2 5.21
9 1034.8 70.5 49555 6.4 6.1 0.3 5.21
15.8 1028.8 68.5 4738.4 6 5.7 0.3 5.21
7.1 1009.1 81 1681.2 3.6 34 0.2 5.21
3.7 1034.7 84.5 1550.4 6.2 5.9 0.3 5.21
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Fig.5. Comparison of daily actual and predicted wind speed values
with ANN for July 2019

4. Conclusion

Wind speed estimation will provide us great convenience
especially for the calculation of wind speed in mountainous
areas. Significant labor savings will be achieved in the lands.
In this study, the wind speed for Isparta between 1st of
January 2019, and 31st of December 2019 has been estimated
using an artificial neural network (ANN) depending on
average air temperature (°C), air pressure (mb), relative
humidity (%), solar radiation (W/m?). Estimated values with
ANN method and actual values were compared. As a result
of the statistical analysis, the RMSE error value was found as
6.946427364, the R? value as 0.9479, and the cov variation
coefficient as 0.1609336. These values were found to be at
an acceptable level. In addition, the highest percentage error
value was found to be 5.21% and the comparative graphs of
daily actual and estimated wind speed values with ANN are
given. As a result, it is seen that ANN model can be used
successfully in estimating the wind speed.
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