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SUMMARY  

The predictability of the gust in the aviation sector is an important turning point. 

Gust can generally cause performance degradation, increase in structural loads and 

deformation level. If the deterioration is predictable, these problems can be predicted 

and their effects can be reduced. Machine learning algorithms are frequently used in 

estimating time-dependent values. Whether machine learning can be used for gust 

prediction is also an important question mark. In this graduation thesis, this question 

mark was tried to be removed. 

In this graduation thesis, the data obtained from the gust experiment carried out 

at the Faculty of Aeronautics and Astronautics of Istanbul Technical University was 

used. Three different forces and three different momentum values were recorded. These 

values are taken for twenty-one different situations, three different y-shift and seven 

different angles of attack. The y-shift variable refers to the distance on the y axis 

between the two plates. The data were recorded for sixty seconds and thousand hertz. 

From the recorded force values, an estimation of the gust was attempted by using axial 

force. 

In this thesis, first of all, studies related to this subject have been mentioned. 

Afterwards, the methodology section on artificial neural networks, error calculation and 

editing of data is given. In the next section, the approaches followed for estimation and 

the results of these approaches are shown. Finally, the future studies are mentioned 

together with the comments about the graduation project. 

Along with the studies, it is tried to be understood how the prediction is affected. 

Firstly, it was observed how the number of parameters will affect the forecast. For this, 

three different parameter numbers, 100, 200 and 500, were used and five outputs were 

taken. As a result, 500 parameters have been shown to give better results. Secondly, in 

which order the values were estimated, it was examined whether they affect the estimate 

or not. Errors were compared when the values were estimated as first, third and fifth. As 

a result, it was observed that this did not affect the forecast. In the next step, it is 

discussed whether the angle of attack is given as a parameter. Better results are obtained 

when the angle of attack is given as a parameter. Finally, a situation that is not used for 

train is tried to be estimated from the artificial neural network algorithm, which is fully 

trained in 20 cases. This prediction was successfully accomplished with 3% error. 

As a result, it is an exciting situation for the aviation industry that the gust can be 

predicted. As long as the gust is predictable, performance losses can be avoided with the 

wings that can prepare themselves for gust. 
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ÖZET  

Havacılık sektöründe bozuntunun tahmin edilebilir olması önemli bir 

dönüm noktasıdır. Bozuntu genel olarak performans düşüşlerine, yapısal 

yüklerde ve deformasyon seviyesinde artışa sebep olabilir. Bozuntu tahmin 

edilebilirse oluşan bu sorunlar öngörülebilir ve etkileri azaltılabilir. Zamana bağlı 

değerlerin tahmininde makine öğrenmesi algoritmaları sıklıkla kullanılmaktadır. 

Bozuntu tahmini için de makine öğrenmesinin kullanılıp kullanılamayacağı 

önemli bir soru işareti oluşturmaktadır. Bu bitirme tezinde bu soru işareti 

giderilmeye çalışılmıştır.  

Bu bitirme tezinde İstanbul Teknik Üniversitesinin, Uçak ve Uzay 

Bilimleri Fakültesinde gerçekleştirilen bozuntu deneyinden alınan veriler 

kullanılmıştır. Üç farklı kuvvet ve üç farklı momentum değeri kaydedilmiştir. Bu 

değerler üç farklı y-shift ve yedi farklı hücum açısı olmak üzere yirmi bir farklı 

durum için alınmıştır. Y-shift değişkeni iki plaka arasındaki y eksenindeki 

uzaklığı ifade etmektedir. Veriler altmış saniye süreyle ve bin hertz ile 

kaydedilmiştir.  Kaydedilen kuvvet değerlerinden eksenel kuvvet kullanılarak 

bozuntu tahmini yapılmaya çalışılmıştır. 

Bu tezde ilk olarak daha önceden bu konuyla ilgili yapılmış 

çalışmalardan bahsedilmiştir. Sonrasında yapay sinir ağları, hata hesaplaması ve 

verilerin düzenlenmesiyle ilgili metodoloji kısmı verilmiştir. Bir sonraki 

bölümde tahmin için izlenen yaklaşımlar ve bu yaklaşımların sonuçları 

gösterilmiştir. Son olarak bitirme projesiyle ilgili yorumlarla birlikte gelecekte 

yapılabilecek çalışmalardan bahsedilmiştir.  

Yapılan çalışmalarla birlikte tahminin nasıl etkilendiği anlaşılmaya 

çalışılmıştır. İlk olarak parametre sayısının tahmini nasıl etkileyeceği 

gözlemlenmiştir. Bunun için 100, 200 ve 500 olmak üzere üç farklı parametre 

sayısı kullanılmıştır ve beş çıktı alınmıştır. Bunun sonucunda 500 parametrenin 

daha iyi sonuç verdiği görülmüştür. İkinci olarak değerlerin kaçıncı sırada 

tahmin edildiğinin tahmini etkileyip etkilemediğine bakılmıştır. Değerler birinci, 

üçüncü ve beşinci olarak tahmin edildiğindeki hatalar karşılaştırılmıştır. Sonuç 

olarak bunun tahmini etkilemediği görülmüştür. Bir sonraki adımda hücum 

açısının parametre olarak verilip verilmemesi tartışılmıştır. Hücum açısı 

parametre olarak verildiğinde daha iyi sonuçlar elde edilmiştir. Son olarak 20 

durumun tamamıyla eğitilmiş yapay sinir ağı algoritmasından eğitim için 

kullanılmayan bir durum tahmin edilmeye çalışılmıştır. %3 hata ile bu tahmin 

başarılı bir şekilde gerçekleştirilmiştir.  

Sonuç olarak bozuntunun tahmin edilebilecek olması havacılık sektörü 

için heyecan verici bir durumdur. Bozuntu tahmin edilebildiği sürece kendini 

bozuntuya hazırlayabilen kanatlarla birlikte performans kayıplarından 

kaçınılabilir.  
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1. INTRODUCTION  

Gust is an important aspect which should take into consideration in the aeronautical 

industry. Harmful impacts for instance increasing aerodynamic and structural loads, 

structural deformation and decreasing flight dynamics performance are caused by gust 

load on aircraft (Wu, Cao, & Ismail, 2018 ). If gust is predicted by aircraft, aircraft would 

yield the situation and detrimental influences would decrease and performance of the 

aircraft would be better. For the prediction, Machine Learning (ML) is an option.  

Machine learning is an important aspect of modern business and research. A machine 

learning algorithm is a computational procedure that utilizations input data to accomplish 

an ideal task to deliver a specific outcome. Architecture of algorithm is adapted 

automatically through reiteration, for this reason become better and better at 

accomplishment the requested task (El Naqa & Murphy , 2015).  The Algorithms may be 

predictive or descriptive. In predictive models aim is making prediction about future, also 

descriptive models to get information from the dataset (Alpaydın , 2004). In this 

graduation thesis, ML with aerodynamic problem which is gust over the flat plate, is 

discussed. Special type of the Machine Learning which is Artificial Neural Network 

(ANN) is used.   

An ANN is a system which process information that has exact performance characteristics 

similar to biological neural network. In ANN development process, mathematical model 

of human cognition or neutral biology are inspired. In ANN structure, simple elements 

called neurons process the information. Connection links between the neurons which have 

associated weight, transmit the signal (Fausett, 1994). 

In the first part of this study, prior works will be mentioned. In the second part approaches 

which is used will be spoke. After that, creation of ANN structure will be explained. 

Finally, results of this project will be shown.  
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1.1 Literature Survey  

In this part, previous studies which are about prediction with machine 

learning in aerodynamics and fluid mechanics.  

 

 In the study conducted by Shayya, ANN system was used to estimate friction 

coefficients and consequently pressure losses in systems using Newtonian fluids along 

the pipe. Reynolds number (Re) and relative roughness were used as inputs of the ANN 

model and the friction coefficient was taken as the output of the model. According to the 

results obtained by the authors, they found that the ANN model created was in the range 

of Reynolds number (Re) 2𝑥103 − 1𝑥 108 and relative roughness 1𝑥10−6 − 5𝑥10−2, 

while the friction coefficient was compatible with the numerical results obtained using 

the wrong point method. In addition, the authors stated that the use of the ANN system 

greatly reduces time loss in determining the same parameters under different conditions, 

giving fast and consistent results in flow problems that require complex and repetitive 

calculations  (Shayya & Sablani , 1998). 

In the study of Sallis , wind gust tried to be predicted with machine learning 

algorithms. In the algorithms, continuous stream sampling from 6 different climate were 

used. Data were collected from 3 different country. Data were taken for seven variables. 

These seven variables are: hour of day, temperature, humidity, rainfall, pressure, wind 

speed and dew point. The variables are time dependent and are recorded daily every half 

hour. Multilayer Perceptron (MLP) neural network algorithm was build for prediction of 

gust. There are 1906 records in the data set with seven attributes. 66 percent of the 1906 

data was used for the train and 34 percent was used for test. Outputs with 0 or 1 were 

obtained (0, no gust; 1, gust occur). When the algorithm is run in this way, good results 

are obtained in terms of estimation (Sallis , Claster , & Hernandez , 2011). 

In the study of Mercer and Dyer, daily peek wind gust tried to predicted with 

machine learning. 5 different variables were used. These five variables are: u and v wind 

components, relative humidity, geopotential height, and temperature. 85 percentage of 

the data was used for training and remaining was used for test. In this work, support 

https://tureng.com/tr/turkce-ingilizce/literature
https://tureng.com/tr/turkce-ingilizce/literature
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vector regression (SVR) was used for algorithm. This method has also been shown to 

give good results for estimation. (Mercer & Dyer , 2014). 

In the study of Kurtulus, unsteady aerodynamic forces of flapping airfoils tried to 

forecasted by using neural network. The parameters of neural network are: airfoil 

translational displacement, translational velocity, angle of attack and angular velocity. 3 

different case was used and for each case 1000 input was given. As a result of this work, 

artificial neural networks work good for prediction of forces  (Kurtulus , 2009). 

In the study of Wallach and colleagues, predicting aerodynamic coefficients of 

airfoil and wing-body configurations with neural networks was discussed. First of all, 

Reynold number was given as input, lift and drag coefficients were taken as output. 

Secondly, Mach number, Reynold Number and Lift coefficient were given as input, drag 

coefficient was taken as the result. Lastly, different wing geometry and flow condition 

parameters which are seven in total and again drag coefficient taken as output. In the 

first part, there is an excellent correspondence between expected and resulting outputs. 

Average of the error is very close to zero. In the second model, the forecast values and 

the actual values fit very well together. Average error is less than 1. As a result, 

Prediction values close to real values. (Wallach, Mattos , Girardi , & Curvo , 2006). 
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2. DESCRIPTION OF DATA  

In Istanbul Technical University’s Trisonic Research Laboratory, Gust experiment is done 

for observing the impact of gust over the flat plate and getting knowledge about the gust. 

In the aeronautical industry, gust is defined as increasing or decreasing of the fluid speed 

because of suddenly fluctuation in flow field. Data were taken from the experiment which 

is mentioned above.  

 

Figure 2.1 Illustration of Flow Field  

 

As seen in the Figure 2.1, two plate were placed in flow field. First plate rotates 180 

degrees between 5 and 9 seconds and creates gust. The second plate is wing model. 
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There are sensors on the wing model and these sensors measure force and momentum 

values. Distance between two plate is variable in the y- direction. This distance called y-

shift and 19mm,29mm and 39mm are used for experiment. Also angle of attack of wing 

model is variable. 0, 5, 10, 15, 20, 30, and 45 degrees are used. Measurements of 

experiment were taken with 1000 hertz and data were taken for 3 different force and 3 

different momentum values (Fx , Fy, Fz, Mx, My, Mz). The experiment was repeated 5 

times for each case and data were recorded for 60 seconds. Measurements were taken a 

total 21 different situation.  

 

 

Figure 2.2. y-shift 19mm and 0-degree Axial Force Graph According to Time 

 

In the graph which is given in Figure 2.2, one situation of the experiment is given as 

graph. Gust impact is seen clearly. Also, in this graduation thesis Axial Force values are 

used for all case to predict of gust with Machine Learning.    
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3. METHODOLOGY   

 

3.1. Artificial Neural Network 

Artificial neural network provides an approach to complex interdisciplinary problems in 

the world as a method of machine learning. Based on the neural and neuron system in 

biology, artificial neural networks found by modeling this in mathematics can approach 

many complex, linear or nonlinear relationships with existing input and output 

parameters. 

First, the brain and nervous systems in humans were discovered in the late 19th century, 

and learning systematics began to be discovered in these periods and this was done 

mathematically. Then, with the development of technology, the mathematical methods 

were modeled on the computer environment, and the operations made were accelerated 

and expanded (Basheer & Hajmeer, 2000).  

The most basic component of artificial neural networks is neurons. Neurons come 

together to form parallel network structures on a larger scale. Neurons are connected to 

other neurons with their connection weights and in this way transmit the numerical 

signal. While the connection weights were randomized at the beginning of the training, 

when the training ended, they were pushed and reached the optimum value so that the 

outputs can be estimated with the correct result (Paksoy, 2011). 

3.1.1 Multi-Layer Perceptron  

Multi-Layer Perceptron created by the combination of neurons. MLP basically 

consist of three layers, the input layer, the hidden layer and the output layer. In artificial 

neural networks, the number of hidden layers is limited to one. If the number of hidden 

layers is more than one, it is classified as a deep learning algorithm. Each layer consists 

of neurons. Layers are connected to each other by structures called synapses, and each 

synapse has its own weight. At first, weights are random but subsequently iteration is 
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performed with backpropagation algorithm and these weights are fixed to a fixed 

value. In Figure 3.1 MLP structure is shown (Scikit-learn developers , n.d.). 

 

Figure 3.1 MLP Structure  

3.1.2 Backpropagation Algorithms  

Backpropagation algorithm works to correct the weights and make them 

work best. First of all, neurons multiply the weights with all incoming signals 

and eventually adds up all the products. As a result of this process, it generates 

the output signal by placing the obtained result in the activation function. The 

equation is given below. In the equation, oi is output of ith neuron in the previous 

layer. Also, wij is weight. Activation function symbolized as 𝑓.  

 

𝑜𝑗 = 𝑓(∑ 𝑤𝑖𝑗𝑜𝑖)                               (3.1) 
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This process is repeated for each node in each layer. After the calculating of 

output value (𝑜𝑗), error is calculated respectively desired output value.  

 

𝐸 =  ∑
1

2
(𝑜𝑗 − 𝑡𝑗)

2

 
                               (3.2) 

 

After this calculation, the partial derivatives are calculated with 𝜹𝒋 being the 

backpropagation error.  Finally, the weights are adjusted respect to 𝜹𝒋 and learning 

constant which symbolized by 𝜸.  

 

                
∂E

∂wij
=  δjoi                                                           (3.3) 

                                             Δwij =  − 𝜸 𝜹𝒋 𝒐𝒊                                           (3.4) 

3.2 Data Arrange   

In this graduation thesis, it is necessary to create different data sets for the results 

which are desired. For this purpose, PHP code has been written to create data sets. In 

appendix A, this code is given. A program called Xaamp was used to run the written PHP 

code. The code was run web-based with this program. The data sets needed were reached 

in this way. After the data sets were created, the data sets were read to the python code in 

excel format. 

3.3 Error Calculation  

Error calculation plays an important role in comparing the results correctly. Due 

to the noise in the data used and the values being small numbers, an error was calculated 

after the data was smoothed. Smoothing was done by moving average method with 

rolling function in python.  
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Due to the very small values of the data, the percentage was found by 

dividing the error by range of the real values and it was seen that it provides 

more accurate comparison. Error calculations are as shown in equations 3.5 and 

3.6. 

 

%𝑒 =
(𝑃𝑟𝑒𝑑𝑖𝑐𝑡𝑖𝑜𝑛 𝑉𝑎𝑙𝑢𝑒−𝑅𝑒𝑎𝑙 𝑉𝑎𝑙𝑢𝑒)

(𝑀𝑎𝑥 𝑟𝑒𝑎𝑙 𝑣𝑎𝑙𝑢𝑒−𝑀𝑖𝑛 𝑟𝑒𝑎𝑙 𝑣𝑎𝑙𝑢𝑒)
𝑥100                          (3.5) 

 

    𝑒𝑚𝑒𝑎𝑛 =
∑ %𝑒

𝑛
                                                                   (3.6) 
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4. RESULTS  

In this section, the studies and the results of these studies are mentioned. The 

results were obtained with code written using artificial neural networks. Code is given in 

Appendix B. Artificial neural networks structure was created using python's sklearn 

library. 

4.1 Deciding the Number of Parameter 

In this study, firstly, the effect of the number of parameters on the estimation was 

examined. By looking at the number of three different parameters, the efficiency of the 

estimate was compared and the best number of parameters was decided. Comparison 

was made for 100, 200, 500 values. While the number of neurons in the input layer was 

changed, the number of neurons in the output layer was kept constant. The number of 

neurons in the output layer is 5. Parameter values are time dependent axial force values. 

It was rewritten by shifting 5-time steps for each input. For example, for 500 parameters, 

the first input is axial force values from 1 to 500 milliseconds. For the second input, 

values from 6 to 505 milliseconds were taken by shifting 5-time steps. Output values are 

the axial force values in 5 milliseconds following them. Test results recorded as 

yshift19mm_0degree_run1 for the train were used and tested with run2 with the same 

variable values. 
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Figure 4.1 Comparison of Number of Parameter  

 

As seen in Figure 4.1, it is clearly shown that the best result among the 

number of parameters is 500. In the ongoing studies, it was decided to use the 

number of parameters as 500. 

4.2 Deciding on the Number of Shifts 

Secondly, in which order the estimated values are estimated, it is 

examined whether it affects the forecast. In the previous section, each value was 

estimated once by shifting 5-time steps for each input. However, in this section, 

by sliding 1-time step between each input, each estimate value is taken 5 times. 

By looking at the errors of the values estimated as the 1st, 3rd and 5th of these 

estimates, it was observed how the prediction was affected. Figure 4.2 shows the 

distribution of max percentage errors, calculated 10 times and averaged.  
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Figure 4.2 Distribution of Max Percentage Errors 

 

Figure 4.3 shows the distribution of mean percentage errors, calculated 10 times 

and averaged. 

 

Figure 4.3 Distribution of Mean Percentage Error  

As seen in Figures 4.2 and 4.3, the order in which the estimated value is 

estimated does not affect the efficiency of the forecast. In the error calculations repeated 

10 times, no correlation was found between the estimate and the error, respectively.  
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As a result, in the next studies, each input value has been shifted 5 times 

step, and each value has been estimated once. 

4.3 Prediction of Unknown Angle of Attack 

After deciding the number of parameters and the number of shifts, all 

angle values were used for the train except 30 degrees in 19mm y-shift. An 

unknown angle is tried to be estimated by not giving it to 30-degree train. In this 

way, unknown 30-degrees have been estimated. In this section, in order to decide 

whether the angle of attack should be given as a parameter, two different ways 

were trained separately when the angle values were given as parameters and not. 

Figure 4.4 shows the raw state before smoothing the trained data without 

using the angle as a parameter. 

 

 

 

Figure 4.4 Raw Data of Trained without Angle Value 

 

Figure 4.5 shows smooth data of the trained data without using the angle 

as a parameter.  
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Figure 4.5 Smooth Data of Trained without Angle Value 

 

 

By adding the angle value as a parameter, the code was run again and the results 

were taken again. Figure 4.6 shows raw data and Figure 4.7 shows smooth data.  

 

Figure 4.6 Raw Data of Trained with Angle Value as Parameter  
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Figure 4.7 Smooth Data of Trained with Angle Value as Parameter  

 

 

The error values received when the angle value was given as a parameter 

and not, were compared and this comparison is shown in Table 4.1. 

 

 Max Percentage Error Mean Percentage Error 

With Angle Value %3.73888 %0.79042 

Without Angle Value %5.86711 %1.02608 

Table 4.1 Comparison of Error Values between 2 Different Case  

 

Giving the angle as a parameter before the results is considered 

meaningless. This is because the angle is not a time-dependent parameter. 

However, contrary to the expected, when the angle values are given as parameters, 

it is seen that it gives better results considering the error rates. The code worked 

well for both cases in predicting the angle not used for the train. As seen in the 

graphs, it is seen that the prediction values match the real values.  
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Consequently, giving the angle value as a parameter affected the forecast in a good 

way and reduced the error. In the future studies, this result has been continued considering 

this result. 

4.4 Prediction of Unknown Y-shift and Angle of Attack  

 

In this section, all 20 states were used for the train, and 1 unused condition was 

tried to be estimated. As in the Angle of attack estimate, it is discussed whether the y-

shift is given as a parameter. In total, 238080 inputs were used. Y-

shift39mm_45degree_run1 was used for the test.  

 

 

Figure 4.8 and Figure 4.9 show the graph of raw and smooth data for the 

situation where only angle of attack is given with 501 parameters. 

 

 

Figure 4.8 Raw Data of Trained with 501 Parameters  
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Figure 4.9 Smooth Data of Trained with 501 Parameters  

 

 

Also, Figure 4.10 and Figure 4.11 show the graph of raw and smooth 

data for the situation giving y-shift and angle of attack as parameter which is 

total 502.  

 

Figure 4.10 Raw Data of Giving Y-shift and Angle of Attack as Parameter 
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Figure 4.11 Smooth Data of Giving Y-shift and Angle of Attack as Parameters 

 

 

Table 4.2 provides comparison with percentage errors values for these two cases. 

 

 Max Percentage Error Mean Percentage Error 

With Angle of Attack 3.5186 0.7290 

Both Angle of Attack and 

Y-shift 

3.4135 0.8136 

Table 4.2 Comparison of Error Values between 501 parameter and 502 parameters 

 

 

As a result, it has been seen that artificial neural networks give good results in 

prediction for an unknown y-shift and angle of attack. Situation which only angle of 

attack is given as parameter and situation which both angle of attack and y-shift are 
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given as parameter were compared. There was not much difference between the 

max percentage error and mean percentage error between these two cases. As a 

result, it has been observed that the y-shift as a parameter does not affect the 

forecast. This may be because y-shift only changes 3 times in big data or there is 

no strong link between y-shift and test values. 
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5. COMMENTS   

The predictability of gust may be a new technological breakthrough in the 

aviation industry. Better performance can be obtained by predicting Gust and adjusting 

the wings accordingly. When looking at machine learning applications, it has been seen 

that similar predictions are successfully performed. Based on this, it has been realized 

that estimating gust can be done with Machine Learning. In this study, gust estimation is 

attempted with artificial neural networks, one of the machine learning algorithms. 

There were two different variables in the data received for Gust estimation. 

These were y-shift and angle of attack. Gust was tried to be estimated by giving these 

two variables as parameters. Considering the results, it was seen that the gust could be 

successfully estimated as a result of the roads followed. 

In future studies, it can be tried to estimate by increasing the number of 

parameters for experiments to be carried out by using more variables or by increasing 

the number of 500-time dependent force values in this study. By changing the number of 

outputs, it can be tried to obtain estimates for later times. By changing the output 

numbers, you can look at the effect of the output number on the estimate. 

With Gust's prediction, wings can be produced in the aviation industry that 

automatically record data and can automatically estimate the gust by putting it in an 

artificial neural network algorithm. As a result of the blades that automatically adjust the 

position when estimating the gust, better performance can be achieved by reducing 

performance losses. 
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APPENDİX A  

PHP CODE FOR OUTPUTS  

<?php 

require_once __DIR__ . "/PHPExcel/Classes/PHPExcel.php"; 

ini_set('max_execution_time', 300); //300 seconds = 5 minutes 

 

$phpExcel = PHPExcel_IOFactory::load('A1.csv');  

$sheetpp = $phpExcel ->getActiveSheet();  

 

$phpExcel = new PHPExcel; // yeni excel yarat 

$phpExcel->getDefaultStyle()->getFont()->setName('Arial Black');  

$phpExcel->getDefaultStyle()->getFont()->setSize(14); //gereksiz 

$writer = PHPExcel_IOFactory::createWriter($phpExcel, "Excel2007");  

$sheet = $phpExcel ->getActiveSheet(); 

 

$b = 501; // data cekilen excelin rowlari icin counter ,  

$row2 = 1;   

$lastColumn = 'F';  

$column2 = 'A'; //  

for ($i2=1; $i2<=11900; $i2++){  

  for ($column = 'A'; $column != $lastColumn; $column++) { 

    $cell = $sheetpp->getCell($column2.$b); 

    $sheet->getCell($column.$row2)->setValue($cell->getValue()); 

    $b++; 

  } 

  $row2++; 

} 

$writer->save('5likyatay.xlsx'); 

 

?>  
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PHP CODE FOR INPUTS  

<?php 

require_once __DIR__ . "/PHPExcel/Classes/PHPExcel.php"; 

// Load an existing spreadsheet 

$phpExcel = PHPExcel_IOFactory::load('A1.csv'); 

// Get the first sheet 

$sheetpp = $phpExcel ->getActiveSheet(); 

$myfile = fopen("200luk.txt", "w") or die("Unable to open file!"); 

$txt = "\n";  

$txt2 ="  "; 

$a=1; 

$column = 'A'; 

 

for($i2=1; $i2<=11900;$i2++){   

  for ($i = 1; $i <= 500; $i++) { 

 

    $row = $sheetpp->getRowIterator($a)->current(); 

    $cellIterator = $row->getCellIterator(); 

    $cellIterator->setIterateOnlyExistingCells(false); 

    /* 

    foreach ($cellIterator as $cell) { 

        // echo $cell->getValue(); 

        fwrite($myfile, $cell->getValue()); 

        fwrite($myfile, $txt2); 

        //echo "    "; 

    } 

    */ 

    $cell = $sheetpp->getCell($column.$a); 

    //echo $cell->getValue(); 

    fwrite($myfile, $cell->getValue()); 

    fwrite($myfile, $txt2); 
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    //echo $cell; bunu değiştirdin  

    //echo "<br>"; 

    $a++; 

  } 

  //echo "<br>"; 

  fwrite($myfile, $txt); 

  //fwrite($myfile, $txt); 

  $a= ($a-500)+5;  

} 

 

fclose($myfile); 

?> 
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APPENDİX B  

Artificial Neural Network Structure  

import numpy as np 

import pandas as pd  

from sklearn.model_selection import train_test_split, 

GridSearchCV,cross_val_score 

from sklearn.metrics import mean_squared_error, r2_score 

import matplotlib.pyplot as plt 

from sklearn.preprocessing import scale  

from sklearn import model_selection 

from sklearn.tree import DecisionTreeRegressor, DecisionTreeClassifier 

from sklearn.neighbors import KNeighborsRegressor 

from sklearn.ensemble import BaggingRegressor 

from sklearn.model_selection import GridSearchCV 

from sklearn.preprocessing import StandardScaler  

from sklearn.neural_network import MLPRegressor 

from pandas import DataFrame 

from sklearn.metrics import r2_score,max_error 

from sklearn.metrics import mean_absolute_error,mean_squared_error 

import statistics  

import datetime 

import time 

import matplotlib as mpl 

import matplotlib.pyplot as plt 

 

 

plt.ion() 

mpl.rcParams['axes.labelsize'] = 24 

mpl.rcParams['axes.titlesize'] = 29 
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mpl.rcParams['figure.figsize'] = (18, 9) 

mpl.rcParams['xtick.labelsize'] = 16 

mpl.rcParams['ytick.labelsize'] = 16 

mpl.rcParams['legend.fontsize'] = 20 

 

 

 

 

from warnings import filterwarnings 

filterwarnings('ignore') 

Y_train = pd.read_csv('all_yshift_output.csv', sep=';') 

scaler = StandardScaler() 

scaler.fit(Y_train) 

X_train = pd.read_csv('son_yshift.csv', sep=';') 

scaler = StandardScaler() 

scaler.fit(X_train) 

Machine_learning_structure = MLPRegressor(alpha=0.001, hidden_layer_sizes = (100), 

max_iter = 5000000,activation = 'relu', learning_rate ='adaptive').fit(X_train, Y_train) 

X_test = pd.read_csv('son_yshift_test.csv', sep=';') 

Y_test = pd.read_csv('yshift39mm_45_test_output.csv', sep=';') 

scaler = StandardScaler() 

scaler.fit(X_test) 

scaler = StandardScaler() 

scaler.fit(Y_test) 

Y_pred = Machine_learning_structure.predict(X_test) 

np.shape(Y_pred) 

a=Y_pred.reshape(59500,1) 

b=np.array(Y_test).reshape(59500,1) # real values 

c=np.array(range(501,60001,1)).reshape(59500,1) 

plt.plot(c,b,'b' , label= 'Real Values') #real values blue  

plt.plot(c,a,'m' , label= 'Prediction Values') #train values purple  

plt.xlabel('Time') 

plt.ylabel('Axial Force(N)') 
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plt.title('RAW DATA') 

plt.legend() 

 

plt.show 

def error_max(y_predicted,y_real):  

    erro_max=[] 

    for x,y in zip(y_predicted,y_real):    

        erro_max.append((abs(x-y))) 

    print('Max Absolute Error: ', max(erro_max)) 

error_max(a,b) 

def error(y_predicted,y_real):  

    erro=[] 

    for x,y in zip(y_predicted,y_real): 

        if y!=0: 

            erro.append((abs(x-y)/y)*100) 

    print('Max Relative Error: %', max(erro)) 

error(a,b) 

d = np.hstack(b) # real values  

np.shape(d) 

e = np.hstack(a) 

np.shape(e) 

smooth_real = pd.Series(d).rolling(window=10).mean() 

smooth_pred = pd.Series(e).rolling(window=10).mean() 

pred_secondly = [] 

    real_secondly = [] 

    for i in range(1,59500,100): 

        pred_secondly.append(smooth_pred.iloc[i]) 

        real_secondly.append(smooth_real.iloc[i]) 

max_test=np.amax(d) 

min_test=np.min(d) 

err=[] 

for x,y in zip(pred_secondly,real_secondly): 

    if str(x) != 'nan' and str(y) != 'nan': 
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        err.append((abs((x-y)/(max_test-min_test)))*100) 

print('Max Relative Error: %', max(err) , statistics.mean(err) ) 

err=[] 

for x,y in zip(pred_secondly,real_secondly): 

    if str(x) != 'nan' and str(y) != 'nan': 

        err.append((abs((x-y)/y))*100) 

print('Max Relative Error: %', max(err)) 

err_max=[] 

for x,y in zip(pred_secondly,real_secondly): 

    if str(x) != 'nan' and str(y) != 'nan': 

        err_max.append((abs(x-y))) 

print('Max Absolute Error: ', max(err_max)) 

f =np.array(range(600,60001,100)).reshape(595,1) 

plt.plot(f,pred_secondly,'m-', label ='Prediction Values') #red circle marker for pred 

valıues  

plt.plot(f,real_secondly,'b-', label = 'Real Values') #blue circle marker for real values  

plt.xlabel('Time') 

plt.ylabel('Axial Force(N)') 

plt.title('SMOOTH DATA') 

plt.legend() 

plt.show 

 

 

 

 

 

 

 

 

 


