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Abstract 

When looking for a way to develop a program with artificial intelligent, the most 

common related concept is the artificial neural network (ANN). Due to being a 

computational model of a biological neural network that can be used for simulating, 

processing or prediction. This article have as objective the mathematical 

implementation of a feedforward neural network in C# programming language. To 

achieve the previous, the behavior of a MATLAB ® neural network was analyzed, with 

the purpose of making the data adjustment that allows identify the energy consumption 

for a building from weather and time variables. 
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1. Introduction 

Artificial neural networks (ANN) form part of the intelligent artificial field, due to 

being a calculation model characterized for having very efficient algorithms that 

operate massively in parallel. This structure is appropriate to do cognitive tasks such 

as patterns learning, classification or optimization [1-3]. 

Neural networks are commonly used nowadays, even though they date from the 

forties and fifties, when the first concepts and developments by Warren Mc Coulloc 

(neurophysiologist) and Walter Pitts (Mathematical) began being published [4]. Their 

concepts were not successful at the time, because the computational resources needed 

for obtaining an ANN with good results were very high [5-6]. 

Taking into account the actual level of processing and the usefulness of the ANN, is 

very common to find specialized toolbox to design, train and simulate an artificial 

neural network on different programming languages [7-9]. 

The artificial neural network consists of neurons which are equivalent to biological 

neurons[10]. The concept of artificial neuron is defined as a system which is able to do 

tasks of automation classification by learning through a number of tagged examples 

and determined the equation applicable to these examples [11-12]. 

The interconnection of artificial neurons can change depending of the architecture 

of the neural network. Nowadays, different architectures exist but for this particular 

case, the feedforward neural network is analyzed. Which is considered as the most 

studied at scientific level and it is the most useful in many application fields. One of 

them is the estimation, analysis and prediction of meteorological variables [13-14]. 

The study of meteorological variables, especially for urban zones allows studying 

and estimating the energy consumption of a building from present climate conditions. 

Amongst the most common variables analyzed are the humidity, temperature, wind 

and solar radiation, which can be related with the building consumption in 

illumination and air conditioning [15-16]. 

Taking the previous into account, this paper proposes the mathematical 

implementation of a feedforward neural network in C#, with which data adjustment 
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can be done for the measurements of humidity, temperature, wind and solar radiation 

in the area. With the purpose of giving the user an estimate of building energy 

consumption from these factors. Obtaining as a result, a support tool for prediction 

programs of meteorological variables or energy consumption without the use of 

specialized toolbox. 
 

2. Methodology 

In this particular case, the database used for the training of the feedforward neural 

network is based on the study done by the Oak Ridge National Laboratory, located in 

Oak Ridge, Tennessee [18]. This study analyzed the meteorological factors of dry bulb 

temperature, global horizontal irradiance, wind speed, dew point temperature, wind 

direction and relative humidity for the year 2010, and their relation with the energy 

consumption of a building. The average values are shown in the table 1. 

Table 1. Average Values of Meteorological Factors from Oak Ridge for 
the Year 2010 

VARIABLE 
AVERAGE 

VALUE 

Temperature (°C) 14,65 

Humidity relative (%) 69,13 

Global horizontal 

irradiance (W/m^2) 
183,71 

Wind speed (m/s) 1,48 

Direct irradiance 

(W/m^2) 
182,61 

Diffuse irradiance  

(W/m^2) 
72,7 

Wind direction (°) 192,47 

 

By using the METEONORM software, a database for the previously mentioned 

location, for the year 2010 was rebuild. Once the example database is obtained, it 

relates the meteorological and time factors as inputs, and the energy consumption as 

the output.   

The next step is the construction, training and evaluation of the feedforward neural 

network for its later implementation in C#, following the process shown in figure 1.    
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Figure 1. Methodology for the Implementation of the Neural Network in 
C# 

The feedforward neural network was created using the neural network toolbox of 

MATLAB®, nftool, in which the database with the example data was uploaded. The 

previous was done by applying the architecture shown in figure 2. 
 

 
 

Figure 2. Neural Network Architecture Apply in MATLAB® 

From the architecture, the hidden layer (HL) can be mathematically deduced, 

resulting in equation 1. 

 (1) 

Where Hw represents the weights of the hidden layer and Hb represents the bias of 

the hidden layer. Subsequently, the output layer can also be deduced mathematically 

(OL). Its representation is shown in equation 2.   

 (2) 

Where Ow represents the weights of the output layer and Ob represents the bias of 

the output layer. In order to do the data adjustment, each layer has their own activation 

function. In this case, the hidden layer has a hyperbolic tangential function and the 

output layer has a linear function.   

The hyperbolic tangential (tansig) is the most used function in the neural networks. 

It was chosen as the activation function for the hidden layer, due to its flexibility and 

the range of the results it manages, being between 1 and -1 [19, 20]. In equation 3, the 

mathematical expression of tansig is shown. 

 

(3) 
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After the feedforward neural network in MATLAB ® is generated, the construction 

script of neural network is then made. This script must be modified due to MATLAB® 

performing functions of pre-processing and post-processing of the input and output 

signals before initializing the neural network training. These functions are remove 

using the following code lines: “net.inputs{1}.processFcns={};” for inputs and 

“net.outputs{2}.processFcns={};” for outputs [21]. 

By executing the previous lines, a modified neural network was created. This ANN 

will be implemented mathematically in C#. The result of equation 2 was compared 

with the ANN for the same input.  

For the implementation of equation 2 in C#, it is necessary to import the matrices of 

the modified neural network from MATLAB® to C#. In this case, the IW{1} matrix 

that corresponds to the weights of  the  hidden layer, LW{2} that corresponds to the 

weights of the output layer,  b{1} that corresponds to the bias of the hidden layer and 

b{2} that corresponds to the bias of  the output layer were imported. 

Similarly, the example database was used as well to construct, train and simulate a 

neural network using the most common toolboxes of C#. In this case, the 

AFORGE.net and ACCORD.net were used, with the purpose of comparing their 

results with the C# version of equation 2. 
 

3. Results 

Due to MATLAB® being used specifically for mathematical processing, it is the 

best option to construct, train and simulate a neural network. Therefore, following the 

previous methodology, the differences between the nftool neural network and 

modified neural network were identified and shown in the table 2.  

Table 2. Comparison of Training between the Nftool ANN and the 
Modified ANN 

ANN Nftool ANN  
Modified 

ANN  

Time (S) 106 80 

Epoch (#) 29 42 

Data 

adjustment 

(%) 

95,87 95,64 

Neurons 

number (#) 
100 100 

Processing 

memory (Gb) 
1.5 2.3 

Number of 

trainings (#) 
1 - 5 3 - 8 

 

From table 2, it can be observe, that in order to get a data adjustment of 95%, a 

higher number of trainings was necessary for the modified ANN. Despite of having 

the same number of neurons, the modified ANN had a higher computational 

consumption but minor training time than the nftool network. Subsequently, the tests 

between the two neural networks were made through the evaluation of each database 

input. The results are shown in figure 3. 

Due to the data adjustment, is normal that the networks presents a few peaks in 

error, as shown in figure 3. It proves that both neural networks have a similar 

behavior. Additionally is possible to observe that the modified neural network has an 

average error of 5%. 
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Figure 3. Error behavior for the Nftool ANN and modified ANN 

Once validated the modified neural network, it was implemented in C# with the 

purpose of making the data adjustment of the example database. Which related the 

meteorological and time variables with the energy consumption. This means, that by 

having as input of environment factors and time for a specific zone of database, the 

ANN is able to estimate how much energy is consumed.   

As the validation method, a test with 110 different inputs was made. The energy 

consumption obtained by the ANN was compared with the average energy 

consumption of the example database, achieving the error shown in figure 4. 

The ANN in C# presents an average error of 3, 7%, in relation with the average 

energy consumption of the example database. Moreover, the comparison between the 

mathematical implementation of a feedforward neural network and the most common 

toolbox use in C# was made. The results obtained are shown in table 3. 

Table 3. Comparison of Training between Toolbox of C# and Modified 
ANN 

Parameters AFORGE ACCORD 
Modified 

ANN  

Time (S) -- -- 80 

Epoch (#) 40000 40000 42 

Data 

adjustment 

(%) 

98 98 95,64 

Neurons 

numbers 

(#) 

100 100 100 

Processing 

memory  

(Gb) 

>3.5 >3.5 2.3 

Number of 

trainings 

(#) 

>3 >3 03-ago 

 

In the C# toolbox, the error, number of epoch and the number of neurons of the 

neural network must be set by the user. Due to the toolbox not having specialized 

methods and the example database being of a considerable size, the process of training 

requires 3 times more of computational consumption than one used by MATLAB® for 

the same process. This can be seen in table 3, in the processing memory row. 
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Taking into account, the amount of decimals used in the data, a moderate capacity 

of processing was required in order to have a precision of four decimals. Due to only 

having a 4 GB of RAM memory for processing, the neural network can achieve an 

error of 7% or higher that corresponds to a data adjustment of 75% or minor. For this 

reason, it was not possible to use the toolbox in C# for the training of the neuronal 

network. 
 

 
 

Figure 4. Feed forward Neural Network Error in C# 

Conclusions 

The use of a mathematical implementation of a feedforward neural network in a C# 

program, leads to save a 28, 5% in computational consumption compared with the 

specialized toolbox AFORGE and ACCORD.  

Since the implemented ANN in C# had the same precision as the artificial neural 

network created in MATLAB®, the data adjustment done for the example database 

presented an average error of 4%, which is very low even for meteorological variables. 

Finally, with this work, it was demonstrated that the trained ANN could be 

integrated in estimation or prediction systems. Due to the meteorological and time 

factors involved in this study, it was possible to ratify the direct relationship that exist 

between building energy consumption and factors such as the day, hour and warm or 

cool day. Proving that the use of this extra information generates more accurate data 

than the one from common studies of building energy consumption.  
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