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Abstract: The results of many measured engineering experiments require an analysis and study process in order to determine the 

relationships between the independent variables and the dependent variables, and accordingly, the accuracy of the values of the 

adopted variables becomes an urgent necessity. 

In this research paper we will take a sample of laboratory data and find the necessary relationships between the different variables, 

and then we will present some models of artificial neural networks to find solutions to these relationships in order to make the 

necessary comparisons to reach some of the necessary recommendations regarding the handling of measured data. 
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1- Introduction 

Many experiments and studies are carried out in many laboratories and engineering workshops, the results of which are a set of 

measurements, which constitute values for a set of values of independent variables and values of a set of approved variables. 

The values obtained in the laboratory as a result of the measurement process may be large, which creates difficulties in linking these 

values with each other to find the necessary relationships that can be used with high accuracy to find the values of the variables 

adopted by knowing the values of the independent variables. 

To obtain the relationship between the independent and dependent variables in the measured data we can use regression model [1], [2], 

this model can be easily solved using matlab, figure 1 shows an obtained experimentally results with 4 independent variables (x1, x2, 

x3, and x4 and dependent variable y), the regressed out can be obtained applying the following code: 
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The mean square error between the measured output and the calculated one can calculate using equation1: 

 

 

Figure 1: Results of measurements and the regressed output 

From figure 1 we can see that solving the regression model for the experimental data provide a very small error which can be 

accepted, in the following parts we will check whether artificial neural networks [19], [20], [21] gives better results. 
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2- Artificial Neural Networks 

Artificial neural network (ANN) [8], [9] is a powerful mathematical model which can be used to solve various problems such as 

digital images [3], [4], [5] classification, speech recognition [6], [7], function approximation and many other problems. 

ANN is asset of fully connected neurons [10], [11] which are arranged in one or more layers [12], each neuron is a computational cell 

which as shown in figure 2 performs summation of the products of the weights and inputs [13], then according to the selected 

activation function calculates the cell output[14]. 

 

Figure 2: Neuron operations 

In order to get ANN desired output it must be trained [15], [16], each training cycle is done in two ways as shown in figure 3: the 

feedforward phase in which the neurons outputs are calculated, starting from the input layer, and a backward phase to find the error, 

and according to obtained error adjust the weights [17], [18]. Figures 4 and 5 show an example of one training cycle calculation. 

 

Figure 3: Training cycle 
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Figure 4: Training cycle calculations 

 
Figure 5: Training cycle calculations (continued) 

 

ANN can be used in different variations, mostly and widely used are feedforward (FFANN), cascade-forward (CANN and Elman 

(EANN) neural networks [10], [11]. In FFANN (see figure 6) the neurons are organized in layer and each neuron is fully connected to 

neurons in the previous layer. 

 

Figure 6: FFANN 
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In CFANN the inputs weights are connected to the other layers as shown in figure 7. 

 

Figure 7: CFANN 

 

Figure 8: EANN 

In EANN the outputs of the hidden layer feed the input layer and form a context delay nodes. 

 

3- Implementation and Experimental Results 

To use ANN as a computation tool we have to follow the following steps [8], [9]: 

 Select the input dataset. 

 Normalize the dataset if needed. 

 Select the target output (outputs). 

 Create and build ANN architecture by defining the number of layers, defining the number of neurons in each layer, defining 

the activation function for each layer [10], [11], selecting ANN type. 

 Setting all the weights to zeros by initializing the net. 

 Setting the number of training cycles. 

 Setting the error to zero. 

 Training the net. 

 Run the net. 

 Checking  the error and the calculated outputs, if acceptable save ANN to be used later as a computational tool, else modify 

the architecture OF ANN by adding extra hidden layer, or changing the activation function, or by increasing the number of 

training cycles and train ANN again. 
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The following matlab code was written and it will be used for results analysis: 
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The above code was implemented varying ANN type, by replacing newcf to newff to use FFANN and to newelm to use EANN. 

Figure 9 shows the obtained results using CFANN; figure 10 shows the obtained results using CFANN, while figure 11 shows the 

obtained results using EANN. 

 

Figure 9: Obtained results using CFANN 
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Figure 10: Obtained results using FFANN 

 

Figure 11: Figure 10: Obtained results using EANN 

From the obtained results we can see that using CFANN gave the best results by minimizing the value of MSE, and the tools sorted 

according to the accuracy will be as follows: 

- CFANN 

- Regression method 

- FFANN 

- EANN 

And here we can highly recommend CFANN to be used as a computational tool to find the relationship between any measured 

experimental data.   
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Conclusion 
A measured experimental data was collected and the relationship between the independent variables and the dependent ones was 
obtained using regression model. The results of the regression model were good and the can be acceptable. 

An experiments were done to see whether we can enhance the accuracy of the regression model. Different computational tools using 

ANN were built and tested. It was shown that using cascade-forward ANN as a computational tool gave an excellent enhancement, 

thus it can be highly recommended. 
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