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Train an ANN to reproduce the analytic function f(x,y).

Show the capability of the net to estimate the values of a surface with 

a large number of peaks and valleys (local maxima and minima)

Exercise 1: function regression



Step 0: Plot the analytic function



• The first step is to create samples of the function. Each pattern is composed by three 

signals:
 input1 input2 output

ex1: x1 y1 f1
ex2: x2 y2 f2
… … … …

exn: xn yn fn

The number of patterns has to be large enough to guarantee the possibility of:

1) training the ANN → good coverage of all the training space. In this case, since f has 

many peaks and valleys, we need a large number of training pattern (e.g.  

N_train=1000)

2) Test the performance of the developed ANN → we need a test set of n_test patterns 

(e.g. n_test=1000) 

We simulate a dataset of n=(n_train+n_test)= 2000 patterns 

.





Step 2: data normalization in [0,1]

Step 3: Create training sets



Step 4: Build and train the 
artificial neural network 
for 500 epochs.



Finally, we can verify the performance of our network on the 
test set made of  1000 test patterns, not yet used for the 
training. 

Step 5: Compute the output of the network given the test set

Step 6: Denormalize the outputs



Step 7: provide a measure of the ANN error on the test set



Step 8: Plot the results



Comments

◼ The training of the net is based on available data 
representing the input/output non-linear relation

◼ The training phase automatically sets the net 
parameters (weights), so that to perform the best 
interpolation of the input/output data

◼ Can the quality of the approximation be improved?



Exercise 1.1: Sensibility to the number of neurons in the hidden layer

◼ What number of neurons in the hidden layer can lead 
to a satisfactory ANN?



Exercise 1.2: Sensibility to the number of training patterns

◼ What is the minimum number of training patterns 
necessary to obtain a satisfactory ANN?



Exercise 2: Fault Diagnostics



Problem definition



Problem definition



Problem definition



Exercise 2.1: Optimal model

◼ Generate 3000 samples (1000 per each class).

◼ Divide the samples into 80% for model development 
and 20% for model evaluation.

◼ Train and optimize the model architecture by finding 
the optimal numbers of neurons per layer 
considering a model with three hidden layers.

◼ Evaluate the performance of the optimal model on 
the test.
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