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Abstract— The paper presents the technique used to determine the optimal neural network architecture by means of Pattern 
Recognition and Data Mining Techniques. Using clustering techniques on the data to be processed in the context of the way to 
work unsupervised and to correlate the number of groups obtained with the optimal number of hidden layers for a multilayer 
neural network. 
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I. INTRODUCTION 
 
The issue that I want to address is a complex issue and 
difficult because there are no generally available 
analytical methods for determining the optimal 
number of hidden layers to a multilayer neural 
network [1]. Among the methods currently used to 
determine the optimal neural network architecture as 
choosing multiple networks with different 
architectures and their learning on a common data set 
[2] [3], until they meet the performance and then, 
choosing that particular neural network with minimum 
size as the number of layers and neurons can possibly 
take into account the training time [4]. The 
disadvantage of the method is that the results depend 
largely on the structures originally selected and time 
consuming. In this paper we propose an original 
method for determining the architecture of an 
optimum neural network (number of hidden layers) 
using clustering techniques that are part of the broader 
field of artificial intelligence, namely in the Pattern 
recognition.  
 
II. CLUSTERING TECHNIQUE USED 
 
Clustering algorithm used is Kruskal's algorithm. This 
grouping based on data analyzed tree with minimum 
distance. A tree with minimum distance is a tree on the 
set E, which   jid ,  is minimum. After its 
construction, clusters obtained by cutting all segments 
whose length is greater than a reference value chosen 
by the user called Reference Distance. The Figure 1 
illustrates the grouping technique using Kruskal’s 
algorithms [5]. 

 
Fig.1. Clustering technique that uses Kruskal's algorithm using 
tree with the minimum distance, it is observed that the obtained 

three groups of elements (1, 2, 3), (4, 5, 6, 7) and (8, 9, 10, 11) 
according to the chosen reference distance. 

 
III. DETERMINING OF THE NUMBER OF 
HIDDEN LAYERS USING CLUSTERING 
TECHNIQUES 
 
The idea behind this method of determining the 
optimal partition starting from the set of N training 
forms for a multi-layer neural network. We assume 
that the set of N forms used to train a neural network 
can be grouped together using conventional methods 
of pattern recognition [6] [7] according to a specific 
criterion so obtaining a number of homogeneous 
classes and a number of items that could not be 
associated with any group elements unclassified 
dispersed. The number of hidden layers of a 
multi-layer neural network will equal the number of 
groups obtained by grouping when the system is 
stable. Therefore, the number of classes obtained 
when the process is stable, will be equal to the number 
of hidden layers of a multilayer neural network [8] [9]. 
To determine the number of hidden layers we use 
clustering technique described above.  
Figure 2 presents the number of groups obtained for 
Landsat Satellite images dataset [10] for a reference 
distance of 75. 
 

 
Fig.2. The number of groups and the number of dispersed 

elements obtained the Landsat Satellite images for a distance of 
the reference d = 75, 2 groups obtained. 

 
In Table 1 given results with the program of grouping 
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to classify Landsat Satellite images of the same scene 
in different spectral bands. 

TABLE 1: DATA OBTAINED WITH GROUPING 
PROGRAM FOR LANDSAT SATELLITE IMAGES DATA 

SET 

 
 
Figure 2 shows the connection between the reference 
distances for which the group and the number of 
groups obtained for the Landsat Satellite images, 
including the percentage of forms that are presented 
and clustered. 
 

 
Fig.3. The relations between the number of groups that 

obtained according to the reference distance (Euclidean) and 
corresponding Dendrogram obtained from the analysis of 

Landsat Satellite images 
 
From the above it is noted that with increasing 
distance of reference obtained increasingly fewer 
groups and a higher percentage of clustered elements. 
For a large enough distance of the reference all forms 
of input are clustered into one group. 
The idea is to stop at the reference from which we get a 
grouping of as many forms (as few forms that cannot 
be clustered), namely more than 90%. The number of 
clusters so obtained we are going to consider the 
optimal number of hidden layers for the neural 
network. 
Therefore, in the table above we can conclude that the 
analysis of Landsat Satellite images dataset would 
have a neural network with two hidden layers. 
It easily seen in the importance of each parameter in 
determining the number of hidden neurons for a 
multilayer neural network. 
The number of neurons in the hidden layers of a 

multilayer neural network influenced by several 
factors, the most important being the number of 
hidden layers and the number of inputs in multilayer 
neural network [11]. 
 
IV. EXPERIMENTAL RESULTS 
 
For the analysis of the Datasets used by a neural 
network until we can define the optimal multi-layer 
neural network architecture, we test each data set. 
These data tested with different multilayer neural 
networks architectures using supervised learning 
method, in particular backpropagation learning 
algorithm. 
Simulation and training neural networks was done 
using simulation program “Neuroshell ver. 2.0” of 
Ward Systems Group company program [12] which 
considered one of the most complete and advanced 
simulators in neural networks. 
For data analysis, we used three different types of 
neural network architectures, with one hidden layer, 
two hidden layers and three hidden layers. 
Figure 4 shows the structure of three types of neural 
network architectures used. 

 
Fig.4. the three types of neural network architectures used for 

data analysis 
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We will take Landsat Satellite images dataset as an 
example to demonstrate the differences between the 
error results for each neural network architecture 
where the error is the difference between actual and 
desired output values. 
The figure 5 are presenting a comparison of Landsat 
Satellite errors obtained by different neural network 
architectures. 
 

 

 

 
Fig.5. the relative error for the Landsat Satellite obtained by 

neural network architectures with different numbers of hidden 
layers 

Please note that for results of Network with one hidden 
layer has the largest number of errors with value more 
than 0.35 and for the network with two hidden layers 
has one answer with a larger error less than 0.18. For 
network with three hidden layers we have two errors 
greater than 0.30. 
The experimental results for Landsat Satellite images 
make us conclude through error comparison obtained 
by different neural network architecture, that network 
with two hidden layers have an error less than 
networks with one or three hidden layers.  
From the results of the analysis of Landsat Satellite 
images, we notice that the best performs is for a neural 
network with two hidden layers. The results obtained 
confirm those obtained by clustering program that 
presented previously. 
Table 3 below show a comparison of the results in 
terms of error for six datasets [13] [14] with those 
obtained by clustering techniques that presented 
previously. 
 
TABLE 3: COMPARISON BY BEST NUMBER OF HIDDEN 

LAYERS OBTAINED BY DIFFERENT NEURAL 
NETWORK ARCHITECTURES AND THE NUMBER OF 

CLUSTERS OBTAINED BY CLUSTERING TECHNIQUES 
FOR ALL DATASETS. 

 
 
Based on the analysis of experimental results obtained 
in this section we confirm the optimal architecture of a 
multilayer neural network can be determined using the 
clustering program for the six sets of data analyzed as 
it presented previously. 
 
CONCLUSION 
 
Neural Networks represent an important tool in data 
classification, is the only technique that allows 
generalizations based on a set of data to analyze. 
Regardless of chosen neural network architecture and 
how learning used, determination of numbers of 
hidden layers and the number of neurons in these 
layers is empirically by testing. 
Clustering techniques highlighted a number of 
common input forms characteristics, on which neural 
network input forms classified into groups (clusters). 
We analyze the data processed by a multilayer neural 
network through clustering techniques in the context 
of the way to work unsupervised and to correlate the 
number of groups obtained with the optimal number of 
hidden layers for a multilayer neural network.  
Using clustering techniques many factors effects on 
the number of hidden layers of a multilayer neural 
network, the most important is reference distance 
according it input data grouped. The accuracy of this 
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factor is important to determine the optimal number of 
hidden layers. 
We believe that using this method can save time in 
building an optimal neural network for solving a 
concrete problem.                                    
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