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Abstract 
Artificial Neural Networks have found a variety of 

applications that cover almost every domain. The 

increasing use of Artificial Neural Networks and 

machine learning has led to a huge amount of 

research and making in of large data sets that are 

used for training purposes. Handwriting recognition, 

speech recognition, speaker recognition, face 

recognition are some of the varied areas of 

applications of artificial neural networks. The larger 

training data sets are a big boon to these systems as 

the performance gets better and better with the 

increase in data sets. The higher training data set 

although drastically increases the training time. Also 

it is possible that the artificial neural network does 

not train at all with the large data sets. This paper 

proposes a novel concept of dealing with these 

scenarios. The paper proposes the use of a 

hierarchical model where the training data set is first 

clustered into clusters. Each cluster has its own 

neural network. When an unknown input is given to 

the system, the system first finds out the cluster to 

which the input belongs. Then the input is processed 

by the individual neural network of that system. 

 

The system has a huge application in all the areas 

where Artificial Neural Network is being used 

extensively. The huge amount of research over these 

times has resulted in the creation of big databases, 

which are impractical for a single system to train. 

Also the system takes us closer to the imitation of the 

human brain which has specialized segments for all 

sorts of scenarios. In order to test the system, we 

applied it over the problem of face recognition. We 

got a better learning and a higher efficiency using 

our system. This shows the impact of the algorithm. 
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1. Introduction 
 

Artificial Intelligence has covered almost every 

domain of human life and study. It finds its 

applications in various industrial domains. A huge 

reason for this is the working of Artificial Neural 

Networks. They are gaining popularity due to the 

good results and ease of applicability. The Artificial 

Neural Networks and especially backpropagation 

algorithm has inspired a lot of research and 

applications. They have been extensively used in 

speech and speaker identification [18, 21]. Another 

major area of application is the face recognition [24, 

26] and other biometrics. The Handwriting 

recognition [7, 11] also is a major growing field. 

Other areas include robotic navigation control [13, 

20, 22], language processing, corner detection, 

biomedical, financial analysis, credit risk analysis, 

series prediction, noise removal etc. The research 

over the years in these domains has attracted the 

increase in the level of objectives of the research and 

the increase in expectations of the system [27]. 

 

As a result there has been an explosion in the training 

data sets [1, 4, 5, 6, 9, 12, 25, 27]. The number of 

training data is always kept high to ensure a good 

performance of the system. The more the training 

data, the better is the performance of the system. The 

high amount of training data set has a few 

disadvantages. The increase in training data badly 

increases the computation cost. As a result it becomes 

very difficult for the system to train. Also it is 
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possible that due to the presence of such a high 

amount of data, the system fails to train itself. 

 

In this paper we propose a novel approach that solves 

these problems. The approach is especially useful for 

a data set with high amount of training data. We use a 

hierarchical approach. Here first the training data set 

is clustered [10]. We use Fuzzy C Means clustering 

to form clusters of the given training data set. Every 

cluster has a separate neural network. It trains only 

the data that belong to its cluster. Likewise there are 

k neural networks that are trained independent of 

each other. Whenever an unknown input is given, we 

first find out the most appropriate cluster by 

measuring its distance from various clusters. Then its 

output is taken from that particular neural network. 

 

This paper is organized as follows. Section 2 talks 

about the motivation of the algorithm. Section 3 

discusses the algorithm. Section 4 gives the results of 

the algorithm. Section 5 gives the conclusion.  

 

2. Motivation 
 

Various approaches have been applied in the past for 

better machine learning. Artificial Neural Networks 

with back propagation algorithm [7, 11, 13, 18, 20, 

21, 24] is one of the most commonly applied 

approaches. This is a type of supervised machine 

learning, where the inputs are applied continuously 

and output is calculated. The error or difference in 

actual and observed values is back propagated for 

adjustments of weights. Another common approach is 

the Kohonen’s Self Organizing Maps (SOMs) [19]. 

This is a type of unsupervised machine learning. Petri 

Nets and Linear Vector Quantization are other such 

methods. Corners’ Algorithm [14, 15, 17] is another 

algorithm that works for instantaneous machine 

learning. 

 

We also have fuzzy systems that are usually able to 

solve problems. The neuro fuzzy [8, 16, 23, 26] 

systems are another way of machine learning. These 

systems try to build fuzzy logic out of the given data 

and use back propogation algorithm or steepest 

descend approach to optimize the model. Genetic 

Algorithms [23] and particle swarm optimizations 

[16] are also being used with Neural Networks for 

optimization of performance and getting global 

minima for the system. Various other developments 

are being applied to improve the mathematical 

background for various problems [2, 3, 10]. 

 

For the reduction in training time of the Artificial 

Neural Networks, distributed and parallel processing 

systems [1, 4, 5, 6, 9, 12, 25] are being built. They 

use various types of partitioning to distribute the 

whole work of training into multiple terminals. 

 

3. Algorithm 
 

In this section we have a look into all the aspects of 

the working of the algorithm. The major steps of the 

algorithm are given in Figure 1. A conventional 

Neural Network [7, 11, 13, 18, 20, 21, 24] gives the 

inputs to the system and the output is calculated by 

the processing by the various nodes of the system. 

Every time an input is given from the input nodes and 

the output is collected after processing from the 

output nodes. The system consists of a number of 

parallel processing nodes that work on the input to 

generate the output. 

 

In this system we do not use one, but k number of 

neural networks. Each of the neural networks caters 

to the needs of some of the inputs that lie within its 

range. Each neural network has a known range of 

inputs that it serves. This is decided by the clustering 

of the input test data.  

 

The algorithm has two phases, training and testing. 

The purpose of training is to make the k Artificial 

Neural Networks and decide their clusters. The 

training data is clustered using Fuzzy C Means 
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Figure 1: The hierarchical training algorithm 

 



clustering. This gives us the center of every cluster. 

We also get the members of every cluster. Every 

cluster has its own neural network. This neural 

network is trained independently of all other 

networks using the members of this cluster. When 

this process is over for all the k neural networks, we 

have the networks ready for the testing. 

 

In testing phase, whenever an input is given, we 

select the best cluster that is closest to the input. We 

then process the input by this neural network. The 

general architecture of the system is given in Figure 

2. 

We discuss more about the various phases of the 

algorithm in detail in the next few subsections. We 

discuss the two phases of training and testing, one by 

one. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: The hierarchical structure of the 

algorithm 

 

 

3.1 Training 

 

The purpose of this stage is to form the k Neural 

Networks, each trained by its set of inputs. Each 

neural network has its own range in which it 

operates. 

 

Fuzzy C Means Clustering: Fuzzy C means 

Clustering is a clustering algorithm that is extensively 

used for clustering of input data in various 

applications. In this algorithm, we need to specify the 

number of clusters in advance. The algorithm clusters 

the input data into these many clusters. We get the 

centers of the clusters at the end. This clustering 

algorithm is called a fuzzy algorithm, as any data 

element is not a member of just one cluster, rather it 

is associated with more than one clusters each with a 

different membership degree. This clustering 

algorithm also gives us the membership degrees of 

the various inputs. The clustering of any general 

input is given in figure 3. 

 

In our algorithm, we first of all need to decide the 

number of clusters. This value depends of the level 

up to which we want the system to be distributed. 

The higher value of k would result in larger number 

of neural networks. The inputs would be distributed 

over a larger number of systems. This would improve 

the training time. However, a neural network may fail 

to give good performance if the number of training 

data in it is too small. 

 

 
Figure 3: The 2 clusters clustered by the 

algorithm (shown as large characters) 

 

 

By analyzing the training data set and the system 

requirements, we decide the value of k. The other 

parameters that we need to fix in this algorithm are 

Maximum number of iterations, Minimum 

improvement and exponent. Once we run the 

algorithm, the data is analyzed and the various 

clusters are formed. At the end of the algorithm, we 

get to know the centers of the k clusters that we had 

intended to find. 

 

Suppose that our training data is 

<I11, I12, I13, I14….I1n> 

<I21, I22, I23, I24….I2n> 

….. 

<Im1, Im2, Im3, Im4….Imn> 

 

Using Fuzzy C Means Clustering we get the k centers 

as 
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<C11, C12, C13, C14….C1n> 

<C21, C22, C23, C24….C2n> 

….. 

<Ck1, Ck2, Ck3, Ck4….Ckn>  

 

Now we allocate every input to a corresponding 

cluster. This is decided based on the distance between 

the input and the cluster. We select the cluster with 

the least distance from the given input. The distance 

between any two points X<x1, x2, x3, x4…. xn> and 

Y<y1, y2, y3, y4…. yn> is given in equation (1). 

  

 (1) 
 

The cluster p to which any given input I belongs is 

given by equation (2). We select only one value of p. 

 

Cluster(I) = { p : d(I,Cp) ≤ d(I,Ci) for all 1≤ i ≤ k } 

     (2) 

 

We look at all the training data and decide the cluster 

to which they belong. We group up data and hence at 

the end each cluster has some input training data 

associated with it. Through this step, we have 

clustered the input data into various clusters. 

 

Normalization: The input data may be having very 

high ranges. Since we are using backpropagation 

algorithm, we need to make sure that data in every 

step lies within workable ranges. If the input data is 

very high, it is possible that it may overshoot the 

workable range in any step of internal processing. 

This is a common observation while working with 

the Artificial Neural Network toolkit of MATLAB. If 

the input data sizes are even slightly higher, the 

results are badly affected. 

 

Hence it is usually preferred to keep all inputs 

between -1 to 1. This improves the performance. In 

order to make sure that the inputs are within range, 

we apply a step of normalization. In this step every 

input is divided by the maximum value that the input 

can take. Usually we take this maximum value as the 

maximum value that is present in the training input. 

This is given by equation (3). 

 

   (3) 

 

If the outputs are also quite large, then we need to 

normalize them as well. This can be done by dividing 

them with the maximum output, as we did for the 

input. This would ensure that the output is within the 

range of –1 to 1, under which the artificial neural 

network would be able to perform well. 

 

These maximum values need to be preserved, as we 

would need them in the testing phase as well. While 

testing also, whenever an input is applied, we first 

find out the cluster to which it belongs. Then we 

divide the input by the same value as we did for all 

the training data of that cluster. 

 

Training: The most commonly used method for 

training is the back propagation algorithm. In this 

algorithm, the inputs are applied one after the other 

and the outputs are calculated. The actual results to 

each of these inputs are known. The difference is 

calculated between the actual and the observed 

outputs. This error is back propagated to all the 

layers. The layers uses the concept of steepest 

descend to calculate the new weights. The weights 

are changed to the new weights. Next time when 

same inputs are applied, the errors are smaller. This 

process is repeated for a few iterations or epochs. 

 

We have the k clusters ready, each with a set of 

normalized data sets from the previous step. We use 

the back propagation algorithm in all these k neural 

networks and train them independently. The limited 

inputs are given and hence training is a lot better and 

faster.  

 

3.2 Testing 

 

Once the k Neural Networks are ready, we need to 

test them for unknown inputs. This is done in the 

testing phase of the algorithm.  

 

Selecting the Cluster: We have k neural networks 

that are ready. We need to select one of them. This 

selection is done by finding the cluster that is closest 

to the given input. This selection is the same as given 

in equations (1) and (2). 

 

Normalization: As discussed above, we need to 

normalize the input as we did for the training data. 

Every cluster had a maximum value per input which 

we used to divide the input to make it lie within the 

range of -1 to 1. We divide the input by the same 

value as we did for all the training data of that 

cluster. This value is given in equation (3). 

 

Use of Neural Network: We have selected the 

Neural Network and the normalized input to be 

processed. We now apply the input to this neural 

network using the forward pass of the artificial neural 

network. The various nodes process the inputs and 

pass the results to the subsequent layers. The final 



answer is given by the output node. This is the output 

to the given input that may be interpreted as per the 

requirements of the system. 

 

4. Results 
 

In order to test the working of the algorithm, we 

tested it both for the synthetic data and the face 

recognition data set. We give both the results in the 

next sections. 

 

4.1 Synthetic Data Set 

 

We generated a random problem where the system 

was to make a Yes/No decision, based on the 5 inputs 

given to it. We generated 1000 random cases 

comprising of 5 random numbers as input and a 

random binary output. We used 4 clusters in 

clustering of these inputs. The clusters generated are 

shown in figure 5. The 4 neural networks were 

trained independent of each other and at the end of 

training 4 neural networks were ready. 

 
Figure 5: The 4 centers of clusters formed from 

training input (shown by black dots) 

 

We then tested the system. It was observed that by 

using only the conventional Neural Network, the 

performance was found to be 71.1% correct. But by 

using this algorithm we got an accuracy of 79.1%. 

The increase in accuracy clearly shows the impact of 

the algorithm. 

 

4.2 Face Recognition Data Set 
 

In this dataset, we were needed to identify the faces 

of people. The various faces are taken, in form of 

images and preprocessed to correct their size and 

extract the relevant parts of the images. The features 

are extracted using the image processing toolbox in 

MATLAB. The features that were extracted were 

distance between two eyes, length and width of 

mouth and eye, position of mouth and eye, distance 

between eye and mouth. These features were used as 

the inputs to the systems.  

 

We classified the inputs into a set of 2 clusters and 

distributed the input data set into these 2 clusters. 

These were trained independent of each other. While 

training we observed that the number of epochs that 

were required was much less than the original 

system. We also observed the system getting trained 

a lot more easily. Hence this system performed much 

better than our original system of single neural 

network. 

 

The performance of the single neural network was 

measured to be 87.5%. After applying the clustering, 

the performance got raised to 92.5%. This shows that 

the system is able to perform much better as a result 

of clustering and the increase in performance is 

observed. 

 

5. Conclusion 
 

In this paper we saw that by using a hierarchical 

nature, we have successfully implemented an 

intelligent system. The system was much easier to 

train and gave better performance. The system was 

easily able to solve the face identification problem. 

The system hence can be easily used in place of the 

conventional Neural Networks. This system can be a 

big boon for the systems where the training data sets 

are too large in size. They can be used in all the 

problems that currently use Back Propagation 

Algorithm or other algorithms in Artificial Neural 

Networks. 

 

In this system, we first used Fuzzy C Means 

clustering to classify the whole data into data 

clusters. This gave each cluster a range of inputs 

which it works upon. Each cluster has its own 

Artificial Neural Network. Each cluster is trained 

using the training data sets that belong to it. The 

training is carried out using the Back Propagation 

algorithm. At the end of the testing phase we have k 

Neural Networks that are ready to perform. 

 

At the testing phase we have an unknown input. We 

first find the cluster that would be processing this 

input. This is the cluster with the least distance from 

the input. Then we use the Neural Network 

corresponding to the selected cluster to process the 

input and find out the output to this input. 

 

In this paper we have formed a system where we 

cluster the data and hence setup a hierarchical 

structure of the system. It may be possible sometimes 

that the training data becomes too low in some 

clusters. This may force re-clustering with some 

restrictions. The actual method of the same is yet to 

be studied. It is also proffered for the clusters to be of 



equal size due to performance reasons. The clustering 

algorithm may be modified to encorporate these 

changes. Also we need to make some means to 

identify up to what limit we can cluster the data. 

There needs to be an optimal value of the parameter k 

as both the extremes will reduce the system 

performance. This also needs to be studied in future. 
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