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1. Introduction 
New opportunities for decision making in the recognition of 

fragments or objects of some defined image are revealed by the 
computational intelligence systems development and the artificial 
neural networks in particular. Decision choice is imposed by the 
existing decision variety of the problem, concerning the special 
features of each concrete case.  

2. Preconditions and means for resolving the 
problem 

There are many known neural networks, designed to execute the 
letter image symbol recognition. The neurons in each layer of the 
widespread multilayer networks are trained by error 
backpropagation algorithm. In this manner the symbols in text or 
number string are successfully recognized [6]. The disadvantage of 
these networks is proven to be the need considerable number of 
neurons in the first layer to be equal to the pixel number of the 
image and because of that the network training is difficult and slow. 

An adaptive resonance theory is a basis of some other 
innovative approaches. Two paradigms - АРТ1 for binary input 
vertices and АРТ2 for uninterrupted sequences are used in these 
cases [1, 7, 9]. The disadvantages mentioned before are noted for 
these networks too. An advantage of them is proven by the feature 
“associativity”, especially for strong noised or partly damaged 
images. More significant disadvantage of these networks is noted to 
be their dependence on eventual rotation or location change of the 
object of recognition making it that way their input vertex forming 
more difficult. 

The conception called cognitron and the more improved version 
– neocognitron are proven to be another point of interest [2, 8]. 
They are built on the fundamental of multilayer neural network 
where the recognition of particular object is made by the means of 
his parts identification so all the parts have to be put all together 
layer by layer. The decision of object’s class belonging is made in 
the last layer. It is possible such a network to be designed as 
invariant to the object orientation in the frame which is significant 
advantage. Designing and training this type neural network is more 
difficult however and their spread is minor because of that. 

There is known approach for designing neural network, which 
is in condition to recognize the type of an aircraft under observation 
of inverse synthetic aperture radar (ISAR), built by means of LVQ 
neural architecture [3, 5]. Distinctive feature of the ISAR is the very 
high resolution which is realized by azimuth and distance thus 
making possible production of detail sufficient images of the 
observed flying object [4]. 

3. Results and discussion 
The goal of this paper is to be realized a neural network which 

can recognize letter symbols of certain font in presence of an 
additive disturbance with normal distribution. The working 
environment for the neural network designing is chosen to be the 
application Matlab and the modeling tool Simulink. 

The neural network designing is carried out in structure of four 
stages – etalon models creating, a recognition algorithm choosing, a 
concrete neural network realization and a stage of training. 

At the first stage of designing etalon models are created from 
the letter symbols which are in fact the object of recognition. These 
symbols are chosen to be the capital letters of the English alphabet 
from A to Z in font Arial, as well as the empty space, designed in 
29 by 23 pixel network. The pixel intensity in each etalon image is 
represented in gray scale from 0 to 1, where the empty (white) 
pixels are zeros on Figure 1. 

 
Fig. 1. Etalon models of the English capital letter images built 

in 29x23 pixel network. 

The main idea in this recognition approach can be generalized 
in pixel intensity comparison of the scanned image and a set of 
etalon models with known geometry inserted beforehand. In this 
approach’s realization process, the main task can be described as 
reshaping the scanning image into input vertex in condition to be 
classified by the neural network as one similar to some of the 
classes (models) of the previously formed data base. 

In the second stage of the chosen designing approach, the etalon 
matrices with the values of pixel intensity are reshaped in vertices 
of 29x23=667 element so each matrix is transformed to one column. 
These vertices are formed in one matrix of “training” with the name 
Training (667x27). 667 is the number of pixels used in one image 
and 27 columns are in fact the number of the letters plus the 
interval, which are the object of the recognition procedure. 

Another matrix called Target which represents the “desired 
result” is made in this stage. It is necessary for the neural network 
training process. This matrix is designed with dimension 27x27 for 
the type of the N-by-N identity matrix – a matrix with 1's on the 
main diagonal and zeros elsewhere. The place of the non-zero 
element is corresponded in that way to the number of the symbol in 
association to the relevant result of the recognition. 
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A neural architecture is chosen for the third designing stage in 
accordance to the task. The neural network has two layers built by 
means of the programming code of Matlab. It is depicted in the 
Simulink environment on Figure 2. 

 
Fig. 2. Model of two-layer neural network constructed in 

Simulink. 

The chosen two-layer feed-forward backpropagation neural 
network can perform associative memory functions in presence of 
disturbance in the input sequence. The neural networks of this type 
are distinguished by the ability to make a correct classification of 
the input vertices if they contain not full or partly damaged data. It 
is possible following the principle of their association to some of 
the etalon vertices each known because of the training process 
shown on Figure 3. 

 
Fig. 3. Two-layer feed-forward backpropagation network 

stricture.  

The first layer is appeared to be “hidden”. This layer is built by 
27 neurons with logarithmic sigmoid transfer function. This neurons 
form subclasses to some of which the input vertex is attached. The 
inner structure of this layer is illustrated on Figure 4. 

 
Fig. 4. Structure of the first layer of the neural network 

A delay line “Delays 1”is included in the layer structure. The 
elements of the input sequence are transformed into input vertex. 
High level sensitivity is provided by the logarithmic sigmoid 
transfer function leading to high resolution in the recognition 
process (Figure 5). 

 
Fig. 5. Structural scheme of the mathematic model of the 

logarithmic sigmoid transfer function is illustrated.  

The chosen transfer function is implemented to realize the 
feature “associativity” – an ability to make correct decision on the 
output of the neural network in presence of not full or partly 
damaged input sequences of the scanned image in result of 
interferences. There is another advantage of this type transfer 
function. An output vertex in intervals of 0 and 1 is generated in 
that way on the exit of the layer and it completely corresponds to 
the preconditions of work for the chosen problem and the 
recognition algorithm.  

A detailed structure of the layer’s inputs is shown on Figure 6. 
The input weight matrix IW is built by twenty seven weight vertices 
- “weights”, each with concrete value defined in the training stage. 

 
Fig. 6. Structure of the input weight matrix of the first neural 

layer. 

The second layer is constructed by neurons with logarithmic-
sigmoid activation function. The number of the neurons in this layer 
is according to the number of classes needed, in this case they are 
27. The position of the “winner” neuron will correspond to the class 
the current input vertex is associated. The purpose of this layer is to 
make the first layer results classification, to generalize and put them 
to the fixed number of user classes. This layer structure is similar to 
the first layer’s one so it will not be discussed in details. 

The neural network training process is described at the four 
stage. It is in fact an adjustment of the weight matrix coefficients 
for the neurons of both the layers. This procedure is realized by 
means of the Matlab integrated algorithms for automated neural 
networks self-training. The task is easier in this way. According to 
the steps which follow some kind of a teacher is implemented by 
the neural network training method. 

The initial neural network training is performed without any 
interference. At the input of the network is the Training matrix with 
the intensity values of each etalon model pixel. The output is 
designed to look for the desired result, which is indicated by the 
matrix Target. The backpropagation of the error is used for the 
training algorithm. The goal for the possible error is chosen to be 
0.1 and the error calculating function is of the type “mse” (mean 
squared error). The maximum of the training epochs is limited to 
1000. The training results are illustrated on Figure 7a. The network 
training process is continued with higher requirements – the goal for 
the possible error is chosen to be ten times lower now, it is 0.01. 
The results of this training are shown on Figure 7b. 
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(a) 

 
(b) 

Fig. 7. Desired possible error 0.1 (a) and 0.01 (b) during the 
training in noise free environment are reached respectively at 122 
and 246 epochs. 

Next step of the training process is the same as the previous but 
in noise environment. Ten iterations were used, where for each 
input of the neural network stands twice in a row the original 
Training matrix and twice the Training matrix but this time with 
additive noise of random character and normal distribution with 
maximum mean value 0.1 and maximum variance value 0.1. The 
additive noise is generated and put on the image by means of the 
Matlab integrated functions. The limit level for the possible error is 
chosen to be with goal 0.01. The maximum of training epochs is 
limited to 1000. The results of the training process are shown on 
figure 8. 

 
(a) 

 
(b) 

Fig. 8. Performance goal of 0.01 error value during training 
process is reached on the 191 (a) and the 185 (b) of the epochs 
respectively for the third and the seventh training iteration. 

     

    

   

    
Fig. 9. Image recognition experiments in additive noise 

environment with parameters in the boundaries of 0.1 for the mean 
value and 0.2 for the variance value of the noise.  

4. Conclusion 
In this article neural architecture for letter symbols of certain 

font in additive noise environment is designed. As a result of the 
analysis and the carried out experiments the following conclusions 
can be made: 
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1. The chosen decision making algorithm is logical and 
accurate for the class belonging of the observed object. 

2. The described neural network operates like an associative 
memory and makes correct classification of the objects in high level 
of noise environment as well as if the objects are not full or heavy 
damaged. 

3. The used number of neurons in the first layer is smaller than 
in other networks because it depends of the chosen models in 
contrast to the image pixel number. The CPU time needed for the 
arithmetic operations is reduced. 
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