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CHAPTER 31

ARTIFICIAL NEURAL NETWORK FOR
IDENTIFICATION OF LARGE LETTERS OF THE
ALPHABET
BERK, P.; VINDIS, P.; LAKOTA, M.; OCEPEK, M. & RAKUN, J.
Abstract: One of the classical artificial neural network (ANN) applications is a
system for character recognition. This system is the basis for different types of
applications in various institutions, many applications are used in our everyday lives.
Therefore, in our application we decided for the synthesis of ANN through the use of
backpropagation method with adaptive learning rate and boot function. Character
recognition system we developed using Matlab 2008b software tool. Each letter of the
alphabet were presented with an array of dimensions [20x20] in the system and
created a neural network algorithm is a matrix with a binary input code size [20x20].
The result of processing ANN is a useful way of logical value 1, for successfully
recognized symbol (letter X).
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1. Introduction
System with ANN is the basis for applications in institutions such as post
offices, banks, security systems employment of robots (Abhijit et al., 1995). The
review of checks, eye check at the entrance to the airport, when we teach a robot to
pick up the item and then use the application for character recognition using neural
networks (Sing, 2002). Savings are in cost and in less time spent on individual work.
The area which covers the identification of signs is called optical character
recognition (Optical Character Recognition – OCR). The OCR application is these
days used in banks, post offices, airports, business, agriculture (Stajnko et al., 2004).
Readers should address sorting incoming and outgoing mail, reader checks in banks
find similar checks, airline tickets and passport readers are used for various purposes
such as finding the passenger's property, when checking the database in the reader
through the required reading on 5800 models hour. OCR software is used in
identifying and faxing, which allows the user to return to the graphic image of text
document recognition. Identification of the eye, face, and handwriting is used in high
security units. In many different areas this equipment has been started to use (Vindis
et al, 2010). With the robotic device transparent we can read errors in the system,
discover the edges, shapes and colours (Berk et al., 2010).
Optical system used for identifying is still a relatively unexplored field
(Handwritten Recognition), which is based on simple character recognition system
(Sadaoki, 2000). New ideas in computer industry, such as Microsoft Tablet PC is, a
pen-based computation instead of a longer computational run-recognition system,
which runs in the background instead if the real time.
2. Artificial neural network architecture using software and hardware
components
ANN architecture (Figure 1) is based on the principle of the input matrix,
consisting of 400 elements and 26 input neurons in the output layer to identify the
characters (letters of the alphabet). ANN is composed of two layers (hidden layer,
output layer). Log-sigmoid transfer function was chosen because it is obtained at the
output of this function the value 0 to 1 and is handy for learning the output logical
values (Abhijit et al., 1995). The hidden (first) layer is composed of 10 neurons. This
number was chosen taking the guesswork and experience, in the event of a
significant number of neurons in the hidden layer is a software package fault (not
enough storage space in Matlab). If the ANN has difficulty in learning, we increase
the number of neurons in the hidden layer.
A ANN has learned so that the output of networks represents a logical value of
the correct classification of the output vector, while all other vectors at the output of
ANN are set to a logical 0. In case of garbled characters (noise), the output of the
ANN did not get the exact value of 1 or 0. After the ANN learned to recognize the
character (letter X), we get the output of ANN as a logical value in the output vector
of matrix [26x1].
Using this logic, we ensure that the network output matches the selected
symbol (X), like this would happen in case of input noise vector. The result of
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processing ANN is a useful way of logical value 1 for each recognized character, and
all other elements in the matrix [26x1] take a value of 0.

Fig. 1. ANN architecture
2.1 Hardware
Hardware consists of the HP Compaq 6830s Notebook NA779ES. A HP 6830s
Laptop has a 3 GB DDR2 800 MHz memory, expandable to 8 GB. Hard Drive has
capacity of 320 GB, supports SMART SATA bus, communicates and operates plants
in 5400 in a minute.
2.2 Software Matlab 2008b
Matlab is a software package designed to numerical calculations, such as
arithmetic operations vectors, difference equations and presentation of results. For
such extensive use Matlab has got available libraries, through which we can come to
more knowledge in the areas of neural network and designing filters. By entering
commands in Matlab's workspace the programmer can directly input command
through the command line in the command window or it can be commanded by
entering into a separate file with the extension *.m. By recording command in the
Command window or in a file the implementation can be repeated without reentering. Matlab's functions are easily completed by a user through the Matlab
programming language. The basic program structure is a matrix. In the Matlab
program it is necessary to define variables and to reserve space in a memory.
Effective programming in Matlab is achieved by pre-booking of memory and using
commands with a dot (operate on the matrix components) and avoid use for loops.
3. Recognition letter system (methods)
We have created character recognition system through the simple steps in the
software package Matlab. Each letter of the alphabet was presented with a character
array of size [20x20], in the system of ANN.
Character array is composed of black and white pixels, a vector of logical value
of 1 represents a black colour, a vector of logical value 0 and white. The vector we
have constructed is shown in Figure 2 below.
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Fig. 2. Character array
In a system for character recognition, we first made patterns of characters, with
Adobe PDF and imported it into the MATLAB software package (Figure 2). We
decided that we will make a system to identify large letters. The first problem that
occurred was that an array size of the imported symbol was too big. In the case of
over-sized array, we should take into account the fact that the PC processor speed
increased every year for three times the value, we have the problem of a lack of CPU
power to operate the system in real time. Studying ANN can take days and to find the
final result may take hours and hours. Therefore, we chose a character array of size
[20x20] pixels.
A ANN (Figure 1) receives its input 400 value (logic value 0 or 1) as the input
vector with a matrix size [400 x 1]. From neural network algorithm is then required to
identify the character (letter) of the output value of the vector with 26 elements.
Output vector, which consists of 26 elements, each represents a character (letter) in
the alphabet. For the proper functioning of the algorithm, neural network takes the
output logical value 1, where it is perceived the correct character (letter). All other
values of the output vector take a logical value 0. A network works well if the input
character (input vector) flawed, in practice very often we have the case that a sign is a
little distorted (containing noise).
3.1 Setting the weights of the ANN
In our case we have an ANN with two weights; weight in the hidden layer and
weights in the output layer (Figure 1). These weights represent the memory of neural
networks, where end-trained weights are used when the network is in operation
(Abhijit et al., 1995). Initial weights generate at random, then, the updated weights
serve as an error (difference) between the actual output value of network and desired
(target) output.
In the case of the occurrence of updating the weights at each repetition, the
neural network then learns, because the repetition updates values of the weights are
going for so long, until a minimum error network. First we were defining the notion
of the samples stored in shaped, and consist of binary values 0 and 1. The added
layers of weights can be increased, but the added layer is then impossible to be used.
The received input from the left side of each incoming and reciprocal links is
associated with weight (wji). Perceived procedural execution is the sum of input
values which are given in the equation below:
(1)
404

DAAAM INTERNATIONAL SCIENTIFIC BOOK 2011

pp. 401-408

CHAPTER 31

Where:
Oi
- output layer neurons
Wi - weights
United weights each time the connection is adjusted during the learning ANN
after completing the learning network weights occupy a fixed value from 0 to 1.
Below is given an array with the values of the weights that corresponds to each of the
connection. This matrix is represented by a matrix of dimensions [20 x 20], Figure 3,
each cell of the matrix has different values from 0 to 1 and is used in various layers of
ANN.

Fig. 3. Character matrix [20 x 20] with the values of weights from 0 to 1
3.2 Learning ANN
To make an ANN which will recognize the characters is not perfect, but
contains noise, we learned network with ideal data and the data that contains noise.
To do this, we first learn network with an ideal input data, until the minimum
allowable deviations from the ideal value, in our case is the ideal value of 1. Then
ANN learns both, the ideal input data and the data noise. A network learns in two
directions, network learns the ideal input data, while the neural network learns the
data 2 consists of a noise (Figure 8). Two-way learning ability of neural networks
maintain an ideal distribution of the input vector (a matrix of 400 x 1). Full learning
with neural network is done through the use of backpropagation method with
adaptive learning rate and start-up function, which we used in the software package
Matlab 2008b and called trainbpx (Charalambous, 1992).
3.3 Initializing the input and output signal
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The input signal is initialized when it appears on the entrance sign of ANN
(pattern with the letter, in this case of a matrix of size [400 x 1], with binary values
from 0 to 1), each input device at the entrance network model corresponds to the
letter of the alphabet and each unit takes a certain amount of input. Each output of
hidden neuron is then calculated using the sigmoid function. Sigmoid function
equation is:
(2)
Where:
Oi
- output layer neurons
Wi - weights
a.) Input layer (i)
Input layer consists of 26 inputs, which are stored in the file (DAT). The input layer
neurons = output layer neuron (Ii = Oi).
b.) Hidden layer (h)
Input hidden layer is given by the equation:
(3)
Where:
Oi
- output layer neurons
Wki - weights
where we take values on our entrance to the equation:
(4)
Where:
A
- input matrix
I
- array of hidden layer
S
- matrix of the sigmoid function (Figure 4)

406

DAAAM INTERNATIONAL SCIENTIFIC BOOK 2011

pp. 401-408

CHAPTER 31

Fig. 4. An array of sigmoid function
Output of hidden layer is calculated by the equation:
(5)
Where:
Ih
- final value
4. Results
Reliability of ANN were determined by testing neural network with some 100
elements of the input vector by varying noise. ANN was tested using a script file
appcr1.mv (software package Matlab 2008b), at different levels of noise, the result is
presented in a graph showing the deviation in % for the neural network 1 (ideal sign
at the entrance) and neural network 2 (the ideal character add noise at the input neural
network), Figure 8. For noise, we predict a constant value in the range of 0.05 to 0.5,
these values we then add to the signal at the entrance of a network. At each noise
level were made 10 different presentations noisy versions of each character and for
all these versions were calculated using a script file appcr1.m (software package
Matlab 2008b). Output ANN has had to match the correlation transfer function,
which provides that only one of 26 outputs (letter A - X) of networks reach a logical
value of 1. In our case, we learned network at different levels of noise vector, where
we forced neural network to this, that has learned to act with regard to noise, where
an obvious problem in the real world. Figure 5, 6 and 7 below show the results of the
identification of ideal characters X and character X with noise, using artificial neural
networks.

Fig. 5. Ideal character,
input of ANN

Fig. 6. Character with
noise, input of ANN

Fig. 7: Recognition
character, output of ANN
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Fig. 8. Deviation in % of input noise level, the neural network 1 and 2
5. Conclusions
Example applications of ANN (recognition characters), shows how you can
construct a simple sample application for character recognition. ANN is taught in our
case a few times at different values of the input vector. The disadvantage of networks
is that they do not have a mechanism through which these solutions could be
explained. Therefore, they are less suitable for use in deciding successful when used
to identify patterns. In the future we want to do with the help of ANN identification
forms of maize from the image, using the identified model could then activate the
actuators for selective coating product.
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