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DESIGNING THE SOFTWARE SYSTEM FOR RECOGNITION OF A HANDWRITTEN TEXT USING
A NEURAL NETWORK

THE WORK CONSIDERED THE PRINCIPLES OF WORK OF THE METHODS OF MACHINE
RECOGNITION OF HANDWRITTEN SYMBOLS. ONLINE AND OFFLINE RECOGNITION FEATURES
ARE ANALYZED. BASING ON THIS, THE DESIGN OF THE SOFTWARE SYSTEM FOR THE OFFLINE
RECOGNITION OF ENGLISH LANGUAGE SYMBOLS IS PERFORMED. TRAINING AND
CLASSIFICATION SUBSYSTEMS FORMALIZATION USING THE APPROPRIATE DIAGRAMS.

Introduction. Digitization of handwritten text is a problem that appeared several years ago and
remains relevant. The handwriting of different people varies greatly, so it is difficult to create a program that
can recognize any of the existing handwriting. In addition, many people write very illegibly, which is why
part of the letters merges and becomes incomprehensible in software processing. At the moment, the
achieved accuracy of handwriting recognition is lower than for printed text. To date, there is no software that
can recognize handwritten text with a 90-100% probability.

The aim of work. The aim of the work is the analysis and formalization of methods that provide
automatic recognition of handwritten text offline with high probability.

Research methods.

Handwriting recognition can occur offline and online. The offline mode provides for working with a
static image of the text, which can be obtained by one of the following images: 1) is entered by the user in
the software application itself using the graphical input cursor; 2) read from a graphic file; 3) obtained by
taking photos of paper media on which there is an image. Online mode provides for text recognition, which
is carried out in parallel with text input. Online recognition is used in interactive systems, while offline
recognition is used to recognize text, bank checks, recipient addresses on mail, signature confirmation. In
offline mode, there is no way to track the character-drawing process itself, so this task is more difficult than
online recognition.

Consider the following situations that arise when working with handwritten text: 1) the text is written
in a manner as close as possible to the printed text; 2) the text does not look like printed.

In the first case, it is possible to use standard utility programs for recognizing scanned text. A good
example of such programs is ABBYY FineReader Online. ABBYY FineReader has been supplying various
utilities for working with scanned text for over 10 years. The first programs did not work very well, but
modern algorithms make it possible to recognize 95-100% of scanned text in a familiar program language.
The utility works with the most popular languages of the planet.

In the second case, you can use programs that involve entering handwriting using a mouse, tablet, or
moving your finger across the screen, for example, MyScript Stylus. The program recognizes the text by the
technology used in the Personal Digital Assistant, and can be used where it is not possible to use a standard
keyboard or is difficult to use — for example, if the computer is used as a terminal for input/output of
information, such as a payment terminal. MyScript Stylus can be assigned to a specific program, and all
recognized text will be transmitted to it, as if the text was entered in a standard way. MyScript Stylus
supports 26 languages, however, it is chargeable, trial version is valid for 30 days. It is clear that the
development of a free native application that allows you to recognize handwritten text offline, would be
extremely useful.

The scope of handwriting recognition systems is very wide: 1) text identification; 2) recognition of
electronic signatures; 3) search for given graphic elements; 4) adjustment of elements; 5) analysis of the
psychological profile by the nature of the writing of handwritten elements, etc. Consider the main methods to
implement this functionality.

The standard process for offline recognition of handwritten texts is carried out in accordance with the
following scheme: 1) image preprocessing and highlighting areas of interest; 2) segmentation and
normalization of texts of areas of interest; 3) recognition of segmented texts by one or another method.

Many tasks of recognition of graphic objects in images can be reduced to recognition of figures - this is
a special case of pattern recognition. Existing methods for representing figures can be classified as follows:
these are methods based on the contour and methods based on the domain, spatial domain, and
transformation domain; information-preserving and information-non-preserving methods. Depending on the
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image processing method, approaches to the selection and presentation of figures are divided into one-
dimensional function, polygonal approximation, spatial interrelation feature, moments, scale-space methods,
shape transform domains [1]. However, the solution of such problems is not the subject of research in this
article.

Graphic images of symbols at the output of the scanner have the form of shapes (forms), which are
matrices of points that can be edited element by element. Consider the requirements that the image of
handwritten letters must satisfy: 1) the letters are darker relative to the background; 2) there are no other
graphic elements on the image except for the recognizable signature; 3) the letters should have
approximately the same size and orientation, and should also be written in a row.

Formally, the task of recognizing handwritten characters can be formulated as follows. It is required to
find the minimum discrepancy between the standard for each symbol and the current representation of the
image, presented as a set of features. According to the standard of the symbol, having minimum mismatch
with the current image, the recognized image of the symbol should be indexed. For recognition of “doubtful”
shapes, data on the result of recognition of neighboring elements in the text is used. In the simplest cases,
words are the context.

For the analysis and recognition of handwritten characters, whether it be ASCII characters or
characters from other code tables, two processes are required. The first process is to teach the system the
features of each of the characters that you want to recognize. The second process is to use information about
the set of symbols available in the system and compare the determination of whether it is possible to define a
new symbol as a specific element from a given set, or whether it does not belong to it at all. A quantitative
criterion for the successful completion of this stage is the probability value with which the new symbol is
recognized. At both of these stages, it is advisable to use a recurrent neural network. This is a type of neural
network where links between elements form a directed sequence. Thanks to this, it becomes possible to
process a series of events in time or sequential spatial chains. Unlike multi-layer perceptrons, recurrent
networks can use their internal memory to process sequences of arbitrary length. Therefore, RNN networks
are applicable in such tasks where something integral is divided into parts, including handwriting
recognition.

The process of training the system for subsequent recognition of handwritten characters includes: 1) a
training sample for each character received from a particular person or group of people depending on the task
being solved; 2) selection of the correct sets of characteristic features of the image; 3) the formation of global
parameters that provide information about the general case affecting the image structure; 4) the formation of
local parameters, providing general information about the shape of the symbol according to different criteria;
5) neural networks receive at the input sets of normalized input data that are located in arrays. These arrays
are usually called input vectors. The networks are then trained to produce the correct output on specific input
data sequences.

The handwriting character recognition process includes the following steps: 1) registering a new
character; 2) image processing; 3) the allocation of image features (structural features, characteristic features,
a mixed version); 4) image verification; 5) identification of the recognized character.

To increase productivity, neural networks, which include many layers and neurons in each layer with
initial weights, must be correctly designed.

The most commonly used algorithm for training multilayer direct propagation neural networks is the
back propagation algorithm. That is why such a neural network is often called a back-propagation network.
The network with the back propagation of errors is trained in a finite number of standards, i.e. pairs of
patterns that consist of source input value sets and desired output value sets.

As signs describing the shape of the curved lines with which the characters are represented, Bezier
curves can be used. Bezier curves are a particular type of third-order curves that require fewer parameters
(eight instead of eleven) for their description. The basis for constructing Bezier curves is the use of two
tangents drawn to the extreme points of a line segment. The curvature (shape) of the line is affected by the
slope and the length of the tangent line, the values of which can be controlled interactively by dragging their
end points. Thus, the tangents act as virtual levers, allowing you to control the shape of the curve. Bezier
curves are of particular importance for both vector and bitmap graphics. The appearance of Bezier curves
caused a real revolution in three-dimensional graphics. Due to the simplicity of the task and manipulation,
Bezier curves are widely used in computer graphics for modeling smooth lines [2].

Currently, Bezier curves are present in any modern graphics package. Also, most computer fonts
consist of Bezier curves. By segments of such a curve, an arbitrarily complex contour can be approximated.
In this case, it will consist of a set of Bezier curves. The flexibility in constructing and editing Bezier curves
is largely determined by the characteristics of the nodal points.
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Results and discussion. Using the recognition method using neural networks is distinguished by
higher efficiency and productivity, however, it requires either a large number of examples during training, or
the creation of special structures of the neural network that take into account the specifics of these tasks.

Data for the research are taken from the letters of the Latin alphabet, for each of which 8 to 12
characters are highlighted. Character values are quantitative values measured on a continuous scale. For each
character there are examples of inscriptions made by 15 people.

Before making the classification, the algorithm is trained on the training data set - the training sample.
Each row of such a selection contains: in fields designated as input — a set of input parameters; at the output
— the class designation corresponding to this set. The list of classes is set by the training data set during the
training of the neural network and cannot be changed / revised during the classification process.

Technically, training consists in finding weights — the coefficients of connections between neurons. In
the learning process, the neural network is able to identify complex relationships between input and output
parameters, as well as perform generalization. This means that in the case of successful training, the network
will be able to return the correct result based on data that were not in the training sample, as well as
incomplete and/or “noisy”, partially distorted data, which are certainly present in the handwritten text.

At the software design stage, concept class diagrams were created. In Fig. 1 is the diagram for the
learning subsystem. Since some operations for training classifiers were quite long in time, it was advisable to
use multithreaded algorithms. This is why it is advisable to place the parallel process manager on the
conceptual class diagram. In Fig. 2 is the diagram for the classification subsystem. Both diagrams were then
detailed to the program class diagram, after which programming was carried out. The software system is
currently in the testing phase.

Data Preparer Trainer Classification Ensemble

Thread controller Classifieriode

Figure 1 — Diagram of conceptual classes of the learning subsystem

Connector Classifierflode
View Classifier Classification Ensemble

Figure 2 — Diagram of conceptual classes of the classification subsystem

Conclusion. The paper analyzes the methods of handwriting recognition. The problems associated with
recognition, as well as the requirements for the original image of the symbol are considered. The design of a
handwritten English-language text recognition system based on a recurrent neural network has been
designed. System architecture details and programming have been carried out. It is planned to use such a
system as an instrument of analysis of the psychological profile by the nature of the writing of handwritten
elements
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