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ON THE FEATURES OF METHODS OF PROCESSING
AND RECOGNITION OF HANDWRITTEN TEXT

Tvoroshenko Iryna,
Ph.D., Associate Professor
Kharkiv National University of Radio Electronics

Bielinskyi Yaroslav,
Master in informatics
Kharkiv National University of Radio Electronics

Today, handwritten text remains a means of communication and information
gathering in our daily life, despite the rapid development of information technology [1-
5]. Many archival documents are still stored in a paper format inaccessible to all.
Techniques for converting images into digital text have evolved at an extremely fast
pace lately. An example of this is printed text recognition systems, which have become
quite effective today [6, 7]. However, the available technologies are still at a limited
level to recognize text images of various styles and languages of handwriting.

Handwriting recognition usually consists of the following steps:

— Image pre-processing [8];

— Segmentation and normalization [9];

— Construction of signs [10];

— Classification [11];

— Processing of results [12].

At the stage of image pre-processing, such methods as filtering, noise absorption
and others are used, their purpose is to improve the image quality [13]. To date, the
task of handwriting recognition is insufficiently solved. Improving the quality of the
Image when recognizing handwritten text is extremely important, because the better
the image quality, the more convenient it will be to work with it in the next stages of
processing.

Improving image quality includes converting the image to grayscale, removing
Image defects, and separating text from the background [14].

To simplify further work with the image, the image is converted to grayscale.
A brightness value is calculated for each individual pixel, which is measured in the
range from O to 255. Black corresponds to O brightness level, and white — 255
brightness level.

| =0.299R +0.587 G + 0.114 B, (1)

where R, G, B are the values of the red, green and blue channels, respectively.

Defects are removed by standard image processing methods. The most commonly
used to remove noise is a Gaussian filter to suppress high-frequency noise and a median
filter to remove noise “salt and pepper”. A promising filter is a filter based on wavelet
transform. You can use the Gaussian function to construct a convolution matrix that
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helps you calculate the weighted average of neighboring pixels for each pixel in the
image [15].

Thus, by using a Gaussian filter, the noise will be suppressed, because all the noisy
pixels (the brightness of which is very different from the brightness of neighboring
pixels) will take an average value, resulting in the contours of objects will be
emphasized, which has a positive effect on image recognition (handwritten text) on
digital images.

The median filter is based on the concept of median. The most common way to
implement this filter is to organize the pixel brightness values using an odd-radius
window and then replace the pixel brightness values with the median of the set.

Since the image can be represented as a discrete signal, it is possible to use filters
based on frequency division in the discrete region. Wavelet analysis is a very promising
way to analyze data. The signal can be represented as follows:

s(t) = f(t) + oe(t), (2)

where f(t) — useful signal,
e(t) — noise;
o — noise level;
s(t) — the signal under research.

Accordingly, the wavelet transform allows you to remove noise in 4 steps:

— Decomposition of the signal on the basis of wavelets;

— Selection of the noise threshold for each of the decomposition levels;

— Threshold filtering of detail coefficients;

— Restoration of the signal.

This method of filtering works best on smooth signals, i.e. on signals in the
decomposition of which only a small number of detail factors differ significantly from
zero. The selection of the wavelet and the depth of decomposition depend on the
properties of the object being filtered by the signal. Criteria that minimize the quadratic
loss function for the selected noise model are used to select the noise threshold. These
filters are used less often than the median, because wavelets lead to additional
parameterization of the program and slowdown, because you need to calculate
additional data sets.

Separating text from the background is a special case of selecting an object in an
image. The problem is to get a binary image B from the image of text A, such that

11 P(I’ J) ETA;

B(. J) :{0, PG, ) 2T, ®)

where P(i, j) — pixel (i, J);
T, — text on the image A.
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This transformation allows you to further use the analysis of connecting
components, contours, skeletons. The most commonly used method of separating text
from the background — threshold binarization.

Let the image be given, I(i, j) — pixel brightness with coordinates (i, j). Threshold

Image binarization is called pixel-by-pixel conversion:

LG ) 2d,
ta, J)_{o, G, j) < d, @

where d is called the binarization threshold.

Usually, the histogram of the brightness of the text image shows two peaks: a high
peak in the area of light pixels, which corresponds to the background, and a lower peak
in the area of dark pixels, which corresponds to the text. Thus, the task of finding the
threshold value of brightness, i.e. such that pixels with a brightness above this value
(background) will be considered black, and below (text) — white (such “inversion” of
color is done to simplify the application of many methods in the future), is the task of
finding the optimal value between the two peaks of the histogram. To solve this
problem, there is the method of Otsu and its variations.

In the Otsu method, the brightness range [0; L] the image is divided into two parts
by the limit value T. The essence of the algorithm is to minimize the intraclass variance,
which is defined as the weighted sum of the variances of the two classes. In the Otsu
method, the minimization of intraclass variance is equivalent to the maximization of
interclass variance, which is calculated as follows:

Ut? =a)1602(y1—y2)2, (5)

where o, — interclass variance;
@, and w, — probabilities of the first and second classes;
4, and u, — the arithmetic mean of each of the classes.

The disadvantage of this method is the sensitivity to uneven light. To solve this
problem, usually obtain a lighting component by low-pass filtering G image using a
Gaussian filter.

Another disadvantage of the Otsu method is the adhesion of adjacent areas, which
can affect the further processing and recognition of the image. Therefore, there is a
method of adaptive binarization, which also allows you to solve the problem of light
difference.

As mentioned earlier, handwriting recognition is an important issue. At the
moment, small recognition accuracy is obtained. Better performance can only be
achieved using contextual and grammatical information. For example, in the process
of recognition, it is easier to look for whole words in a dictionary than to try to analyze
individual characters from the text. Knowledge of the grammar of the language can
help determine whether a word is a verb or a noun. The forms of individual handwritten
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characters may sometimes not contain enough information to accurately recognize the
entire handwritten text.

Methods of automatic image recognition and their implementation in optical
reading systems (OCR-systems) one of the most advanced technologies of artificial
intelligence.

OCR refers to the automatic recognition of images of printed or handwritten text
characters using special programs, such as input to a computer using a scanner, and
converting it to a format suitable for processing by word processors, word processors,
etc. OCR is sometimes understood as a device for optical character recognition or
automatic text reading. Currently, such devices in industrial use process up to 100 000
documents per day. The introduction of good and medium quality documents is
envisaged — for example, census forms, tax returns, statistical accounting. OCR
handwriting recognition technology is used for large databases, with the level of
transcription accuracy increasing every day, and it is already close to ideal (100%).

Recognition systems are implemented in the form of classifiers that use different
methods: template (raster), feature, structural.

When using template methods of character recognition, the scanned image is
translated into raster (current), and then it is compared with the reference templates
that were generated in the database. The criterion for choosing a template is the smallest
number of points other than the studied image. The template for each class is obtained
by averaging the image of the symbols of the educational sample. The advantage of
template methods is the high accuracy of defective character recognition. The main
disadvantage is the dependence on the font that occurs in the image. The font must be
known in advance; otherwise it will be impossible to correctly recognize the studied
symbol.

Sign methods are the most common. The analysis in them is based on the fact that
the image is matched to the N-dimensional vector of features. Recognition is to
compare it with a set of reference vectors of the same dimension. The quality of
recognition depends on the types of features and their quantities. The formation of the
vector is carried out during the analysis of the prepared image; the standard for each
class is obtained in a similar way of processing symbols from the training sample. The
main advantages of this group are ease of implementation, good generalization,
resistance to changes in character shape and speed. Among the disadvantages of these
methods is instability to image defects, loss of information about the symbol at the
stage of obtaining signs, the lack of clearly defined rules for the formation of signs.

Structural methods of recognition use information not about the spelling of the
symbol, but about its topology — the relative position of the individual components of
the symbol. The advantages of these methods include independence in font types and
sizes.

The main problem of topological methods is the identification of signs that have
defects (for example, line rupture or merging of adjacent lines), as well as low speed.

Along with other methods, methods that do not require prior segmentation, such as
hierarchical hidden Markov models and convolutional neural networks have become
relevant. With the advent of a new wave of popularity of neural network classifiers,
they have become more commonly used in text recognition research. The main
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advantage of using neural network technologies is good generalization ability, the
ability to use contextual analysis and recognize symbols based on the surrounding
symbols.

The simplest recognition algorithm is segmentation, recognition of each part.
However, this method does not work effectively. It does not correct segmentation
errors and is only adequate in recognizing a random sequence of independent well-
separated objects. Therefore, to solve this problem, various stochastic grammars and
the corresponding probabilistic methods are used, among which we can specify the
following:

— Hidden Markov model;

— Graph recognition.

Accordingly, today there is a great demand for digital storage of textual
information, which is placed in printed, graphic or handwritten documents, for further
processing, editing and analysis [16-19]. The development of digitization and scanning
tools has led to the active use of methods for detecting and recognizing objects in
Images. This is due to the development of optical character recognition systems that
allow you to automatically analyze printed or handwritten documents and prepare text
data in editable formats for processing.

Thus, promising areas of further research are the study of applied capabilities of
methods in the recognition of handwritten documents.
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