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ABSTRACT

The paper describes the basic ideas and methodele sub problems such as Sellisele algorithmyréle
network structures, Invariant numbers and their iffeadions used in modern recognition systems. firfan objective of

the research is the development of software coraglekrecognition of text data on the basis of fjersgorithms.
KEYWORDS: Neural Network, Sellisele Algorithm, Recognitionogk, OCR

INTRODUCTION

The task of recognition of textual informationtire translation of printed and handwritten textintachine code
is an essential part of projects aimed at automaifahe document flow. However, this task is oféhe most complex
and high-tech in the field of automatic image asiglyEven the person reading handwritten text, rdea from context,
makes an average of 4% error. With regard to regdiinted documents, the difficulty lies in the tfdbat in critical
applications, such as, for example, automatiorhefihput of the passport and visa information, yeed to ensure the

highest reliability of recognition (more than 98%peven in poor quality printing and digitizing thle source text.

In recent decades, through the use of modern\asmients of computer technologies, we developedmetihods
of image processing and pattern recognition, makKipgssible to create such systems for recognidbprinted text that
satisfies the basic requirements of workflow systeHowever, the creation of each new applicatiothis area remains a
creative task and requires further research in ection with specific requirements for resolutiopeed, reliability,
recognition, and memory that characterize eacliquéat task the development of problem-orientedesys of automatic

input of paper documents.

The various technologies grouped under the Geteral "character recognition”, divided into recagmi in real-

time and recognition in batch mode, each of whigh its own hardware and its own recognition alparg.

In a typical optical character recognition systé@CR), the characters are read and digitized byoptical
scanner. Thereafter, each symbol is subjecteddalifation and separation, and the resulting masrisubjected to the
preprocessing, i.e. smoothing, filtering, and ndimatgion. The result of preprocessing singles characteristic features,

followed by classification.
STATEMENT OF THE TASK

Identification task of textual information wheramslating printed and handwritten text into mactdiode is one
of the most important components of projects, aiethe automation of document circulation. Howeteis task is one
of the most complex and high-tech in the field ofcanatic image analysis. Even person who read flandwriting, in

isolation from the context makes an average of 4%rmrs. As far as the reading of printed docursettite difficulty lies
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in the fact that in critical applications, suchagomation of input of the passport and visa infation, it is necessary to

ensure high reliability of recognition (over 98-9pétven in poor print quality and digitization oftBource text.

In recent decades, thanks to the use of moderie\ahents of computer technologies were developad n
methods of image processing and pattern recogniitiat made possible the creation of such systeewmgnize printed
text, which would satisfy the essential requirersasftsystems of automation of document circulatldowever, creation
of each new application in this area remains atimeetask and requires additional research in cotiore with the specific
requirements of the resolution, performance, atidhiéity of recognition and the amount of memohat characterize
each specific task to develop problem-orientedesystof automatic input of paper documentation.ddéht technologies,
under the general term "recognition”, are dividatb irecognition in real time and recognition in dimtmode, each

characterized by its own hardware and self-recagnélgorithms.

In typical optical character recognition (OCR) ta@fre input characters are read and digitized byojtical
scanner. After that, each character undergoesizatian and allocation, and the resulting matrixpigtreatment, i.e.,
smoothing, filtering and normalization. Result eéprocessing of the characteristic signs, followgdhe classification.
The work describes the basic ideas and methodslve these subtasks, as well as their modificatiossed in modern

systems of recognition.
MAIN PART

Theory of machine vision there is not the firsy,dan this in the reference one can find plentapproaches and

solutions. For a start, here are some of them:
Sellisele Algorithm

It is a method of recognition single binary imadessed on the build skeletons of these imageghandelection
of the skeletons of edges and nodes. Next on tieahribs, their number and the number of nodesanstructed a table
of figures. For instance, the skeleton of a ciwilk be one node, the skeleton U - three ribs amol hodes and edges are
like 2:2:1. In programming, this method has sevprasible implementations; more information onriethod of skeletal

can be found below in the references section.
Neural Network Structures

This area was very popular in the ' 60s and ' irOspnsequence of interest to them slightly distied, since a
considerable number of neurons requires considemdrhputing power that are not normally presera simple mobile
platforms. However, we must bear in mind that neoeiworks are sometimes give very interesting Itesdue to its
nonlinear patterns, moreover some of the neuralarétis able to recognize the images are invansuder the rotation of
a preprocessing. For example, network-based nedomgrable to allocate some characteristic featofgbe images, and

to recognize them as if the images have not bggreth
Invariant Numbers

The geometry of the image it is possible to allecgome numbers that are invariant to the sizeratadion of
images, then you can make the table of confornfith@se numbers to a specific way (almost as ioratym of skeletal).
Examples of invariant numbers - Euler number, etcimgty, orientation (in the sense of the locatwfrthe principal axis of

inertia about something too invariant).
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Point Wise Percentage Comparison with the Standard

There must be some pretreatment to obtain invegiaelative size and position, then a comparisanade with

the prepared base of standards images - if a madech than a mark, then believe the image is detecte

There are a number of significant problems assediwith the recognition of handwritten and printkdiracters.

The most important of them are the following:
» the diversity of the glyph;
» distortion of images;
» Variations of size and scale of the characters.

Each individual character can be written in digfer default fonts, for example: (Gothic, Elite, @eu, Orator),
special fonts used in OCR systems, as well as manystandard fonts. In addition, different symbods have similar
shapes. For example, 'U and 'V, 'S'and '5', '@"2n'G' and ‘6’

Distortion of digital images of characters carobéhe following types:

Distortion: the disruption of rows, not impregnated characterdation of separate points, non-planar natdire o
the information media (for example, the effect wftaktion), offset characters or parts thereoftiedato the location in the

string; rotation with the change in the slope ddrettters; gross increment the digitization of insage

Besides, it is necessary to allocate radiometratodion: defects of lighting, shadows, reflecspruneven

background error when scanning or when shootinigeovcamera.

Significant is the effect of the original scalénping. In the accepted terminology scale of 100t27 means that
in inches placed 10, 12 or 17 characters. Thusgample, character 10 scales usually larger addnthan the character

of scale 12.

In addition to these problems, an optical charasteognition (OCR), you must select the image teas, to
select individual characters, to recognize thesgatters and must be insensitive to the way oftipgn(layout), and the
distance between rows.

As arule, OCR system consists of several umtglving hardware or software implementation:
e optical scanner;
* localization block and highlight the elements d&f tbxt;
* images preprocessing block;
» signs allocation block;
* recoghnition block;
» Recognition results post-processing block.
As a result of work of an optical scanner soueosg is entered into the computer as grayscaler@rpiimage.

In order to save memory and reduce expenses effominformation processing, OCR systems typicafplied
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converting a grayscale image to black and whités Diperation is called a binarization. Howevershibuld be borne in

mind that the operation of the binarization canll&aa loss of efficiency of recognition.

Software in OCR systems is responsible for présgmtata in digital form and split coherent textsindividual

characters.

After splitting the characters presented in thenfof binary matrices, are smoothing, filteringelaminate noise,
the normalization of size, as well as other reforantied at highlighting the characteristics usedssghently for

recognition.

Character recognition is the process of compatiegselected characteristic features with refersigmes selected

in the statistical analysis of the results obtaimethe process of training system.

Thus, the meaning or context information can kexdusr the resolution of uncertainties that ariseeicognition

of symbols, having identical sizes, and for theuatipent of words and phrases in general.

For the classification of characters, you mugt fireate library of standard eigenvectors. Tohig it the stage
of training, the operator or the developer entate the system OCR large number of samples of Byehg For each
sample, the system allocates signs and stores theancorresponding vector of characteristics. A aketectors of

characteristics that describe the character ctasallied a cluster.

During operation of the system OCR may need tcapdpthe knowledge base. To realize this purposegso
systems have the ability to study in real time. ldoer, the learning process requires human inteiorergnd time-
consuming, though research is aimed at automafidheoprocess of learning, which in future will@dt minimizing the
participation of the human operator. The task afsification is the definition of the class thatnswhe attribute vector

obtained for a given character.

Classification algorithms based on the determimatf the degree of closeness of a set of signsactea to be
examined each of the classes. The credibility efrésult depends on the metric space of charaatsri©ne of the most

important metrics is the Euclidean distance:

DjE :\/i(FijL - FiL)2 ,

i=1
Where FijL - i-th sign of j-th standard (etalon) vectd?;L - i-th sign of testing image symbol.

One technique that can improve similarity metraséd on the use of the genetic algorithm. To sthieeset of
problems and a search for new optimization algorthProposed quite recently - in 1975 — by Johnlafd| genetic
algorithms (GA) is based on the principles of naltgelection including Darwin. GA belongs to stostiamethods. These
algorithms have been successfully used in varimldsf of activity (Economics, physics, engineeriniences, and so on).
Created various modifications HA and developed almer of test functions. Considered how work GA, armht issues

remain unresolved - the purpose of this work.

Genetic algorithms belong to the field of soft gting. The term "soft computing” was introduced Lmtfi

Zadeh in 1994 [1]. This concept unites areas sscluzzy logic, neural networks, probabilistic regisg, trust networks
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and evolutionary algorithms, which complement eatitter and are used in different combinations oasaply for the
development of hybrid intelligent systems. Thetfasheme of genetic algorithm was proposed in E8%Be University of
Michigan's John Holland (John Holland) [2], and theerequisites for this was works of Ch.Darwin [8heory of

evolution) and research L. J.Fogel, A.J. Owensj.Molsh [4] on the evolution of the simple maatsn foretelling the
characters in the numeric sequence (1966). A ngaritthm called "reproductive plan of Holland" araddr actively used
as a basic algorithm in evolutionary computatiohe Tidea of Holland has developed his disciples K&niDe Jong
(Kenneth De Jong) from George Mason University ¢Viia), [5] and David Goldberg (David E. Goldberfgdm the

laboratory GA of Illinois [6]. Thanks to them, waseated classic HA described all operators andesduttie behavior of a
group of test functions (which algorithm Goldbengdagot the name of "genetic algorithm"). Genetigoathms are
adaptive search methods, which are used to soltimiaption problems. They use as an analogue ofrteehanism of
genetic inheritance and similar natural selectibimnis preserves the biological terminology in a difigd form and the

basic concepts of linear algebra.

In the classification process to more reliablasigiven higher priority

N

Df :\/Zvvi(FijL -F")? -~ min
i=1

Where w - the weight of the i-th sign.

Reformulate optimization task as the task of fiigdihe minimum of a functioE)jE that calls fitness function. It

must take nonnegative values on a limited scopé¢h@bowe could for each individual to assume itisefés, which cannot
be negative), however, did not require the contynaind differentiability.

Each parameter is the function of adaptation é®dad by a string of bits.
Individual will be called a string that is the oatenation of strings ordered set of parameters:
1010 10110 101 ... 10101
[F1| F2 | F3 |...] FN |
Step of the Algorithm Consists of Three Phases
» Generation of intermediate populations (intermedgeneration) through selection of the current gaiw.

« Recombination of individuals of intermediate popigias bycrossover (crossover), which leads to the formation
of a new generation.

Pre-defined value f°— the probability of crossing-over and put the I5@X two-state "run”, "not to do". Original

state FG "not to do". When performing crossoversegiantly reviewed the loci selected pairs of chweames. With
probability R "the box" FG state is run. If FG passed into ttages"run", that is the exchange of genes betwegairaof
chromosomes in the current locus, hereinafter flag™ has a status of "not run", and then it mowethe next locus.

e Mutation of the new generation.

Mutation algorithm is implemented as follows.
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Consistently selected chromosomes from the cupeptilation. Within the selected chromosomes ctersily
viewed genes. After navigating to another gene W@ probability R, state is run. If FG passed into the state "rumgnt
randomly gene gtakes one of the values in a given range, withetteeption of the value gene has before mutati@xt N

FG enters the state of "not run" and selects tie gene, chromosome, or the next chromosome.

Such process of evolution, generally speaking,cmartinue indefinitely. Criterion stop can serveaaset number

of generations oconvergence of population.

Convergence is called the state of the populatidren all the strings of the population are in #nea of some
extreme and almost the same. That is a crossoaetigally does not change the population, and rimgandividuals tend

to die out, as less adapted. Thus, the convergartbe population means that reached the decisictose to optimal.

Was written program which partially implements beesic units of automatic recognition of letters

Tanish Tanish

Matrini tozalash Matrini tozalash

Tasvimi tozalash Tasvimi tozalash

Tarilgan matr Tanilgan matn

0 u

Haolati: Beli tarildi: “0" Halati: Belgi tanildi: 1"

Figure 1: Recognition of Handwritten Letters

CONCLUSIONS

Thus, at present, the development and applicatiogenetic algorithms is intensively developingedtion.
Thanks to the versatility of the computational sokeparallel implementation of stability to noigenetic algorithms are
successful practical application while solving céempnonlinear multidimensional optimization taskilike traditional
methods of multi-criteria optimization, many of whiare often characterized by a sharp increase utatmmal costs as
the number of variable parameters, genetic algosthave proven themselves in the large-scale t&sksently, they are

widely used for a wide range of practical tasksl #ieir use is constantly expanding.
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