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Let's consider GSM modules on J2ME. Java ME (J2MEa powerful built-in platform intended for
mobile devices and security systems. It allows agp®y functionality of GSM modules. Its advantages the
following:

— high level of safety and security of the systenpading to certificates of X.509;

—  built-in debugging facilities;

— high stability, lack of system resets;

— means of difficulty of perception of a code.

Developers can build in the GSM module appendiaeghe JAVA platform with several peripheral
interfaces [6].

In summary let's mention some of the problems whielelopers of security systems should solve to
increase reliability and to reduce unauthorizedcasdo the protected perimeter. Further developwfesgcurity
systems (including the studied A6-04 system) nemdse modern and functional element base. Then full
microprocessor information processing will be phoissilt, in turn, will allow using more modern atijbms of
signal processing.

One more important moment is energy consumptioniatiah. A big problem for security systems is
autonomy, i.e. independence of power supplies fteicessary to look for alternative sources ofteéteenergy
more carefully. It is necessary to avoid the bneg&iconnected with loss of electric energy fronevork.
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PAYMENT RECEIPTSIMAGE PROCESSING FOR DATA INPUT AUTOMATION
WITH MOBILE DEVICES

EDWARD MIKHAILOV, RYKHARD BOHUSH
Polotsk State University, Belarus

In this paper we propose an approach for payment receipts image processing obtained from the camera
mobile devices. The main steps of the algorithm and the experimental results are presented.

Modern specialized optical character recognitiolitemms (OCR), developed by ABBYY or Nuance allow
organizing complex optical input of financial docemts with the help of special scanners or ordiagpliances for
making digital images (such as a home scannemareaetc.). Despite the fact that all financiatifnons try to get
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rid of paper document flow, using barcoding systamd distant client service, for observance oftiregicy while
working with clients it is still necessary to reflessome information in papers (checks, invoiceg.€fhat’'s why the
development of OCR systems based on using embeddbide device cameras is important for optical tnph
financial information by a client. Images obtailadembedded mobile device cameras have a rangamfrés: a
high level of noise, low sharpness, inaccuracyaflar rendition and others.

As a rule, at the stage of obtaining full receiptage, we get a low quality image, which can’t be
processed automatically. So it is reasonable taiokd receipt image by its fragments. At this stagecan
check image quality using methods of prior quatkst [1].

Images obtained by mobile phone camera are ustedhived in case of poor lighting. For making the
acceptable image brightness, one can raise maihik $ensitivity which leads to the appearance rajhiness
and chromatic noise on the image. The absenceffi€isnt illuminance of the paper document and shnap
conditions, specific to the mobile device (tremfliof a camera, etc.) do the image smoothed ancctovirast.
To be saved, an image is compressed by algorithithsdata lossy (for example JPEG), that often leaddhe
appearance of artifacts. One more feature of mahikges is the appearance of geometrical and peigpe
distortions. The source fragment of the documesh@wn in Picture 1.

Prior image processing is aimed at image qualitpromement and contains noise filtering, increase of
sharpness and image contrast, alignment and céordosthe format used by the system. For the ggion of
uneven lighting during mobile shooting, and also fiee normalization of the illuminance local levele
algorithm of SSR (SingleScaleRetinex) [2] is used:

R(x,y)=logl; (x,y)-log[F. (x,y)*I, (x,y)]

where R (x,y) — output image], (x,y) — source imageF, (x,y) — Gauss function.

The method based on the use of Bezier patch [3]sed to eliminate geometrical and perspective
distortions. It takes into account implementationnaobile devices and provides the high speed ofatioe and
simplicity.

For adaptive binarization it is recommended to pppbdified, robastny to noise, Christian's algarith
The example of the algorithm applying for the imagewn in fig.1 is given in fig. 2. The binarizatithreshold
(T) for the sliding window is calculated as [4]:

T=(@-0,)*p+o,*| —* —|v|+o(*|v|j
@-a)*pu+a [& [u-M]

Y Y
wherea, = kl*[%j , a, = kz*(%) , ki and k; — positive constants, at= 2,k; and k;, is recommended to be
in ranges 0.1 — 0.2, 0.15 - 0.25 and 0.01 — 0.05;

0 — mean squared deviation of brightness in thergiiedow;

R, — maximum of mean squared deviation in the giverdow;
K1 — mathematical expectation of brightness in themiwindow;
M — minimum brightness in the given window.

Fig. 1. Receipt image fragment, obtained with endeeldnobile device camera
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Fig. 2. Example of receipt fragment adaptive biretion with Christian's algorithm

Then automatic image fragments patching from alrgadcessed parts is applied by comparison of SIFT
descriptors (Scale Invariant Feature Transform:TSk one of the most effective characteristic poisearch
algorithms on two or more images, it is invariantrhage scale and brightness changes, and isatlser isteady
against foreshortening changes [5]. As a resulilgbrithm the set of special points on each cowoflenages
with a set of the descriptors turns out. Thesetpaine compared in pairs on adjacent images amesifriptors
of two selected points match in repartitions of gineen accuracy, two points are accepted as thpigate. It is
possible to read that these points were receivedpmejection of the same three-dimensional pairthé planes
of two cameras. The example of operation of algorits shown in fig. 3.

Markers separation and search is based on thé S&tD descriptors and on binary document image Th
main markers types are partitioned into 3 main gsozoncerning their significance for document idaaition:

- the most significant signs are seals, logos, basostylized texts;

— the second group includes lines, intersectionsléapgtext units and separate labels;

— the least significant signs are separate characters
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Fig. 3. Receipt image fragment, with SIFT charasterpoints found on it

Carried out experiments showed that the providgdrahm of receipt image processing allows to pnése
the document in the form of ordered, well percdptgigns set, and the intermediate algorithm ressuitbe used
by character recognition systems without prior pesing.
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PROGRAM FOR PRACTICAL STUDYING OF GRAPHS

YEVGENI POGREBNYAK, ALEXANDER LOBANOV, TATYANA RUDKOVA
Polotsk State University, Belarus

This paper describes a program that was written to help students better learn the material on the graph
theory. The article also contains a summary of the graphs, some algorithms and graph theory.

In mathematics and computer science, graph theorhe study of graphs which are mathematical
structures used to model pairwise relations betvedgects. A “graph” in this context is made up eéftices" or
“nodes” and lines called edges that connect thengrdph may be undirected, meaning that there is no
distinction between the two vertices associateth wach edge, or its edges may be directed fromveriex to
another. Graphs are one of the prime objects dfystudiscrete mathematics [1].

Discrete mathematics is the study of mathematicattres that are fundamentally discrete rathan th
continuous. In contrast to real numbers that h&eeproperty of varying “smoothly”, the objects sadlin
discrete mathematics — such as integers, graptsstatements in logic — do not vary smoothly irs thvay, but
have distinct, separated values [3]. Discrete nmadties therefore excludes topics in “continuousheatatics”
such as calculus and analysis. Discrete objectsoftan be enumerated by integers. More formallgcidite
mathematics has been characterized as the bramohatb&ématics dealing with countable sets [3] (Bt have
the same cardinality as subsets of the natural ewnbncluding rational numbers but not real nuraper
However, there is no exact definition of the terdistrete mathematics” [4]. Indeed, discrete mathemas
described less by what is included than by whak&uded: continuously varying quantities and eslatotions.

The set of objects studied in discrete mathemateosbe finite or infinite. The term finite matheimatis
sometimes applied to the parts of the field of itz mathematics that deals with finite sets, paldrly those
areas relevant to business.

Graphs can be used to model many types of relatodsprocesses in physical, biological, social and
information systems. Many practical problems camdpeesented by graphs [2].

In computer science, graphs are used to represetmiorks of communication, data organization,
computational devices, the flow of computation,. dor instance, the link structure of a website ten
represented by a directed graph, in which the cestrepresent web pages and directed edges repliegen
from one page to another. A similar approach cataken to problems in travel, biology, computempctiésign,
and many other fields. The development of algorthienhandle graphs is therefore of major intemesbimputer
science. The transformation of graphs is often &imed and represented by graph rewrite systems.
Complementary to graph transformation systems fagusn rule-based in-memory manipulation of graptes
graph databases geared towards transaction-sasistpat storing and querying of graph-structurathd2].

There are some algorithms for working with graphsey are:

1) Dijksta’s algorithm;

2) Floyd-Warshall algorithm;

3) Kruskal's algorithm;

4) Prim's algorithm;

5) Depth-first search;

6) Nearest neighbor algorithm.

The essence of our program lies in the practiealysbf algorithms working with graphs. The algonith
for study is selected in the program, and aftergimeeration of a graph, the program gives thetlipsthe user
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