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DATA ENCODING BASED ON TRICOLOR MATRIX BARCODES

Background. Nowadays, matrix barcodes in general and QR codes in particular are widely used in multiple applications,
when it is important to input data into a computer system in a fast and secure way (both error-free and protected from
third parties). Their popularity was significantly increased since the era of smartphones had begun, and so consequently,
new use cases and new problems have arisen. Specifically, one of the important issues is representing more information
as a barcode symbol.

Objective. The objective of the research is to develop a data barcoding method based on grayscale tricolor 2D barcode
which enables representing more amounts of information with preservation of the area of a graphical symbol.
Methods. The research is based on both the coding theory and the multicolor barcode concept, which allow to increase
amounts of data that can be encoded and represented by one matrix barcode symbol. The proposed BGW barcoding
method uses a combination of data transformations between several notation systems with the purpose of data com-
pression.

Results. The method of data encoding based on tricolor matrix barcodes is proposed and described. This method allows
to compress input alphanumeric data and transform it into a 2D barcode symbol composed of BGW (black, gray,
white) barcode patterns. Two use cases for the proposed method application are considered in the paper. The first use
case concerns enhanced information input. The second one addresses the data protection issue.

Conclusions. The proposed BGW barcoding method enables compact representation of a textual data. One of the
benefits of the proposed method lies in a possibility to not only encode data but to compress it. Due to data compression,
more information can be represented keeping the same dimensions of the graphically coded symbol. Depending on the

parameters, especially barcode symbol digital capacity, compression can be up to 20—25%.
Keywords: barcoding; data encoding; data compression; matrix barcode; tricolor barcode.

Introduction

Matrix, or 2D, barcodes have been effectively
used to make data input into a computer system
faster and more secure (both free error and pro-
tected from third parties) for decades, but popularity
of 2D barcodes in general and QR codes in partic-
ular was significantly increased since the era of
smartphones had begun. Multiple use cases in dif-
ferent fields of humans’ activity have appeared, such
as ID verification, shipping and receiving, mobile
ticketing or document tracking [1], and these are
only few examples of using barcodes, along with new
use cases and, respectfully, new problems arising.
Thus, one of the subjects of particular interest is en-
coding more information in the form of barcode. It
can be easily achieved by extending the area of a
graphical barcode symbol, however it could be an
inappropriate solution for certain use cases, when
size is substantial (e.g. barcodes on microcircuit).

Barcoding methods and barcodes themselves
are a subject of study for many researchers. Thus,
in [2], the authors propose a new approach to color
barcode decoding that does not require a reference
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color palette. According to their algorithm, groups
of color bars are decoded at once, exploiting the fact
that joint color changes can be represented by a low-
dimensional space.

The authors of [3] present an approach for lo-
calization and segmentation of a 2D color barcode
when it is read using computer vision techniques.
They develop a progressive strategy to achieve high
accuracy in diverse scenarios and computational ef-
ficiency.

In [4], a visible light communication (VLC)
system for off-the-shelf smartphones entitled
COBRA is presented. The system encodes infor-
mation into specially designed 2D color barcodes.
The authors developed a new barcode for COBRA,
which is optimized for streaming between small-size
screen and low-speed camera of smartphones.

The authors of the patent [5] propose to store
information decoded from a bar-code as character-
based data in an auxiliary field, e.g. a comment field,
of an image file.

In [6], the authors proposed High Capacity
Colored QR codes (HCC2D) as an alternative to a
standard QR codes. The main idea authors
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developed in the paper is to create a new 2D code
which aims at increasing the space available for data,
while preserving similar robustness, error correction
and without losing compatibility with the original
QR standard. Authors compared their new approach
to Microsoft’s High Capacity Color Barcode (HCCB)
described in [7]. It is shown in the paper that
HCC2D approach leads to a larger data density
compared to QR at the price of a small computa-
tional overhead. Though the data density is slightly
lower than in HCCB, HCC2D does not suffer from
the problems in detection and alignment of the
2D code.

The author of [8] proposes a method of gener-
ating and decoding of two-dimensional color bar-
code, which includes a black and white configura-
tion block that encodes configuration information
about the barcode and a plurality of color data
blocks that encodes data.

A method of high capacity color barcodes gen-
eration is proposed in [9]. This method operates by
embedding independent data in two different printer
colorant channels via halftone-dot orientation mod-
ulation.

In [10], the authors present a system and
method for encoding and decoding data in a color
barcode pattern using dot orientation and color sep-
arability. The authors assert that the method is ro-
bust against interseparation misregistration with a
small symbol error rate.

The authors of [11] present a prototype for
generating and reading the HCC2D code format on
both PC (Linux and Windows platforms) and mo-
bile phones (Android platform). The experimental
results considering different operating scenarios and
data densities in comparison with 2-dimensional
barcodes are provided.

Thus, although there are a lot of solutions for
barcoding, a problem of improving data representa-
tion as a barcode is still relevant and, among other
issues, requires new approaches in data compressing.

Problem Statement

The subject of this study is a barcoding of data
with compression.

A possible way to achieve increasing amount of
information to be encoded with preservation of the
area of a graphical symbol is to add more colors to
a barcode and make it multicolor instead of black-
and-white.

However, in case of using RGB palette there
are few problems. In the first place, it will percepti-
bly augment overall complexity of calculations as

each of RGB matrices has to be processed. Sec-
ondly, multicolor barcodes can be effectively used
in the digital form. Modern printers are highly ad-
vanced, however there still could be a problem of
color rendering. Particular colors can be distorted
when printed, with the result that barcode scanner
will incorrectly process encoded data.

Grayscale tricolor 2D barcode, or Black-Gray-
White barcode (BGW barcode), solves the problem
of representing multicolor barcodes in the printed
form. Because of using grayscale, a barcode con-
sisted of black and white colors and shades of gray
can be easily printed using grayscale printing mode.
In this case, barcode scanner will analyze an inten-
sity of gray color, which would enable to minimize
the possibility of scanning error.

In this paper, we propose the data barcoding
method that enables to encode more amounts of in-
formation with preservation of the area of a graph-
ical symbol, based on grayscale tricolor 2D barcode.

Data BGW Barcoding Method

Let us define some fundamental notations.
A 2D barcode symbol is a set of barcode patterns that
are densely spaced on a carrier in the form of matrix.
A barcode pattern is graphical representation of
s-digits ternary sequence of symbols.

A barcode pattern consists of s elements which
are, in physical meaning, matrix cells. Each cell can
be painted one of 3 colors; let us label them as
white, gray and black. Consequently, maximum ca-
pacity of a 2D barcode symbol (i.e capacity of a set

of all possible barcode patterns) will be V. =3"

barcode patterns.

Let us consider 2 types of barcode patterns: in-
formational barcode patterns and auxiliary barcode
patterns. Informational ones are used to present in-
coming alphanumerical sequence of symbols. Aux-
iliary ones are used to switch between modes, to in-
dicate START and STOP symbols, scanner com-
mands, etc.

Symbology Q of a barcode is a set of all possi-
ble barcode patterns at fixed s. Let us consider the
symbology Q to be an alphabet Q with capacity

P, =3°. This alphabet consists of informational

patterns Q. and auxiliary patterns Q,, , i.e.

Q=0,,UQ,, . Capacity of informational pat-
and, respectively, capacity of auxiliary

nf

terns is PQ,-

patterns is P, . Thus, P,

in,

will  be

) +Pﬂm =3°. Input

information that transformed into
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symbology Q represents a sequence of symbols be-
longed to an alphabet A. The alphabet A consists
of Roman alphabet, Cyrillic alphabet, digits, and
special symbols and is a subset of alphabet ASCII,
iie. Ac ASCII .

A. Theoretical Background

Let an entering alphanumeric sequence is as
follows:

T=11,..1, (1)

where 7, is an element of entering sequence,
t,e ASCII, i=12...,h and h is sequence T

length.
Let us also define that the set ASCII can be
presented as the following: ASCII ={LUDUC}

where L is a letters set, D is a digits set, and Cis a
special symbols set.

The sequence T divides into adjacent subsets
that are consisted of elements belonged to one of
ASCII subsets:

wy=tityt, el

wy =1,

i i+l"'th—i+l < D’

W=ty ity ity eC.

Thus, the entering sequence acquires the fol-
lowing form:

T = W W, W,

where w, is a subsequence of the entering sequence

which contains elements of only one set of ASCII sub-
sets. However, in the entering sequence T the subse-
quences w w,...w, can be situated in any order.

Let us consider a mathematical model of the
entering sequence T transformation to a compressed
sequence U.

The subsequence w; =1f,...1,, is considered as

n-digits vector in a notation with a base P ,. After

compressing this subsequence transforms to m-digits
vector in a notation with a base P, where n>m

inf
and P, < Pme' A sequence of j vectors

u,=c.,.c, ensues so that the following com-
pressed sequence U is being obtained:

U=uuy.u,. 2)

The process of compressing a sequence of »
adjacent symbols that belong to the alphabet A with
a cardinality P, reduces to transforming these sym-

bols to m barcode patterns, which are symbols of
the alphabet Q inf with cardinality PQ_f :

n(P,) - m(Pme) 3)

where » is a number of symbols from A and m is a
number of symbols from P,

Thus, the transformation (3) is a transfor-
mation of a number from one notation system to
another one. It can be represented as following:

n-1 ) m-1 )

1 I
2 oPy— ZmiPQW
i=0 7=0

where o, are corresponding codes of symbols from A
and o; are corresponding codes of symbols from Q inf -

In this case, the entering sequence (1) will be
compressed to the resulting sequence (2) if

n_1<opm _
nllog, P[> m]log , PQW[ and Pj-1< PQW 1
where P4 -1 and Pé”_f —1 are quantitative equiv-

alents of, correspondingly, maximal n-digits number
in a notation P, and maximal m-digits number in

. These conditions can be repre-

nf

a notation P,
sented as the following inequality system:

Pi<P} ,
AT Qi “
nlogs P[> mllog; Py |

where n]log, P [is a length of an entering uncom-
pressed sequence of symbols and m]log , Pn.f[ is a

length of a resulting compressed sequence.
Hence, the aim is to find such P, for fixed

PQ'f that a maximal compressing will be guaran-

teed when a sequence of symbols is transforming to
a 2D barcode symbol.

To assess compression degree, let us calculate
a ratio of an entering sequence length to a com-
pressed sequence length:

5 n]log, P
Uy uu):_J_EE_ALH
Qs m]log 4 PQ.f[

Hereinafter the ratio will be termed a compression
coefficient.
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s=4 s=3 s=6 s=17 s=8
4 |3 5 14 |3 6 |5 |4 7 16 |5 8 |7 |6 |5
2 |1 2 |1 3 12 |1 4 |3 |2 |1 4 |3 |2 |1

8 |7
6

5 |4 7 16 |5 |4 6 |5
4

312 |1 302 |1 4 |3
2

2 |1

Fig. 1. Bits arrangement in a barcode pattern according to digit capacity s

B. BGW 2D Barcode Construction

As was stated at the beginning of the section, a
barcode pattern is a graphical representation of s-
digits ternary sequence of symbols, and a maximum
capacity of a 2D barcode symbol is the capacity of
a set of all possible barcode patterns which will be

Vomax =3° barcode patterns.
Table 1 shows the correspondence between a
parameter s value and maximal capacity of a 2D
barcode symbol.
It is inadvisable to consider barcode patterns
when s <4 as such 2D barcode symbols have too

small capacity to be applied to real-life problems.
Thus, s =4,8 will be of practical value in further
research.

Fig. 1 shows possible alternatives on how to
graphically represent a barcode pattern in accord-
ance with s value.

The procedure of transforming an entering al-
phanumeric sequence to a 2D barcode symbol con-
sists of the following stages:

Table 1. Dependence of 2D barcode symbol maximal
capacity on barcode pattern digital capacity

e || RS
4 34 81
5 33 243
6 36 729
/ 37 2187
8 38 6561
? 3° 19683
10 310 59049

I. Transformation of symbols from the entering
sequence to a sequence of codes of corresponding
symbols. At this stage, each symbol from the alpha-
numeric sequence is being replaced by a code cor-
responded to an order number of this symbol in the
alphabet. As a result, we obtain a sequence of order
numbers (Fig. 2).

v

SAMPLE 180121511 4

Fig. 2. First transformation of the entering sequence

II. Transformation of a decimal number ob-
tained at the first stage from notation system P,

to notation system P, E Applying the transformati-
on (6), we obtain a number in notation P, , (Fig. 3)

at the second stage.

180121511 4

43 52 229 185 200

Fig. 3. Second transformation of the entering sequence

II1. Transformation of the number in notation

P to a ternary number. At the third stage, we

Q.

inf

transform each number in notation P,

inf

to ternary

system and obtain the ternary number (Fig. 4).

43 52 229 185 200

01121 01221 22111 20212 21102

Fig. 4. Third transformation of the entering sequence

IV. Transformation of the ternary number to a
barcode pattern. Finally, the number in ternary sys-
tem can be represented in a form of matrix each cell
of which is painted over one of three colors: white
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for digit 0, gray for digit 1, and black for digit 2. At
the end of this process, we obtain a barcode symbol
representing the entering data in a graphical-coded

form (Fig. 5).

Fig. 5. Final transformation of the entering sequence

01121 01221 22111 20212 21102

Thus, transforming initial alphanumeric data to
a barcode occurs in 5 consecutive steps.

Multiple barcode patterns transformed from
initial alphanumeric sequences of characters form a
2D barcode symbol which, afterwards, can be lo-
cated at a physical object.

C. Practical Implementation

Let us consider an example of the proposed
method implementation.

A lot of public and private offices keep infor-
mation about their customers, or patients in case of
medical institution. Generally, this information
contains such personal data as full name, date of
birth, passport number, residential address. To pre-
vent third parties from accessing to these data, they
could be transformed to a 2D barcode symbol by
following the steps stated in the previous subsection.

Let the entering alphanumeric sequence E is as
follows: “OLEKSIY KLYMENKO, 01/01/1990,
XX83629, 36 KHRESHCHATYK STR., 01044 KYIV,
UKRAINE.” (all the data in this example are ficti-
tious).

As it is quite a small amount of information,
there is no need to use large s values which are more
appropriate to encode, for instance, a medical his-
tory or any other body of data. Hence, let s =4 in
this example. Then P, =70 as P,=8land

nf
P,  has been chosen to be equal to 11 in this

case.

As a pre-step for barcoding, we need to deter-
mine alphabets which will be used when encoding
the entering sequence of symbols. To do this, ine-
quality system (7) must be solved for integer values
only. When s =4, we obtain a set of solutions. The
most useful integer solutions are presented in
Table 2.

As we are going to encode Latin symbols, digits
and some punctuation symbols (including space),
the least possible cardinalities for each of these al-
phabets are 26, 10 and 4 correspondingly. However,
if we analyze possible subsequences in these

particular textual data, it is evident that punctuation
symbols can be included into Latin and digits alpha-
bets to avoid a necessity to switch between alphabets
just because of one not-letter-symbol. Hence, we
need to look for alphabets with cardinality covering
those punctuation symbols.

Table 2. Some integer solutions for s =4

Cardinality Type of Compression
m | n P, of transfor— coefficient
alphabet A4 r’:la_t:?: U %)(P 4)
2 3 16 352 1.125
3 5 12 5—-3 1.250
4 5 29 5—-4 1.250
7 11 7—5 1.313
5 6 34 6 -5 1.200
9 10 935 1.350
6 7 38 7—-6 1.167
11 10 11 -6 1.375
7 8 41 8§ -7 1.143
9 27 9 -7 1.286
3 9 43 9 -8 1.125
13 13 13 -8 1.219
10 45 10 -9 1.111
9 11 32 11 -9 1.222
16 10 16 -9 1.333
10 11 47 11 — 10 1.100
16 14 16 — 10 1.200

While choosing, we must also observe com-
pression coefficient and a type of transformation.
Even though alphabet with cardinality P, =14 fits

better to cover 4 punctuation symbols, it has worse
both type of transformation 16 — 10 and compres-

sion coefficient U {J(P,)=1,20 than an alphabet
with cardinality P, =12 has. So, in this case we

can reduce punctuation symbols from 4 to 2 for al-
phabet of digits.

In general, these alphabets are being defined
for each specific area of application (i.e., healthcare,
public service, banking, etc.). In areas where large
amounts of information must be stored and, conse-
quently, encoded there could be a set of at least
3 alphabets, namely Latin letters, digits and punc-
tuation symbols, including special characters. In
some use cases ASCII both standard and extended
can be also added.

In the final analysis, we choose the following
alphabets to encode the data:
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e alphabet L for Latin symbols, including
space, full stop and comma, with cardinality

P =29, a type of transformation 5 — 4 and com-
pression coefficient U ;‘(‘))(P ) =125;

e alphabet D of digits, including space and
slash, with cardinality P, =12, a type of transfor-

mation 5 — 3 and compression coefficient
UsdPy) =1,25.

As soon as the pre-step is done, we need to
follow 4 stages of data transforming to a 2D barcode
symbol which have been stated in the previous sub-
section.

At the first stage, the entering sequence splits
up into a set of subsequences of 5 symbols as there
are transformations 5 — 4 and 5 — 3. When divid-
ing, as soon as we reach the first digit, which does
not belong to alphabet L, we insert a switch mark

S, and switch to alphabet D. Analogously, as soon
as we reach a symbol that does not belong to alpha-
bet D, we input a switch mark S, and switch back

to alphabet L.

As a result, the set of subsequences is as
follows: {Oleks;iy Kl;ymenk;o, ;Sp;01/01;/1990;
S, , XX; Sp; 83629 ; Si;,; Sp; 36 ;Si; Khres; hc
hat; yk_st;r., ; Sp; 01044; S1; Kyiv;, Ukr;aine. },
where underscore means space.

Each symbol in the set is being replaced with a
corresponding code that is an order number of this
symbol in the alphabet.

At the second stage, each subsequence is being
transformed from notation system with base 29 for
alphabet L and base 12 for alphabet D to notation
system with base 70:

14 11 4 10 18 — 29 46 21 15

824261011 — 18 18 50 51

24 124 13 10 — 50 24 50 63

142826 — 240 12

29 — 29

011001 —-04519

101990 — 42672

12 > 12

28 26 23 23 — 23 67 58

29 — 29

83629 35649

12 > 12

28 —» 028

29 — 29

1136 11 — 3 68 63

12 > 12

10717418 - 21111514

727019 — 14 41 39 21

24 10 26 18 19 — 50 18 40 41

17 27 28 26 — 1 19 29 28

29 — 29

01044 —02530

12 - 12

26 10 24 8 21 — 54 26 60 33

28 26 20 10 17 — 59 44 35 59

0813427 - 042538

At the third stage, each number in each ob-
tained subsequence is being transformed to ternary
number, so that the result is a sequence of ternary
numbers: 1002 1201 0210 0120 0200 0200 1212 1220
1212 0220 1212 2100 1111 0110 1002 1200 0201
1120 2111 0002 0110 0002 0010 2111 2011 1002
1022 0020 1211 0110 0000 1001 1002 0010 2112
2100 0110 0210 0102 0120 0112 0112 1112 1110
0210 1212 0200 1111 1112 0001 0201 1002 1001
1002 0221 1010 0110 2000 0222 2020 1020 2012
1122 1022 2012 0000 1120 0012 1102.

Finally, the sequence obtained above is being
represented in a form of matrix 7x10 where white
color represents 0, gray 1 and black 2 (Fig. 6).

s

)

Fig. 6. The 2D barcode symbol containing the entering alphanu-
meric sequence F

eE

L

Thus, the entering alphanumeric sequence
containing private data has been transformed into
the 2D barcode symbol. Its compressing degree is
equal to 17%. Taking into account relatively small
amount of the initial data, we consider that the ob-
tained compression is satisfactory.

Grayscale Tricolor Barcoding Use Cases
A. Enhanced Information Input

Initially barcodes have been used for quick and
errorless input of information into a computer sys-
tem. Today barcodes in general and QR-codes spe-
cifically are widely spread in advertising as an alter-
native URL to make a website access faster and
more accurate, especially when a web-address is
long and complex.
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Quick and error-free data input is particularly
vital in automated fields of activity, such as manu-
facturing. Even though automation have embraced
most of industrial processes, people still take an ac-
tive part in controlling them by entering specific
commands into a computer system.

BGW barcode enables holding larger amounts
of information in a graphical symbol, so that more
computer instructions can be represented by a single
symbol.

Similarly to the data protection approach, sets
of commands for industrial equipment are presented
in the form of BGW barcode. The printed barcodes
will form a so-called command sheet (Table 3).
Such a command sheet might contain independent
commands, command sets or executable code, de-
pending on a field of application. For instance,
command sheet approach can be used for installing
drivers and software or customizing equipment for
specific purposes.

Table 3. Example of a command sheet

Barcode of a

Set of commands
command set

Command set 1:
Command 1.1
Command 1.2

Command 1.ml
Command set 2:
Command 2.1
Command 2.2

Command 2.m2

Command set N:
Command 3.1
Command 3.2

Command 3.mN

A command sheet can be located at the equip-
ment, so that technical personnel can easily read it
with a scanner and enter these commands into a
computer system instead of using keyboard and con-
trol keys.

The proposed information technology for en-
hanced information input in the industrial area is
presented at Fig. 7.

Such approach ensures quick and error-free in-
put of complex data or set of instructions preventing
a possibility of incorrect functioning of the technical
system.

Command set
application

Command sets
barcoding

Sets of commands |
formation \
1

v

Command sheet
formation

i “

Decoding the
command set N

Command sheet
printing H

Scanning a
command set N

Fig. 7. Information technology for industrial application

B. Textual Data Protection

Nowadays, paperless information technologies
are widely used. In many use cases information ex-
ists only in electronic form. Nevertheless, printed
textual documents are still in active use and it is very
likely they will keep their role for a long time.

Information presented as a printed textual doc-
ument frequently has confidential character. Names,
addresses of residence, birthdates, marital status —
all these data should be kept in a secured way. How-
ever, to protect a printed document from unauthor-
ized access is much harder than to ensure informa-
tion security in a computer system where a docu-
ment security management system can be used
and both cryptography and steganography can be
applied [12, 13].

Usually, the protection of printed documents is
ensured by certain organizational procedures pro-
tecting information from access of unauthorized
persons by limitation of physical presence of such
people in offices as well as labeling documents with
‘for official use only’ mark. However, this approach
cannot guarantee data protection.

The proposed approach for textual data protec-
tion is based on the fact that the human brain is not
able both to recognize and to memorize data pre-
sented as a barcode. It is supposed that a textual
document protected according to this approach can
be visualized and perceived by a user only on a PC
screen. When the document is printed, it is pre-
sented as a 2D barcode. Thus, the information tech-
nology we propose consists in the following (Fig. 8).

A computer system to be used for a textual
documentation preparation includes a PC, a scan-
ner, and a printer along with a special software.

A user uses PC for creation of a document
which can contain a text in a certain language, ¢.g.
in English. The document might be saved at the lo-
cal data storage and it can be opened any time on
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Fig. 8. Information technology for textual data protection

this PC. When the document is opened, it is visual-
ized in a usual way. At the same time, when the user
prints the document, it is being converted into a 2D
barcode and only after this transformation it might
be printed on a paper. The printing of non-barcoded
data is forbidden by the special software pre-in-
stalled at PC.

To see the printed textual document in a read-
able form, the user must scan the document. As the
result of scanning, the text is displayed in the origi-
nal form at the PC screen.

Conclusions

The proposed BGW barcoding method enables
compact representation of a textual data. One of the
benefits of the proposed method lies in a possibility

to not only encode data but to compress it. Due to
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M.B. Onamn, O.K. Cynema, A.l. Ouuka

KOOYBAHHA OAHMX HA OCHOBI SACTOCYBAHHA TPUKONIPHUX MATPUYHUX LUTPUXKOAIB

Mpobnemartuka. Ha cboroaHi MmaTpuyHi LITpMXOBI Koau B Linomy i QR-koan 3okpema LUMPOKO BMKOPUCTOBYIOTLCS Y BaraTbox 3a-
CTOCYHKax, KONv € BaXN1BUM BBOAUTM AaHi B KOMM'IOTEPHY CUCTEMY LUBUAKO i Ge3neyvHo (3 TOYKM 30py sIK BiACYTHOCTI MOMWUIIOK Npu
BBE/IEHHI, TaK i 0OMEXEeHOCTi JOCTYNY CTOPOHHIX 0Cib). 3 noYaTkoM enoxm cMapTgOHIB NONYNSIPHICTE MAaTPUYHKX LUTPUXOBUX KOAIB 3HAY-
HO 3pocna, B pe3yrnbTaTi YHoro BUHUKIW HOBI CLieHapii BUKOPUCTaHHSA Ta HOBi Npobnemun. 3okpemMa, oHIe0 3 BaXNMBUX NPoBeM € NofaHHs
y BUMNSAi WTpuxkody Ginblumx obcsris iHpopmalii.

MeTa pocnimkeHHA. MeTol0 AoChiAXeHHs1 € po3pobneHHs MeToay KOAyBaHHA AaHWX, WO A€ MOXNMBICTbL NepeTBOpOBaTU Ha
MaTpUYHUIA LUTPUXOBUIA KOA Y rpagauisix ciporo 6inbLi o6carv gaHux 3i 36epexxeHHsIM Npy LboMy po3Mmipy rpadiyHoro cumsona.

MeToguka peanisauii. [lpoBegeHe AOCMiAXEHHS I'PYHTYETbLCSA Ha Teopii KoAyBaHHSA Ta KOHUeNUii 6araTokomnipHOro WTPMXOBOro
KOAYBaHHS, WO Aae 3Mory 36inbluyBaTK KinbKicTb iHoOpMaLii, ska Moxe OyTy npeacTaBneHa OAHUM LUTPUXKOLOBUM 3HaKoM. 3anporno-
HOBaHWI MeTon kopyBaHHS BGW (CKOpouYeHHs Bif aHrm. “4opHUiA-Cipuin-6invin®) BUKOPUCTOBYE MOCMIAOBHICTb NepeTBOPEHb AaHUX MiX
Pi3HMMM CUCTEMaMU YUCTIEHHS 3 METOHK YLLINMbHEHHST OAHMX.

Pe3ynbTaTtn gocnigxeHHs. 3anponoHOBaHO Ta ONMCaHO METOZ KOAYBaHHS AaHUX, L0 I'PYHTYETBCA Ha TPUKOMIPHUX MaTPUYHMX
LUTPUXOBKX Koaax. Lier meToa Aae MOXMIMBICTD YLLiNbHIOBATU BXiAHI andasiTHO-UMMPOBI AaHi Ta NogaBaTy iX y BUMIS4I MaTPUYHOI LUTPUX-
KOAOBOI NO3HaYKM, LUITPUXKOAOBI 3HAKWN SIKOT CKNaAarTbCsl 3 YOPHUX, Cipux i 6innx komipok. Po3rnsiHyTo ABa cueHapii BUKOpUCTaHHS 3a-
nponoHoBaHoro metoay. MepLunin cueHapii nepeabavae BUKOPUCTaHHS BAOCKOHANEHoro cnocoby BBeAeHHs iHdopmaLii. Apyruii cueHa-
Piil CTOCYETBLCA 3aXMCTy AaHUX.

BucHoBku. 3anponoHoBaHuii MeTos kodyBaHHs BGW 3abesneuye KoMnakTHe nogaHHs TEeKCTOBUX AaHUX Ha Pi3U4HOMY HOCI.
OpHieto 3 nepeBar 3anpornoHOBAHOrO METOAY € MOXIMBICTb He NuLie KO4yBaTu AaHi, ane v yLwinbHoBaTh iX. YHacnigok yulinbHeHHs
OaHnX MOXHa nodaBaTh Ha Hocii binbLue iHbopMmalii, He 3MiHIYM NpY LbOMY Po3Mipu rpadiyHO-KOAOBAHOrO CUMBOMY. 3anexHo Bif
BMOpaHMX NapameTpiB, 30KpEMa EMHOCTI LUTPUXKOAOBOI NO3HAYKM, YLLINMbHEHHS aHWUX MOXe cTaHoBUTU A0 20-25 %.

Knio4yoBi cnoBa: LUITPUXKOAYBaAHHS; KOAYBAHHA AAHMX; YLINbHEHHS AAHUX; MATPUYHI LUTPUXOBI KOAW; TPUKOIPHI LUTPUXOBI KOAWN.

H.B. Onan, O.K. Cynema, A.W. Onyka

KOAMPOBAHWE OAHHBLIX HA OCHOBE MCMOMb30BAHMA TPEXLUBETHBIX MATPUYHbBIX LUTPUXKOOOB

Mpo6nemaTuka. Ha cerogHsALWHNIA IeHb MaTPUYHbIE LUTPUXOBbLIE KOAbI B LienomM u QR-koabl B YaCTHOCTU LLUMPOKO UCMONb3YHOTCS
BO MHOIUX MPUMNOXEHWSIX, KOrAa BaXKHO BBOAWTL aHHbIE B KOMMbIOTEPHYHO CUCTEMY BbICTPO 1 6e30nacHoO (C TOYKU 3pEHUST KaK OTCYTCTBUS
owmnBOoK Npu BBEAEHWUM, TaK U OrpaHUYEHHOCTU AOCTYMNa NOCTOPOHHMX nuy). C Hayanom 3noxym cMapTdOHOB UX NOMYMAPHOCTb 3HAYM-
TenbHO NOBbICUNACk, B pe3ynbTaTe Yero NosiBUNNCb HOBblE CLiEHapuUW NCNomnb30BaHNs U HoBble Npobnemel. B yacTHocTH, ofHON 13 Bax-
HbIX Npobrem siBNsSieTCA KOAMPOBaHME B BMAE LUTPUXOBOrO KoAaa 60onbLnx 06 beMOB MHOpMaLMK.

Llenb nccnepoBaHus. Lienbio nccnenoBaHns sBnsieTcs paspaboTka MeToga KOOUPOBaHUST aHHbIX, KOTOPbIV No3BonsAn 6bl npe-
06pa3oBbiBaTh B TPEXLBETHLIN LUTPMXOBOW KO B rpagaumsx ceporo 6onblumMe 06beMbl AaHHbBIX C COXPaHEHMEM MPU 3TOM M3HaYanbHbIX
pa3mepoB rpadmMyeckoro cumBona.

MeToauka peanusauumu. [poBeaeHHOE UCCref0BaHNE OCHOBLIBAETCA HA TEOPUU KOAMPOBAHUS M Ha KOHLEMNLMN MHOTOLIBETHbIX
LITPMXOBbIX KOAOB, YTO MO3BONSET YBENNYMBATL KONMMYECTBO MHAPOPMALIMK, KOTOPast MOXET ObITb NpeAcTaBreHa OA4HUM LLITPUXKOOOBLIM
3HakoM. MNpeanoxeHHbIi MmeTo BGW (cokpallieHre OT aHrmn. “YyepHblii-cepblii-6enblin”) ucnonb3yeT nocrnegoBaTenbHOCTb Npeobpa3soBa-
HWIA AaHHbIX U3 OAHOW CUCTEMbI CHUCIIEHUSI B OPYTYIO C LENbIO CXaTus AaHHbIX.

Pe3ynbTaTbl uccneaoBaHus. [NpeanoxeH n onucaH MeTon KOAMPOBaHMSA AAaHHbIX, KOTOPbI OCHOBLIBAETCSI HA TPEXLIBETHbIX MaT-
PUYHBIX LUTPUXOBbLIX Kodax. OTOT METOA MO3BONISIET CKUMATb UCXOAHbIE andaBUTHO-UMGPOBLIE AaHHbIE 1 Npeobpa3oBbiBaTh UX B MaT-
PUYHBIN LUTPUXKOAOBBIVA CUMBOJ, LUTPUXKOAOBbLIE 3HAKM KOTOPOro COCTOSIT U3 YEpHbIX, CEpbIX U Benbix siueek. PaccMoTpeHbl [iBa CLeHa-
pus ucnonb3oBaHUsi NpeanoXeHHoro Metoaa. MepBbii cueHapuii NpegycMaTpuBaeT UCMONb30BaHUE YCOBEPLUEHCTBOBAHHOIO crnocoba
BBeAeHus nHopmaLumn. BTopon cueHapui cBa3aH C 3agavei 3alimTbl JaHHbIX.

BbiBoAbl. [peanoxeHHbin meTon kogupoBaHusa BGW obecneunBaeT KOMNaKTHOE NPeACTaBNeHNe TEKCTOBbIX AAaHHbIX Ha Pu3n-
yeckoM HocuTtene. OgHUM 13 NPeUMyLLECTB NPEANOXEHHOro MeToAa SIBNSIETCS BO3MOXHOCTb HE TOMbKO KOAMPOBATL AaHHbIE, HO U CXU-
mMaTb ux. B pesynbTrate cxaTtus OaHHbIX MOXHO MPeAcTaBnsaTb Ha HocuTene 6onblue MHOpMaUun, He M3MEHSI NMPU 3TOM pa3mepbl
rpadmyeckn-KOAMPOBaHHOrO cumBona. B 3aBucMMOCTM OT BbiGpaHHbLIX NapameTpoB, B YACTHOCTU €MKOCTU LUTPUXKOAOBOrO CMMBONA,
cxKaTtume gaHHbIX MoxeT gocturatb 20—25 %.

KntoueBble cnoBa: LITPUXKOAUPOBAHME; KOAUPOBAHUE [AaHHbIX; CKaTue AaHHbIX; MaTPUYHbIE LUTPUXOBbIE KOAbI; TPEXLBETHbIE
LUTPMXOBbIE KOAbI.
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