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ABSTRACT

Context. In this paper the authors propose a method for data compression to be used for presenting information in the form of 2D
matrix barcode. The proposed method is based on both a structural-logical approach and using three colors in a barcode instead of
two colors as it is in standard black-and-white barcodes. This approach allows to increase data density keeping the same area as bi-
color barcodes take. In the paper authors present the data compression method and demonstrate the barcoding technology.

Objective. The goal of the work is to develop a method of data barcoding that would allow to encode more information in the
form of 2D matrix barcode.

Method. The method of tricolor matrix barcoding with compression is proposed. The main idea of the method is to compress in-
put textual information on the stage of alphanumeric sequence transformation into a set of barcode patterns, which will form a result-
ing barcode symbol. It is possible due to intermediate transformation of input characters from initial notation, which is determined by
cardinality of an input alphabet, to a notation defined by cardinality of barcode patterns alphabet. Choice of the input alphabet influ-
ences overall compression, and it is an important step of the method to choose the initial alphabets for the textual information to be
encoded. Use of three colors over standard two colors is also an important component for creating a barcode symbol with increased
informational density. As ternary notation is used, the second transformation from the intermediate notation to the ternary one pro-
vides more compression. The proposed method allows to represent more textual data in a single barcode symbol than bicolor barcod-

ing approaches do.

Results. The method of tricolor matrix barcoding with compression has been developed and described. Authors provided an ex-
ample of the method implementation on test data that had been barcoded using the method.

Conclusions. The experiments conducted for this research have confirmed that the proposed method provides more informa-
tional density as compared with black-and-white matrix barcodes. The prospects for further research might include studying noise
immunity issue in order to guarantee error-free scanning and increased reliability of the barcode, and extending the barcoding soft-

ware to be used in any alphabet.

KEYWORDS: textual Data Protection, Automated Data Capture, Barcoding, 2D Barcode, Tricolor Barcode, Grayscale Barcode,

Black-Gray-White Barcode.

ABBREVIATIONS
BGW-Code is a black-gray-white barcode;
DNM is a decimal numbers mode;
HNM is a hexadecimal numbers mode;
TDM is a textual data mode;
ASM is an ASCII symbols mode.

NOMENCLATURE
B is an area of barcode symbol;
s is a number of cells in a barcode pattern;
g is a number of colors, or number base;
V is a maximum capacity of a barcode symbol;
Q is a symbolism (an alphabet) of barcode;
Q¢ is an alphabet of informational (textual) sym-

bols;
Q,.x 18 an alphabet of auxiliary (technical) symbols;

Py is a cardinality of any alphabet X;

T is an input alphanumeric sequence;

U is a resulting sequence of barcode patterns;

n is a number of adjacent symbols of the same type in
the input sequence T;

m is a number of barcode patterns;

tj is an element (one character) of the input se-

quence T;
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W; is a subsequence consisted of elements tj ;
®j is a barcode pattern;

u, is a subsequence of barcode patterns;

U ,(35) (Pa) is a compression coefficient.
Qinf

INTRODUCTION

One of the important problems in the field of modern
information technologies is an issue of information sup-
port of automated relocation of objects (goods, freights,
medical supplies, documents, parcels etc.) [1]. Automated
objects relocation systems are based on using automated
identification that enables entering required data into a
computer system by its automated scanning from the ob-
ject.

High demand for automated identification is deter-
mined by the desire to improve control on objects reloca-
tion, reduce production costs, and increase its profitability
and efficiency.

Among various types of automated identification, it is
the barcoding technology [2, 3] that has been widely dis-
tributed. It happens due to the low cost of both barcode
patterns production and scanning equipment.
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Barcoding is the way to represent and store informa-
tion on a carrier using elementary discrete graphical
shapes, such as circle, ellipse, square, rectangle, hatch
(straight, oblique), triangle, polygon (hexagon, octagon)
etc. Information is represented in the form of combina-
tions of elements with different coloring.

Barcoding provides an optical way of information
scanning, including distant scanning [4, 5]. A barcode is
placed on an object surface, and it is moving along with
the object throughout its trajectory.

Since the invention of barcoding (the first patent for
the barcode was received in 1952), it has been more than
60 years, however barcoding is still considered as one of
the advanced technologies. Moreover, a lot of experts
believe that barcodes are among the most prominent dis-
coveries of the 20th century.

There is a number of barcode types which can be di-
vided into 3 main groups: linear, stack, and matrix. A few
up to several dozens of alphanumeric codes can be repre-
sented in the form of linear barcode. Several hundred
characters can be represented in the form of stack bar-
code. Up to several thousand symbols can be represented
in the form of matrix barcode. The subject of this research
is matrix barcoding.

Matrix barcode is a two-dimensional array of discrete
graphic items combined as one image. The structure of
such an array is called a barcode pattern (BC-pattern).
The majority of matrix barcodes are black-and-white.
However, in recent years there has been growing interest
in the development of multicolor matrix barcodes. The
most well-known among them are Microsoft’s High Ca-
pacity Color Barcode [6] and High Capacity Color QR
code [7].

Multicolor barcodes provide larger data density in
comparison with black-and-white equivalents; however,
they have a disadvantage, which is narrow scope of appli-
cation. This is due to as yet higher cost of color printers
compared to black-and-white printers, as well as the high
cost of consumables for color printing. Therefore, multi-
color barcodes are unable to replace black-and-white bar-
codes in all areas of applications, considering that black-
and-white printing can be more efficient than a color one
in certain use cases.

Since modern printing equipment, namely laser print-
ers, provide a high black-and-white printing quality with
the required resolution, we consider that it is appropriate
to add one more color, the gray, representation of which is
not a challenge using black-and-white printer. Thus, we
propose to create black-gray-white barcode patterns
(Fig. 1) with existing black-and-white printing equipment.
As aresult, it is expected that matrix barcode data density
will be increased.

Subsequently, let us call such black-gray-white bar-
codes a BGW-Code.

However, to achieve high rate of data density, it is es-
sential to apply a structural-logical approach for increas-
ing barcodes density, in addition to the use of the third
color.
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Figure 1 — An example of BGW-Code symbol

The object of study is the process of transforming
textual information into a barcode.

The process of a barcode symbol creation becomes
more complex because of procedure of data compressing,
which is an important part of the method proposed in the
paper. Therefore, the process of data barcoding consists of
two stages: compression of input information, and trans-
forming compressed data into a barcode symbol.

The subject of study is the methods for data com-
pression and barcode construction.

The methods being developed by authors are aimed at
providing a possibility to encode more data into a single
barcode symbol.

The purpose of the work is to develop the method of
forming barcode symbol with increased informational
density.

1 PROBLEM STATEMENT

Requirements to a barcode as a way to store and input
information are as follows:

1. Miniaturization of barcode pattern (limited area B is
allocated for a barcode pattern ; superimposing on an
item).

2. Significantly increasing capacity V of a barcode pat-
tern ; without changing its geometrical dimensions.

3. Widening the concept of a barcode pattern in order
to obtain portable data file (the barcode pattern has to
contain not only an access key to information but com-
plete information about the item).

Let us consider a problem of increasing data density
of a matrix barcode. Factors of increasing data density
could be both a number of colors g used in barcode and
the use of specific methods for data compression, which
enable increasing capacity J of a barcode pattern o; .

In this research we consider tricolor barcode, i.e.
g =3, in which black, white, and gray colors are used for

elements representation. Such tricolor barcode patterns
are easily produced by using an ordinary printer.
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Increasing data density basically means increasing of a
ratio between an initial data sequence needed to be en-
coded and a resulting sequence of barcode patterns, which
represents by a compression coefficient U.

Therefore, the formal definition of the task to be
solved in this research is as follows:

B(®;) - min
V(w;)—> max,Vi,o; € Q.

()
UPQ, ) (Py) = max

n’

Thus, in this paper we present the new method of al-
phanumeric data compression; these data are a subject of
representation in the form of black-gray-white barcode.

2 REVIEW OF THE LITERATURE

Methods of information barcoding as well as barcodes
themselves are the subject of research for many scientists.

In [8], the author presents a method to generate and
decode two-dimensional color barcode consisted of sev-
eral blocks, which are a black-and-white configuration
block that encodes auxiliary information about the bar-
code itself and a set of color data blocks that encodes ac-
tual data.

In the patent [9] it is proposed to store information de-
coded from a barcode in a form of character-based data in
an auxiliary field (e.g. a comment field).

The authors of [10] propose a new approach of decod-
ing color barcode, which does not require a reference
color palette. They describe an algorithm, in which groups
of color bars are decoded at once, what is exploiting the
fact that joint color changes can be represented by a low-
dimensional space.

A prototype for generating and reading a HCC2D
code format on both PC and mobile phones is presented
in [11]. The authors provide experimental results consid-
ering different operating scenarios and data densities in
comparison with 2-dimensional barcodes.

The authors of [12] describe a method of high capacity
color barcodes generation, which operates due to embed-
ding independent data into two different printer colorant
channels via halftone-dot orientation modulation.

In [13], an approach for localization and segmentation
of a 2D color barcode when it is read using computer vi-
sion techniques is presented. The authors develop a pro-
gressive strategy to achieve high accuracy in diverse sce-
narios and computational efficiency.

The authors in [14] propose both a system and a
method to encode and decode data in a color barcode pat-
tern using dot orientation and color separability. They
aver the method to be robust against interseparation mis-
registration with a small symbol error rate.
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COBRA system, which is a visible light communica-
tion (VLC) system for off-the-shelf smartphones, is pre-
sented in [15]. The proposed system is able to encode data
into specially designed 2D color barcodes. To achieve it,
the authors developed a new COBRA barcode optimized
for streaming between small-size screen and low-speed
camera of smartphones.

As presented, a lot of various solutions for barcoding
exist, however there still are different relevant problems
concerning data barcode representation improvement,
which requires some new approaches in data compress-
ing.

3 MATERIALS AND METHODS
A barcode symbol consists of barcode patterns. In its
turn, a barcode pattern consists of s elements, which are
matrix cells on a carrier. Each cell can be either black,
gray, or white.
We assume that maximum capacity of a barcode sym-

bol equals ¥ barcode patterns. In this case, ¥ <3°, where
3 is a number of colors and s is a number of cells in the
barcode pattern (Fig. 2). As shown in Table 1,

|4

max =3~ barcode patterns. A set of all possible barcode

patterns with a fixed s forms the multiplicity, or the al-
phabet Q of cardinality P, =3°. Let us call this alphabet
a symbolism of barcode.

The symbolism of barcode consists of informational

patterns  C;.¢ and auxiliary patterns Q, ., ie.

Q=0 UQ,,, . Capacity of informational patterns is

PQinf and capacity of auxiliary patterns is o, - Thus,

— 3S

aux

Fo  +Fo
To represent information on a carrier, we use F_ . in-
mn
formational barcode patterns.
Auxiliary patterns are used to switch between encod-

ing modes, indicate START and STOP barcode patterns
and setup a scanner.

Table 1 — Dependence of barcode pattern maximal capacity on
barcode pattern digital capacity

Maximal capacity of a
svalue | 3'value barcolie pattern, B g{Vp-eC(;fde
max
4 34 81 Very small
5 3 243 Small
6 3¢ 729 Middle
7 3 2187 Large
8 38 6561 Very large
9 3 19683 Ultra large
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s=4 s=5 s=06 s=17 s=38
4 |3 51413 6 4 71615 8| 7116 |5
21 2 |1 3 1 4 | 3|21 4 13121
8 | 7
6|5
514 716154 6 |5
4 | 3
3121 30201 4 | 3
21
2 |1

Figure 2 — Bits arrangement in a barcode pattern according to digit capacity s

Let us represent an input / long alphanumeric se-
quence T = ft,...1;, . Elements of the sequence belong to
extended ASCII, i.e. ;, € ASCII(256),i=1,2, ..., h.

Let the set ASCII be presented as the following:
ASCII = {LU DU C} where L is a letters set, D is a digits

set, and C is a special symbols set.
The sequence T divides into adjacent subsets that are
consisted of elements belonged to one of ASCII subsets:

T =wwy... W, (1)
where w; =ft,...1, is a subsequence of the input se-
quence which contains elements ¢ of only one set of
ASCII subsets, namely L, D or C. The subsequences
Wy, Wy, ..., W, can be situated in any order in the input

sequence 7.
Let alphanumeric symbols #; belong to an alphabet 4,

which belongs to ASCII, i.e. ¢; € 4, A € ASCII. Cardi-

nality of the alphabet 4 is considered to be equal P,. The
alphabet A4 corresponds with a numeric set
{0, 1, ..., P,— 1} that represents numbers of the symbols
of the alphabet 4 in the alphabet.

Now we turn the subsequence w; =ft,...t, formed

out of the symbols of the alphabet 4 into a barcode. In the
barcode form, the subsequence #t,...#, corresponds to a
subsequence u, consisted of m barcode patterns:
U, =mm,..0, where o; < Q.

In turn, the alphabet Q¢ corresponds with a numeric
set {0, 1, ..
code symbolism, which are used for representing textual
data, can be numbered from 0 to Fy .

o PRy - 1}, as barcode patterns of the bar-

The above-mentioned transformation is considered as
w > u,, ie. (fty...1,) > (00,...»,, ). Then the con-
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dition for transforming n adjacent symbols belonging to
the alphabet 4 into m barcode patterns belonging to the
alphabet Q;, ¢ (i.e. the barcode symbolism) is as follows:

n(Py)—>m(ky,, ). @)

Practically, the transformation (2) means a transforma-
tion of n-digits number in a notation P, into m-digits
number in a notation Fo_ .

The transformation (2) will be with compression if

n] logs PA[>mJ logs Pme[ and at the same time,
Py -1< Pé”mf -1 where Pj -1 and Pé”inf —1 are quanti-

tative equivalents of, correspondingly, maximal n-digits
number in a notation P, and maximal m-digits number in
a notation By . n]logs P4 is a length of the ternary
sequence, which corresponds to an alphanumeric se-
quence w; = ftp...t, .

To let n symbols long alphanumeric subsequence
w; = tty...t, be transformed into #m long barcode patterns
subsequence u, = ®®,...0,, Wwith compression, it is
necessary that the following condition is met:

Pl-1<Py -1,
inf

n] log; PA[ > m] logs o, [

It is important that ] logz Py[ =s. Thus, it is neces-

sary and sufficient condition for transforming the subse-
quence w; =tt,...t, of alphanumeric symbols from the

alphabet 4 into the subsequence w®,...®,, of barcode

patterns from the symbolism Q;  with compression:

Py <P?
A7 Oy 3)

n] log; PA[ > ms,
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where ms is a number of tricolor cells on a carrier that
represent the subsequence w .

Such a transformation is necessary for ensuring space-
keeping data representation on a carrier and increasing
data density of barcode patterns with their fixed geometri-
cal dimensions and at the same time, unchanging carrier
size.

We define a degree of input data compression as a ra-
tio of a length of ternary sequence that corresponds with
alphanumeric sequence w; to a number of cells on a car-

rier that represents subsequence w; in barcoded form and
refer to it as a compression coefficient:

( _n] 10g3 PA[
Uiy (P) = @

Thus, the data compression problem (3) consists in
finding such P, with fixed PQinf , as well as parameters n

and m, so that maximum value of U;,S) (P4) is guaran-
"

inf

teed.

4 EXPERIMENTS

Let us consider s = 7, i.e. large BGW-Code will be
considered, thereby achieving barcode symbols with ca-
pacity of 2187 barcode patterns (see Table 1). Thus, the
symbolism of the barcode comprises 2187 tricolor bar-
code patterns, each of which consists of 7 cells. The bar-
code patterns correspond to a numeric set
{0, 1, ...,2186}.

15 barcode patterns let be considered as auxiliary
ones. In this case, 2172 barcode patterns remain for repre-
senting information.

The inequality system (3) for large BGW-Code is as

follows:
1,450
T 10; 1,429
1,400
1,350
28; 1,306
1,300 30; 1,286
32; 1,257
1,250
34;1,238 | |B8; 1224 91 1,214
1200 || 16; 1,179 100; 1,190
- 46: 1,143 121; 1,143
1,100
1,050
26; 1,000
1,000 80; 1,000
10 50 110

Pl <2172™
{ 4 Q)

n]logy Py[>7m’

Now we need to solve the system (5) relatively to P,.
Only integer values are considered as solutions, and the
compression coefficient is calculated according to (4):

n|logs P
Ul () =108 Eal
sought for each P,, so as maximum compression coeffi-
cient will be achieved. Fig. 3 defines dependence of a
compression coefficient on a cardinality P,.

The Table 2 below shows some integer solutions
(P4, n, m) that provide compression of data when it is
represented as a barcode.

If w; is the subsequence of decimal numbers, maxi-
mum compression with a compression coefficient 1.429
will be achieved when each 10-digits subsequence of ad-
jacent decimal numbers corresponds with 3 barcode pat-
terns. Practically, transformation “10” — “3” means that
10-digits decimal number transforms into 3-digits number
in a notation 2172.

The alphabet P, = 28 that is composed of 16 hexa-
decimal numbers {0 — F} and 12 other random symbols,
such as letters and special characters, provides a possibil-
ity to represent hexadecimal sequences, e.g. exe-files, in
the form of barcode. In this regard, we should use the
transformation “16” — “7” where each 16-digits subse-
quence corresponds with 7 barcode patterns, which means
that 16-digits hexadecimal number is transformed into 7-
digits number in a notation 2172. With this transforma-
tion, 16-digits subsequence is compressed with a com-
pression coefficient 1.306 (see Table 2).

The alphabet P,= 267 provides a possibility to repre-
sent an input information comprised of any ASCII(256)
symbols in the form of barcode.

Such n and m values are

267; 1,179

300; 1,143

242; 1,000

160 210 260 310

Figure 3 — Dependence of a compression coefficient on a cardinality P, of the alphabet when s = 7
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In this case, the compression coefficient equals 1.179
and each subsequence consisted of 11 alphanumeric sym-
bols corresponds with 8 barcode patterns, i.e. the trans-
formation “11” — “8” means that 11-digits number in the
notation 267 transforms into §-digits number in the nota-
tion 2172.

From Fig. 3 and Table 2, we can assume that it is most
appropriate to use the following 4 compression modes for
an input alphanumeric sequence 7 (see Fig. 4):

— DNM, Decimal Numbers Mode: PA = 10, the mode
for compressing decimal subsequences,

— HNM, Hexadecimal Numbers Mode: PA =28, the
mode for compressing hexadecimal subsequences,

— TDM, Textual Data Mode: PA = 88, the mode for
compressing alphanumeric data (overall number of sym-
bols in the text shall not exceed 88),

— ASM, ASCII Symbols Mode: PA =267, the mode
for compressing subsequences composed of ASCII(256)
symbols.

To switch between the modes, switch symbols
175 —Wy1g; that corresponds to appropriate auxiliary
barcode patterns, the mode switchers, are used. For in-
stance, the mode switcher ®,;7, corresponds to the bar-

code pattern number 2172 in the barcode symbolism and
provides a transition from ASM to DNM.

Before a barcode image be plotting on a carrier, the
input alphanumeric sequence (1), which shall be repre-
sented as a barcode, is reduced to the following form:

T = owjow,...ow; , where © is a mode switcher,
we {(,02172, ceey ('02181} . Each Subsequence w; = tltz... tl‘l
is encoded under the rules of the appropriate mode.

In DNM, the following transformation is performed:

10 ) 3
S 5107 5 Y 0,2172" wheret; € {0, 1,2, ..., 9}.

i=1 r=1

In HNM, the transformation
6 7 ‘
4287 5 > 0,2172 is  performed,  where

i=l1 r=1

t e{0,1,2,...,27}.

12 . 7
In TDM, the transformation > £,88"" — > ,2172"
i=1
is performed, where ¢;€ {0, 1, 2, ..., 87}.
In ASM, the following transformation is performed:

r=1

11 8

342677 5 Y ©,2172" wheret; € {0, 1,2, ..., 266}.
i=1 r=1

As a result of these transformations, the array of num-
ber from the range 0+ 2171 is obtained instead of the
input alphanumeric sequence 7. Then, each number is
replaced by the appropriate barcode pattern from the
symbolism and is arranged on a carrier. The barcode

symbol can have either square or rectangle shape.

Table 2 — Some integer solutions of the system (5) for s =7

Cardinality of alphabet 4, Type of transformation, Compression coefficient,
P U(7) P What can be represented
4 n—m 2172( 1)
10 10 -3 1.429 Decimal numeric sequences
28 16 —»7 1.306 Hexadecimal numeric sequences
30 9 -4 1.286 . . . .
0 155 1257 Textual 1nf0rmat10ns groirriplzltstzfsof uppercase Latin-
34 1356 1238 P
88 12 -7 1.224 Textual information comprised of Latin alphabet
91 17> 10 1.214 and/or Cyrillic alphabet
100 553 1.190 Shortened ASCII(128)
267 11 —38 1.179 ASCII(256)
P, =267
ASCIl Symbols Mode
wW3z175 n - w2180
W74 w2181
w2172
Hexadecimal Numbers
P, - 88 Textt:alPati I:node Mode P, - 28
127 — 7 “1g” _, 57
w2173
w2177 w3179
w2176 w
Decimal Numbers Mode 27e
€107 “37
P,=10

Figure 4 — Interconnection between the compression modes
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The method of compression of alphanumeric informa-
tion, which is to be represented as a BGW-Code, is as
follows:

1. Taking into account the parameter V, which is the
capacity of a barcode symbol, the cardinality of the sym-

bolism Q is defined as Pq = 3" where s =] logz V| .
2. A necessary number F, — of auxiliary barcode

patterns shall be chosen. A number of informational bar-
code patterns is P =Fo—Fqo -

(s)

3. Local extrema of a compression coefficient U,
O,

inf
are found. For this purpose, the system (3) is solved with
established s and Fq . Solutions are a set of alphabet

cardinality P, values, under which a local extremum of a

(s)
£ Qinf

transformation “n” — “m” for each P, .
1

compression coefficient U is achieved, and a type of

4. A number y of the compression modes is deter-
mined, where y is a number of chosen local extrema of
the compression coefficient U;,S) . Modes transmission

inf
rules shall be defined.

5. An appropriate alphabet is formed for each mode.

6. Rules of partitioning input alphanumeric sequences
to subsequences of adjacent symbols, which consists only
of symbols of the appropriate mode alphabet, are formed.

7. Each obtained subsequence is processed by the
rules of the appropriate mode and transformed into nu-
meric form, which is a sequence of numbers from the
range 0+ Fp = —1.

The proposed method of data compression can be used
for random symbol sequences input using a keyboard.

5 RESULTS
Let us consider an input textual information consisted
of 82 ASCII symbols, which shall be represented in the
form of BGW-Code (all the data are fictional):

OLEKSIY KLYMENKO, 01/02/1990,
XX83629, 36 KHRESHCHATYK STR, ©6)
0156318044 KYIV-21 UKR.

As a result of the analysis of the alphanumeric se-
quence (6), which is conducted by the appropriate soft-
ware, the syntax analyzer, the following string is ob-
tained:

12 12 12

OLEKSIY_KLYMENKO, 01/02/1990, XX8362°

12 12 10 12 :

9, 36_KHRESHCHATYK_STR, ;1740156318044 ),,5, KYIV-21_UKR

In this string, 2 mode switchers were inserted: ®,;7¢ ,
to switch from TDM to DNM, and ;77 , to switch from
DNM to TDM.
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Each 12-digits subsequence (there are 6 such subse-
quences) shall be replaced by 7 numbers (the transforma-
tion “12” — “7”) from the range 0+ 2171, and each 10-
digits subsequence consisted of decimal numbers shall be
replaced by 3 numbers (the transformation
“10” — “3”) from the same range 0 +~2171.

Eventually, a numeric sequence comprised of 47
numbers from the range 0 + 2186 (as 2172 informational
barcode patterns with numbers 0 + 2171 and 15 auxiliary
barcode patterns with numbers 2171 + 2186 compose the
symbolism Q), including 2 mode switchers ;74 and

®5177 , which correspond to numbers 2176 and 2177, is
obtained as follows:

0202221 2111100 1212101 1012020 1221120 0200011
2021120 0110022 2212011 0010200 2100120 0110020
1000111 2102222 0000002 1201022 1100022 1001010
0020101 1010022 2200200 0000211 2221122 1012121
2002011 1202111 2022222 2022212 0101121 1210121
2020021 2220112 0210210 2002012 0122212 2222121
0001020 0101212 1212222 2222122 0012101 0210100
1002002 1212012 1202122 0212202 1100201.

To obtain a barcode symbol, each of 47 symbols shall
correspond to a barcode pattern consisted of 7 tricolor
cells (see Fig. 2).

Since a barcode symbol acquires the rectangle shape,
one more barcode pattern shall be added to 47 patterns of
the barcode: w,g, that represents Pad symbol, a place-

holder.

Thus, the barcode symbol presented in Fig. 1 com-
prised of 336 tricolor cells, as 7 x 48 barcode patterns is
equal to 336. The dimension of the barcode symbol is
16 x 21 cells.

6 DISCUSSION
Let us consider the obtained results in order to discuss
efficiency of the method.
If the textual sequence (6) consisted of 82 symbols of
the alphabet with cardinality P, = 88 is represented on a
carrier as a black-and-white barcode image, it would re-

quire 82] log, 88[ =574 black-and-white cells. If the

same sequence (6) is represented as a tricolor BGW im-
age, it would require 82] log, 88[ =410 tricolor cells. In

other words, data density of the barcode symbol increases
approximately in 574/410 = 1.4 times. It happens due to
transition from two-color to tricolor image.

As a result of the use of both three colors and the pro-
posed compression method, it takes 336 tricolor cells
(see Fig. 1) to represent the textual sequence (6).

Thus, the proposed method provides data density with
the compression coefficient 410/336 =1.22. The total
effect of the transition from two-color to tricolor image
alongside using the compression method provides com-
pression with the coefficient 574/336 = 1.708.

Increasing data density by 1.708 times is assured due
to trichromatism (1.4) and the compression method
(1.22). Indeed, 1.4 x 1.22 =1.708.
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Thus, the multicolor barcoding method proposed in
the paper allows to perceptibly increase amounts of in-
formation that can be stored in the form of barcode. In the
example above, the data density effect is up to 70%. De-
pending on the area of application and a specific use case,
it can ensure significant benefits, such as autonomous
access to large amount of actual data, instead of keeping
some general information with a link to more data, which
is much more convenient, reliable, and in some cases,
even more secure way to get information.

CONCLUSIONS

As barcodes are widely used in multiple fields of hu-
man activity, there still are various issues concerned with
encoding information. And one of such problems is bar-
coding more data using the same area of barcode graphi-
cal representation.

The scientific novelty of obtained results is that the
method of tricolor barcoding with compression is firstly
proposed. Compression is achieved due to input data
transformation into barcode patterns. The proposed trans-
formation method provides transforming a subsequence of
input characters into a shorter subsequence of barcode
patterns which will form then the resulting barcode sym-
bol. Use of three colors in the barcode ensures additional
compression due to use of ternary notation. Combination
of these two approaches allows to barcode more informa-
tion using the same area of a barcode symbol then it
would be with use of binary notation without compres-
sion.

The practical significance of the proposed method is
that more textual information can be encoded in the form
of a single barcode symbol. It can be successfully used in
various practical applications when size of the overall
barcode symbol is essential, especially when there are
quite a lot of data to be barcoded.

Prospects for further research are to study noise
immunity issue, which must be considered in order to
guarantee error-free scanning and increase reliability of
the barcode, and to extend the barcoding software to be
used in any language, not only Latin and Cyrillic alpha-
bets but also some specific alphabets, such as Korean,
Georgian, Arabic etc., and hieroglyphics.
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YHOTO yHiBepcuTeTy Ykpainu «KniBcbkuil nomitexaiqnmid inctutyT iMeHi Iropst Cikopeskoro», Kuis, Ykpaina.

Cyaema O. K. — acnipantka xadeapu nporpaMHOro 3a0e3nedeHHs] KOMII IOTepHUX cucTeM HauioHaabHOrO TEXHIYHOTO yHi-
BepcuteTy Ykpainu «KuiBcbkuii nonitexaivaui iHcTuTyT iMeHi Irops Cikopeskoroy», Kuis, Ykpaina.

AHOTAIIA

AKTyanbHicTh. Po3risiHyTO 33734y OTpUMaHHS TPHKOJIPHUX MAaTPHYHUX LITPUXOBUX KOIIB IigBHIIEHOT iH(GOpMAIIIHHOT Iiib-
HOCTI JUIsI IPE/ICTaBICHHS TeKCTOBOT iH(popMaltiil. 3anpornoHOBaHMI METOA 0a3y€eThCsl HA CTPYKTYPHO-JIOTTYHOMY MiIXO/i Ta BUKOPH-
CTaHHI TPHOX KOJIBOPIB y IITPUXKOJOBIH MO3HAUI 3aMiCTh IBOX, SIKi IIHPOKO BUKOPHCTOBYIOTHCS Y YOPHO-OUTHX IITPHXOBUX KOAAX.
Taxwif miaxix 103Bossie 30UTbIMTH iH(pOpMaNiiHy MIIIBHICTH, 30epiraloyn Ty camy IUIOUIY, IO MaB OM YOPHO-OiMMil MTPUXOBHI
KO/I.

Mertoa. 3anponoHOBaHO METOJI TPUKOIIPHOTO MaTPHYHOTO MITPUXOBOTO KOJIYBaHHS 3 yIuinbHeHHsIM. OCHOBHA i/iess MeToLy Ho-
Jsirae 'y yHiibHEHHI BXiZHOI TekcToBOi iHdopmamii Ha erami HmepeTBOpeHHs andaBiTHO-IM(PPOBOI MOCIITOBHOCTI Yy CYKYIHICTh
IITPUXKOJOBHX 3HAKIB, SKi CHOPMYIOTH PE3yJbTYIOUy IITPUXKOAOBY MO3HAUKy. Lle € MOXIMBHM 3aBASKH MPOMIKXHOMY IEPETBO-
PEHHIO BXiJJHUX CHMBOJIB 3 IOYAaTKOBOI CHCTEMH YHCIICHHS, SIKa BU3HAYAETHCS MMOTYXKHICTIO BXIAHOTO adaBiTy, y CUCTEMY YHCIICH-
Hsl, BU3HAUCHY MOTY)KHICTIO andaBiTy MITPUXKOAOBUX 3HAKIB. Bin BOOpYy modaTkoBoro andasiTy 3aje)KUTh OCTATOYHE YIIITbHEHHS,
ToMy OOpaHHA angaiTiB AT TEKCTOBOI iH(pOPMAIlii, TKa KOAY€ETHCS, € BAXKIMBUM KPOKOM MPOMOHOBAHOTO METOAy. BukopucranHs
TPBOX KOJNBOPIiB (HOPHOTO, Ciporo Ta OiIoro) 3amicTh ABOX (YOPHOTO Ta OLIOr0) TaKOXK Bifirpae 3HAUHY POJIb y MPOIECi CTBOPEHHS
IITPUXKOJOBOI MO3HAYKK 3 MiIBHIIEHOIO iH(GOpMamiiHOIO miIbHICTIO. OCKUIBKY BUKOPHCTOBYEThCS TPIiKOBa CHCTEMa UYHCIIEHH,
JpyTe IepeTBOPEHH BX1THOI MOCIIITOBHOCTI 3 MPOMDKHOI CHCTEMH YHCIIEHHS Y TPIHKOBY CHCTEMY YHCIICHHS 3a0e3medye e Oinpie
VINTBHEHHS. 3aMpONOHOBAaHUK METOJ] TO3BOJISE MPEACTABIATH OBl TEKCTOBOI iH(pOPMAIIT y BUTIISAAI OJHIET ITPHUXKOIOBOI MO-
3HAYKH, HIXXK MOYKHA [PEJICTABUTH, BUKOPHCTOBYIOYH IiIXO/H ABOKOJIPHOTO IITPUXOBOTO KOAYBaHHSI.

PesyabTaT. Po3po0ieHo Ta omucaHo METOJ TPHKOJIIPHOIO MaTPUYHOTO IITPUXOBOTO KOXYBaHHS 3 yIIinbHeHHAM. HaBeneHo
MPUKJIAJl OPAaKTUYHOTO 3aCTOCYBAaHHS METOJy Ha HaOOpi TECTOBHMX NAHUX i3 AEMOHCTPALIEIO BiMOBIAHOI TPUKONIPHOI MaTpUYHOL
IITPUXKOJIOBOI TO3HAYKHU.

Bucnosku. [IpoBeneHi B paMKax IbOTO JOCTIKEHHS €KCIIEPUMEHTH IiITBEPAMIH, IO TPOIIOHOBAHUHA MeTO 3abe3mneuye Oinb-
1y iHGopMaLiifHy IIUIBHICTH MOPIBHSAHO 3 YOPHO-OUIMMH MaTPUYHUMH INITPUXOBHMH KomaMH. [lepcrieKTHBM MOJaibIINX TOCIHTi-
JDKEHb MOXKYTb HOJISITAaTH y BUBYCHHI MTAHHS 3aBaJIOCTIMKOCTI, sika HeoOXiqHa uis 3a0e3nedeHHs 6e3OMUIKOBOIO CKaHYBaHHS Ta
iJIBUILEHOI HAAIHHOCTI IITPUXOBOrO KOJY, & TAKOXK Y PO3IIMPEHHI MPOrpaMHOro 3abGe3nedeHHs Julsl IITPUXOBOrO KOIYBaHHS Ha
IHIIII MOBH Ta HETHITIOBI ai(haBiTH.

KJIFOUYOBI CJIOBA: 3axuct TekcToBOi iH(opMaii, aBTOMaTHYHE BBEACHHS IaHUX, LITPUXOBE KOAYBaHHS, MAaTPHUHI IITPHXO-
Bi KOJIM, TPUKOJMIPHI LITPUXOBI KOJIM, LITPUXOBI KOIM Y TPAAIEHTI CIpOro, YOPHO-Cipo-Oisli MITPUXOBI KOJH.
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Omnaii H. B. — kana. TexH. HayK, TOUEHT Kadeapsl MPOrpaMMHOTO 00eCTIeYeHHsT KOMITBIOTEPHBIX cHCTeM HalmoHampHOTO Tex-
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AHHOTALUA

AKTyabHOCTB. PaccMoTpeHa 3a1a4a MoTy4YeHHs TPEXLBETHBIX MATPUUHBIX LITPHXOBBIX KOJOB C MOBBIICHHOH HH(OPMAIMOH-
HO#{ TUTOTHOCTBIO JUTS NIPEJCTABICHUs TeKCTOBOH nHpopMaruu. [Ipe/uioxkeHHbIH METO/I OCHOBBIBACTCS HA CTPYKTYPHO-JTOTHYECKOM
MO/IX0/IC U Ha HCIIOJIL30BAHMHM TPEX LBETOB B IITPUXKOZOBOM H300paKEHHH BMECTO IBYX, KOTOPBIE IIMPOKO MCIIOJIB3YIOTCS B Uep-
HO-0ebIX MITPUXOBBIX KoJax. Takoi MOAXOM MO3BOJISET YBEIWYNUTHh MH()OPMAIMOHHYIO INIOTHOCTB, COXpAHSS Ty K€ CaMylo ILIO-
majab, KOTOPYIO 3aHMMaJl OBl YepHO-OEIIBI ITPUXOBOH KOZ.

Merton. [IpenoxeH MeTOA TPEXLBETHOTO MaTPUYHOIO ITPUXOBOTO KOJUPOBAHMS cO cokatueM. OCHOBHAS MIesl METO/a 3aKIII0-
YaeTcsl B CXKaTHU BBEIICHHON TEKCTOBOM MH(pOpPMaLMK Ha dTamne NpeBpalleHus anaBUTHO-IU(POBON MOCIEIOBATEIEHOCTH B COBO-
KYIHOCTb IITPUXKOIOBBIX 3HAKOB, KOTOPbIe (JOPMHUPYIOT KOHEYHOE IITPUXKOJOBOE M300pakeHHe. DTO BO3MOXKHO Oyaropaps mpo-
MEXYTOYHOMY HPEeOoOPa30BaHUIO BXOASAIIMX CHMBOJOB M3 HCXOJHOM CHCTEMbI MCUHCIICHUS, KOTOPas ONPEIENACTCS MOLIHOCTBIO
BXOJLIero anaBuTa, B CHCTEMY MCUMCICHHS, ONPEICICHHYI0 MOIIHOCTBIO anaBUTa MITPUXKOJOBHIX 3HaKOB. OT BBIOOpA HCXO.-
HOro ajdaBuTa 3aBUCUT OKOHYATEIBHOE CXKATHE, I0ATOMY BBIOOD ai(aBUTOB I KOAUPYEMOI TEKCTOBOW MH(OpMAIMHU SBIISETCS
BaXHBIM IIIATOM HPEATIOKEHHOTO MeToa. VICIoNnb30BaHne TpeX BETOB (YEPHOTO, CEPOTO M OENIOro) BMECTO ABYX (YEPHOTO M Oero-
T0) TAaK)XXe UTpaeT HEMAJIIOBAXKHYIO POJIb B IIpolecce (JOPMUPOBAHUS IITPHUXKOAOBOTO H300pasKeHUsSI C ITOBBIIIEHHOW HH(OPMAIMOH-
HOH IUIOTHOCTEIO. ITOCKONBKY MCIIONB3yeTcs TPOMYHASI CHCTEMa MCUHCIICHUS, BTOPOE NpeoOpa3oBaHe BXOSIIEH IOCIeI0BaTeb-
HOCTHU U3 IIPOMEXYTOYHOH CHCTEMBI HCUMCIICHHSI B TPOUYHYIO CHCTEMY HCUHCIIEHHUs oOecreunBaert enie Oonpliee cxarue. [Ipemno-
JKEHHBIH METOJ{ MO3BOJISIET MPEJCTaBIATh OOJBIIOE TEKCTOBOM MH(OPMAIMHU B BUJE OJHOTO LITPUXKOJOBOTO M300pa)KeHHs, YeM
MOXKHO HPEJICTABUTh, UCIIOJIb3YS MOAXO/bI ABYXLBETHOTO IITPUXOBOIO KOJAUPOBAHHS.

PesyabTarbl. Pa3paboTaH 1 OIMCAaH METOJ TPEXLBETHOIO MaTPUYHOTO LITPHUXOBOTO KOAUPOBAHMS CO CxxkaTHeM. [IpuBeneH mpu-
Mep HPaKTHYECKOro MCIOJIb30BaHMS METO/a Ha HabOpe TECTOBBIX JaHHBIX C JIEMOHCTPAIMEH COOTBETCTBYIOLIETO TPEXIBETHOTO
MAaTpPHYHOTO IITPUXKOZTO0BOIO H300pAKEHHUSI.
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BriBoasl. [IpoBeneHHEIE B paMKax 3TOTO HCCIEJOBAHUS SKCIEPUMEHTHI TOATBEPAMIN, YTO NPEIOKEHHBIH MeTo obecneynBa-
eT 0O0JBUIYI0 MHPOPMALMOHHYIO IUIOTHOCTh I10 CPaBHEHHUIO C YEPHO-OENBIMH MAaTPUYHBIMH LITPUXOBBIMHU Kopamu. IlepcrieKTHBBI
JAaJbHEHUIINX UCCICAOBAHUN MOTYT 3aKJIIOUaThCsl B U3YUYEHHH BOIPOCA IIOMEXOYCTOMYMBOCTH, KOTOpas HeoOxoanma Juis obecnede-
HUA 0€301IHMO0YHOr0 CKAHMPOBAHUS U MOBBILICHHOH HAJIGAKHOCTH IITPUXOBOTO KOJA, @ TAKKE B PACIIMPEHUH IIPOrPaMMHOr0 obec-
MEYHT U IS LITPHXOBOTO KOJUPOBAHUS HA JIPYTUE SI3bIKU U HETHIIMYHbIC a1(haBUTBI.

KJIFOYEBBIE CJIOBA: 3ammrta TeKCTOBOM HH(POPMAIIH, aBTOMATHUECKHHA COOp AaHHBIX, IITPUXOBOE KOAUPOBAHNE, MATPHY-
HbIC IITPUXOBBIC KOJBI, TPEXIBETHbIC IITPUXOBBIC KOJbI, IITPHXOBBIC KOJABI B TPAJHEHTE CEPOro, YEPHO-CEPO-OENble IITPUXOBBIC
KOJIBL.
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