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The article is devoted to the analysis of methods of recognition and generation of QR/bar

codes in mobile applications. The most common algorithms for detecting and generating

codes are considered: Otsu method, Reed-Solomon codes, binary coding algorithm, Orazio

Gallo and Roberto Manduchi approach. In this article, it is proposed to use an algorithm

based on these approaches, which is refined and used for the software implementation of

the mobile application. The main stages of the recognition process in the work are: converting

a color image into gray shades (using the pixel hue difference method); gray image

binarization (Otsu algorithm); using affine transformations to preserve parallelism, which

includes rotation, stretching, shifting, scaling. The main stages of the generating process

for QR codes are: processing and reduction to the standard form for QR codes; the process

of generating a binary string (in the work data of only numerical and symbolic types was

considered); counting the total number of characters in the source string and converting

the decimal number to a binary representation; determining the length of the generated

binary string according to the Denso Wave standard (the encoding of character types is

different); determining the required length of the final binary string; auxiliary tokens are

concatenated; generation of Reed-Solomon error correction codes. Three types of bar

codes are considered: code 128, code 39, and EAN 13. The last type was used. A bar code

scanner includes two steps for automatically scanning all bar codes: finding the location of

the bar code, bar code decoding. To localize the image and the bar code that is captured

by the system, the algorithm of Orazio Gallo and Roberto Manduchi is used. In order to

obtain a smoothed map, a block filter of a certain size was used, taking into account the

size of the input code image. In addition to the code localization, it is cut off: the intensity

of each pixel is taken into account, and the lines of the bar code (pixels with an intensity

greater than zero) are highlighted. An image with improved contrast is converted to binary

form, and to convert to an ideal image, each image column is scanned and checked for the

maximum number of pixels with an intensity of zero or one. This article focuses on

describing the edge detection process. The decoding algorithm uses an array of code width

bands. All the above approaches and algorithms based on them are implemented as a

mobile application for recognition and generation of codes.

Keywords: recognition, generation, binarization, affine transformations, bar code.

DOI: 10.32434/2521-6406-2019-5-1-36-42

Formulation of a problem

A sufficient amount of works has been devoted
to recognition of texts [1], labels and barcodes. The
use of QR codes (Quick Response code) in everyday
life opens up new opportunities: to establish a
connection between hyperspace and real life, using
modern technologies for transmitting digital data
streams and methods of indirect information transfer.
QR codes are often used for commercial tracking,
travel tickets, storage of personal information, etc.

As is well known, bar codes are read with
scanners that use laser beams. Currently, smartphones
can also be used as scanning devices for QR codes.
This is a very simple, easy and convenient way to
access specific URLs or websites. The fact that there
is no need to manually enter the URL provides a
better conversion, and therefore it is good for
marketing purposes and more.

Quite contradictory requirements are put
forward for QR codes: the code must store a huge
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amount of necessary information, however, at the
same time occupy a small area. In addition, if the
information is damaged, then it should be easily
restored. In this case, the code must have a high
recognition rate, despite the fact that some of it may
be missing. Obviously, it is quite convenient and
practical to scan information using mobile phones
where a recognition program is installed. Obviously,
the development of free mobile applications for
recognition and generation of codes is relevant.

Analysis of recent research and publications

It should be noted that, despite the practical
application of codes and the relevance of their use,
there are not so many works on their detection and
generation. As you know, the concept of a QR code
first appeared in Japan in 1994: a code standard was
developed and presented to track the different stages
of Toyota production at its enterprises. Due to
simplicity, the popularity of QR codes has increased,
which made it possible to use these two-dimensional
codes in all spheres of human life [2]. The most
common is the algorithm proposed by Otsu,
calculating the binarization threshold for a halftone
image, which is used in the field of computer pattern
recognition and image processing to produce black
and white images [3].

One approach to decoding bar codes was
proposed by Orazio Gallo and Roberto Manduchi.
The method is based on deformable patterns and
uses all the information about the gray level of each
pixel. They presented a new bar code decoding
algorithm (localization and reading) that can work
with blurred, noisy images and low-resolution
images [4].

In the general case, when generating noise-
proof codes (Reed-Solomon), multiplication and
division of polynomials into each other is used [5].
The algorithm proposed by Luping Fang and Chao
Xie can detect a bar code area even against a complex
background using image analysis based on areas.
Unlike traditional image analysis based on regions,
the algorithm is processed using an integral image.
It can work with images that are blurred, contain
obliquely arranged barcode areas and are shot under
different lighting conditions. The fast and reliable
way to detect a noisy barcode is offered by Xianyong
Fang [6–8].

Formulation of the objectives of the article

(problem statement)

The paper discusses the methods of recognition
and generation of QR / bar codes that are available
in the public domain and analyzes them. An aim of
the work is to develop an algorithm for generating
and detecting codes, on the basis of which a mobile

application is created. In this case, special attention
is paid to the performance of the developed algorithm.

Presentation of the main research material

As is known, the use of two-dimensional bar
codes is that the printed code is transmitted to the
object, then read using a mobile device that has a
functioning camera and installed necessary software
that will decode the bar code itself.

The QR code detection algorithm presented in
this work consists of several stages: searching for
outlines in the image; contour approximations; search
for suitable quadrangles; FP block ratio checker
(Finder Pattern).

There are not many programs that read and
decode QR codes, they are all implemented using a
simple code detection algorithm on the image
obtained from the camera, after which a simple
procedure for information decoding takes place. And
all this requires a completely clear positioning of the
selected area on the device and a special arrangement
of QR codes, the area must exactly coincide with
sides of QR codes. That is, the user needs to
independently focus on a necessary QR code and
control that the area for QR code scanning coincides
with the decoded QR code itself.

Let us dwell on the important points of this
process. First of all, you need to convert a color
image into an image with gray shades. A method
based on the difference in the illumination of pixels
is used. It is a modifiable analogue of the method of
averaging values of the three components of each
pixel [2]. Calculated by the formula:
P[i][j]=(R+G+B)/3.

For this work, the selected coefficients of color
components are: Pnew=0.21R+0.71G+0.07B.

The result will be the calculation of all pixels
in the image by the formula, after which a new image
only in shades of gray is obtained.

For binarization of the image, the Otsu method
is used, where the image forms a bimodal histogram.
Next, the optimal threshold is computed, which
divides the two classes so that their intragroup
dispersion tends to the minimum value. The method
is described in a way below [3].

Let q1 and q2 be the probabilities of each class,
which were calculated using the formulas:
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Dispersion for each of the classes is determined
as follows:
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The mean value of each class is calculated:
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In order to get a result you need to maximize
the following equation:
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As a result, the required threshold was obtained,
by which it is possible to divide the histogram into
two classes and to assign the pixels of the smaller
class to zeros, and to the pixels of the other class to
ones. Thus, the binarized image is obtained and
proceed to the next stage.

As is known, affine transformations retain
parallelism. The full group of affine transformations
consists of four transformations:

– turn;
– stretching;
– shift;
– scaling.
Transformations of this group can be written

in different ways, for example, [4].
The process of coding QR codes is divided into

several main stages. The process, which is
implemented in this work, is described below.

The first stage is that a string with input data is
processed and reduced to the standard form for QR
codes.

After the string with the initial data is received,
the process of generating a binary string begins. Four
technical bits are added to the beginning of the binary
string X, which are determined based on the data
type being encoded. The list of possible combinations

includes: 0001 – numeric data, 0010 – alphanumeric
data, 0100 – binary information, 1000 – special
Japanese characters. In order to simplify the process
of displaying the results, only numerical and symbolic
data were considered in the paper.

In the next generation step, the total number
of characters in the source string is calculated and
the decimal number is converted to a binary
representation. It is necessary to determine a length
of the generated binary string according to the Denso
Wave standard.

In order to encode a character data type, the
source string must be broken into pairs of characters.
Then you need to know the value from the ASCII
table for the first character in each of the pairs, this
value is multiplied by the number 45, then the value
is taken according to the same ASCII table for the
second character in each of the pairs. These two
values are summed, and each pair of symbols has its
own numerical value. The resulting numbers must
be sequentially represented as 11-bit numbers in
binary form. If the line contains an odd number of
characters, then the value for this character from
ASCII is taken and converted to a 6-bit binary
number. All received blocks are also concatenated
with the generated string X on the right side.

After completing the described steps, it is
necessary to refer to the version table of Denso Wave
again, and to determine the required length of the
final binary string. If the length of the string X is less
than required, then from the right side from 1 to
4 bits are added (depending on how many characters
are missing). The generated string X is divided into
8-bit tokens (blocks) and, if the last block is less
than 8 bits, then zeros are appended to it on the
right side.

At the final stage of generating a binary string,
auxiliary tokens are concatenated with string X. In
case the generated string is smaller than required
(according to the version table), eight bit blocks are
added to the end of the generated string in turn,
until the required number of bits is reached: 11101100
and 00010001. When the generated string contains
the required number of bits, the binary string is
considered to be finally generated and can be used
in the next steps of generating QR codes.

Next, go to the generation of Reed-Solomon
codes for error correction. As noted earlier, in general
case, when generating Reed-Solomon codes, the
multiplication and division of polynomials are used.
For example, if polynomial A is a code word
(generated on the basis of the binary string obtained
in the previous step), and B is an irreducible
polynomial that is known to both sides exchanging
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information, then their multiplication will generate
a new polynomial C.

This process means that when the transmitted
message is received, the process of decoding it will
be to divide the polynomials by each other. If the
division of a polynomial C by a polynomial B leaves
a remainder, then a transmitted message contains
an error. The remainder of the division forms a
polynomial syndrome, through which you can find
out the damaged bits. In addition, in some cases,
you can correct a certain number of errors in the
received message. If the degree of polynomial B
differs from the degree of polynomial A by at least
two, then it is possible not only to determine the
presence or absence of an error in the transmitted
message, but also to correct some of them. In this
case, the following equation (where k is the degree
of the polynomial; t is the maximum value of possible
corrections) shows that the redundancy of Reed-
Solomon codes is: k=2t.

The process of generating Reed-Solomon codes,
their encoding and decoding, is described in the
appendix of the QR codes specification [5]. As a
result of generating a string using Reed-Solomon
codes for the original message, a set of decimal values
will be generated. They need to be converted to binary
format and concatenated with the source line on
the right side. The result of all the previous steps
will be a string in binary format containing the original
message data plus Reed-Solomon codes in order to
provide the possibility of error correction in the
decoded message. Using Reed-Solomon codes, code
words are generated in order to recover errors when
reading information from a QR code. Then they are
combined with the original message, which was
generated at the first stage of the algorithm. The
result will be one line containing a certain number
of bits according to the specification. At this stage,
the QR code has not yet been formed. Next, we
analyze how the two-dimensional representation of
a QR code is generated. To begin with, a standard
QR code pattern is generated, which contain all the
necessary technical bits needed to define auxiliary
information. Such standard template is the basis of
any QR code. This template always includes three
positioning markers located in an upper left and right
corner, as well as in a lower left corner of a template.
In addition, all the templates contain special Timing
Patterns (alternating white and black pixels), which
serve to pre-determine the version of the QR code.

With a known version of the QR code and a
level of error correction, and in the presence of all
the technical primitives in the template, the filling
of the template of the QR code with previously

generated information begins. The process of adding
bits of the original message to the matrix is as follows:
first, the first pixel (a color is selected according to
the value of the bit) is located in the lower right-
most corner of the template. The second pixel is
added to the left of the first on the same line. The
next pair of bits is located on top, similar to the first
two. This is how the entire template column is filled.
When the filled column has reached the top of the
template, the process begins anew, but from the first
free cell located on the top-right (the same process,
but only from the bottom upwards), as well as the
first column. Thus, the entire QR code template is
filled. The received QR code is not fully completed
at this stage. In order to complete the code generation
process, it is necessary to apply special masks and
calculate penalty values from the received QR codes.
According to the specification, it is necessary to
generate eight different types of QR codes based on
the newly generated one. Each of these eight codes
is defined by its formula, presented in the table.

Each of the formulas presented is used to
determine whether a pixel located with certain indices
should be replaced with the opposite value.

A bar code is a visual display of information in
the form of stripes and gaps on the surface. Stripes
and spaces can be of different widths and consist of
numbers, symbols. Today, different types of bar codes
are used (code 128, code 39 and EAN 13) [6–8]. In
this case, EAN 13 is used.

Formulas for generating eight codes

Mask Pattern Condition 

0 (i+j) mod 2=0 

1 i mod 2=0 

2 j mod 3=0 

3 (i + j) mod 3=0 

4 ((i div 2)+(j div 3)) mod 2=0 

5 (i j) mod 2+(i j) mod 3=0 

6 ((i j) mod 2+(i j) mod 3) mod 2=0 

7 ((i j) mod 3+(i+j) mod 2) mod 2=0 

 

Here i is the row index, j is the column index.
The BAR code scanner includes several bar

code scanning steps:
– finding the location of the bar code;
– bar code decoding.
The numbers are divided into three groups, that

is, they form three different sets of numbers. The
first group is encoded using a scheme, where each
digit has two possible codings: one with even parity
and the other with odd parity. The first digit is
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encoded with the choice of pattern. Each digit in
the last group of six digits is encoded using one set
of column patterns that are used for the Universal
Product Code (UPC). When the first digit is zero,
then the digits in the first group of six are encoded
using patterns that are used for the UPC; because of
this, the UPC bar code is treated as an EAN-13 bar
code with the first digit shown as zero [6].

In this paper, the algorithm by Roberto
Manduchi and Orazio Gallo was chosen, which states
that the bar code image is captured by the camera in
such way that the vertical axis is parallel to the stripes.
Also, this image is transformed into an image in a
gray tint [7]. It is necessary to calculate the horizontal
and vertical derivatives Ie(n) and Iy(n) for each pixel
n, then they are combined in a non-linear way, which
is calculated by the formula: Ie(n)=|Ix(n)–|Iy(n)|.

It is possible to suggest that the majority of
points in the bar code must have a large Ie(n) value.
To achieve it, a block filter of size 31´31 is used over
Ie(n), and a smoothed map Is(n) is obtained.

The filter size is selected from the size of the
incoming bar code image and the smallest bar code
size. As a result, the binary form Is(n) is presented
with a threshold, which is calculated using the simple
Otsu method, and the output image. Next, the pixel
No is selected, which tends to the maximum Is(n).
The vertical and horizontal line extends from No
and a rectangle is formulated, which has sides parallel
to the axes of the bar code image.

As is well known, when a bar code is scanned,
unnecessary information that surrounds it enters the
camera. Therefore, when the process of localization

of the bar code passes, the information surrounding
it will be deleted (the pixels are zero). The image is
then cropped: the lines of the bar code are highlighted
(the pixels are greater than zero).

Since an image can be distorted in real time, it
needs to be converted to perfect. To do this, you
need to check each column for the maximum number
of pixels with an intensity of zero or one. If a column
has more pixels with one, then the column needs to
be converted to pixels with intensity of one. In order
to detect edges, you need to create an array of edges
that forms the edges of the bar code image strips.
The bandwidth is calculated by subtracting the
successive elements of the array of edges (the
bandwidth is the input to the decoding).

Decoding occurs in such a way that the bar
code number is decoded using an array of width
bands. The first digit does not change (because the
first digit is the country code, it will not change).
The first group, which includes six digits, is encoded
as LGLGGL, and the remaining group, which also
consists of six digits, is encoded as RRRRR (the
black and white columns alternate where white is
zero and black is one) [7].

All of the above is implemented as a mobile
application, some of the results of its use are shown
in the figure.

Results and conclusions

The article describes an approach to developing
a mobile application for recognizing and decoding
QR/bar codes.

As a result, the following tasks were solved:
– algorithms for the transformation of

Windows of the mobile application «Recognition and generation of QR/bar codes»
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geometric objects on the plane, coding and decoding
of QR/ bar codes, recognition and image processing
were studied;

– algorithms for the selection of QR/bar code
in the image;

– algorithms necessary for converting QR codes
to standard form using affine transformations are
presented;

– implemented QR/bar code decoding
algorithm;

– developed a mobile application based on the
described algorithm.
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ÐÎÇÏ²ÇÍÀÂÀÍÍß ÒÀ ÃÅÍÅÐÀÖ²ß QR/BAR-ÊÎÄ²Â Ó
ÌÎÁ²ËÜÍÈÕ ÄÎÄÀÒÊÀÕ

Íèêîíåíêî Î.Ì., Êîðîòêà Ë.².

Ñòàòòÿ ïðèñâÿ÷åíà àíàë³çó ìåòîä³â ðîçï³çíàâàííÿ òà
ãåíåðàö³¿ QR/bar êîä³â â ìîá³ëüíèõ äîäàòêàõ. Ðîçãëÿíóòî
íàéá³ëüø ïîøèðåí³ àëãîðèòìè äåòåêòóâàííÿ ³ êîäóâàííÿ êîä³â:
ìåòîä Îöó, êîäè Ð³äà-Ñîëîìîíà, àëãîðèòì äâ³éêîâîãî êîäó-
âàííÿ, ï³äõ³ä Îðàö³î Ãàëëî ³ Ðîáåðòî Ìàíäó÷³. Ó ðîáîò³ ïðîïî-
íóºòüñÿ âèêîðèñòîâóâàòè àëãîðèòì, ÿêèé áàçóºòüñÿ íà çàçíà-
÷åíèõ ï³äõîäàõ, òà, ÿêèé äîîïðàöüîâàíî ³ âèêîðèñòàíî äëÿ ïðî-
ãðàìíî¿ ðåàë³çàö³¿ ìîá³ëüíîãî äîäàòêó. Îñíîâíèìè åòàïàìè
ïðîöåñó ðîçï³çíàâàííÿ â ðîáîò³ º: êîíâåðòàö³ÿ êîëüîðîâîãî çîá-
ðàæåííÿ ó â³äò³íêè ñ³ðîãî (âèêîðèñòîâóºòüñÿ ìåòîä ð³çíèö³
â³äò³íê³â ï³êñåë³â); á³íàðèçàö³ÿ ñ³ðîãî çîáðàæåííÿ (àëãîðèòì
Îöó); âèêîðèñòàííÿ àô³ííèõ ïåðåòâîðåíü äëÿ çáåðåæåííÿ ïà-
ðàëåëüíîñò³, ÿê³ âêëþ÷àþòü ïîâîðîò, ðîçòÿãíåííÿ, çðóøåííÿ,
ìàñøòàáóâàííÿ. Îñíîâíèìè åòàïàìè ïðîöåñó ãåíåðàö³¿ QR-êîä³â
º: îáðîáêà ³ ïðèâåäåííÿ äî ñòàíäàðòíîãî äëÿ QR êîä³â âèäó;
ïðîöåñ ãåíåðàö³¿ á³íàðíèõ ðÿäê³â (â ðîáîò³ ðîçãëÿäàëèñÿ äàí³
ò³ëüêè ÷èñåëüíîãî ³ ñèìâîëüíîãî òèï³â); ï³äðàõóíîê çàãàëüíî¿
ê³ëüêîñò³ ñèìâîë³â ó çàäàíîìó ðÿäêó ³ ïåðåòâîðåííÿ äåñÿòêî-
âîãî ÷èñëà â á³íàðíå íàäàííÿ; âèçíà÷åííÿ äîâæèíè á³íàðíîãî
ðÿäêà, ùî ãåíåðóºòüñÿ, â³äïîâ³äíî äî ñòàíäàðòó êîìïàí³¿ Denso
Wave (êîäóâàííÿ ñèìâîëüíèõ òèï³â çä³éñíþºòüñÿ ³íàêøå); âè-
çíà÷åííÿ íåîáõ³äíî¿ äîâæèíè ê³íöåâîãî á³íàðíîãî ðÿäêà; äî-
ïîì³æí³ òîêåíè êîíêàòåíóþòüñÿ; ãåíåðàö³ÿ êîä³â Ð³äà-Ñîëî-
ìîíà äëÿ êîðåêö³¿ ïîìèëîê. Â ðîáîò³ ðîçãëÿíóò³ òðè òèïè
øòðèõ-êîä³â: êîä 128, êîä 39 ³ EAN 13. Âèêîðèñòàíî îñòàíí³é
òèï. Ñêàíåð øòðèõ-êîäó âêëþ÷àº â ñåáå äâà êðîêè äëÿ àâòî-
ìàòè÷íîãî ñêàíóâàííÿ âñ³õ øòðèõ-êîä³â: çíàõîäæåííÿ ðîçòà-
øóâàííÿ øòðèõ-êîäó; äåêîäóâàííÿ øòðèõ-êîäó. Äëÿ ëîêàë³çàö³¿
çîáðàæåííÿ øòðèõ-êîäó, ÿêèé çàõîïëþºòüñÿ ñèñòåìîþ, âèêî-
ðèñòàíèé àëãîðèòì Îðàöèî Ãàëëî ³ Ðîáåðòî Ìàíäó÷³. Ç ìåòîþ
îòðèìàííÿ çãëàäæåíî¿ êàðòè, âèêîðèñòàíî áëîêîâèé ô³ëüòð
ïåâíîãî ðîçì³ðó ç óðàõóâàííÿì ðîçì³ðó âõ³äíîãî çîáðàæåííÿ êîäó.
Êð³ì ëîêàë³çàö³¿ êîäó, âèêîíóºòüñÿ éîãî îáð³çêà: ðîçãëÿäàºòüñÿ
³íòåíñèâí³ñòü êîæíîãî ï³êñåëÿ ³ âèä³ëÿþòüñÿ ðÿäêè øòðèõ-
êîäó (ï³êñåë³ ç ³íòåíñèâí³ñòþ á³ëüøå íóëÿ). Çîáðàæåííÿ ç ïîë³ï-
øåíîþ êîíòðàñòí³ñòþ ïåðåòâîðþºòüñÿ â äâ³éêîâó ôîðìó äëÿ
ïåðåòâîðåííÿ â ³äåàëüíå çîáðàæåííÿ, êîæåí ñòîâïåöü çîáðà-
æåííÿ ñêàíóºòüñÿ ³ ïåðåâ³ðÿºòüñÿ íà ìàêñèìàëüíó ê³ëüê³ñòü
ï³êñåë³â ç ³íòåíñèâí³ñòþ íóëü àáî îäèíèöÿ. Â ðîáîò³ îêðåìó
óâàãó ïðèä³ëåíî îïèñó ïðîöåñó âèÿâëåííÿ ãðàíèöü çîáðàæåííÿ.
Àëãîðèòì äåêîäóâàííÿ âèêîðèñòîâóº ìàñèâ ñìóã øèðèíè êîäó.
Âñ³ âèùå âèêëàäåí³ ï³äõîäè òà íà ¿õ îñíîâ³ àëãîðèòìè, ðåàë³çî-
âàí³ ó âèãëÿä³ ìîá³ëüíîãî äîäàòêó ðîçï³çíàâàííÿ òà ãåíåðàö³¿
êîä³â.

Êëþ÷îâ³ ñëîâà: ðîçï³çíàâàííÿ, ãåíåðàö³ÿ, á³íàðèçàö³ÿ,
àôô³ííå ïåðåòâîðåííÿ, øòðèõ-êîä.

ÐÀÑÏÎÇÍÀÂÀÍÈÅ È ÃÅÍÅÐÀÖÈß QR/BAR-ÊÎÄÎÂ Â
ÌÎÁÈËÜÍÛÕ ÏÐÈËÎÆÅÍÈßÕ

Íèêîíåíêî À.Í., Êîðîòêàÿ Ë.È.

Ñòàòüÿ ïîñâÿùåíà àíàëèçó ìåòîäîâ ðàñïîçíàâàíèÿ è
ãåíåðàöèè QR/bar êîäîâ â ìîáèëüíûõ ïðèëîæåíèÿõ. Ðàññìîò-
ðåíû íàèáîëåå ðàñïðîñòðàíåííûå àëãîðèòìû äåòåêòèðîâàíèÿ
è êîäèðîâàíèÿ êîäîâ: ìåòîä Îöó, êîäû Ðèäà-Ñîëîìîíà, àëãî-
ðèòì äâîè÷íîãî êîäèðîâàíèÿ, ïîäõîä Îðàöèî Ãàëëî è Ðîáåðòî
Ìàíäó÷è. Â ðàáîòå ïðåäëàãàåòñÿ èñïîëüçîâàòü àëãîðèòì, áà-
çèðóþùèéñÿ íà óêàçàííûõ ïîäõîäàõ, êîòîðûé äîðàáîòàí è èñ-
ïîëüçîâàí äëÿ ïðîãðàììíîé ðåàëèçàöèè ìîáèëüíîãî ïðåäëîæå-
íèÿ. Îñíîâíûìè ýòàïàìè ïðîöåññà ðàñïîçíàâàíèÿ â ðàáîòå ÿâ-
ëÿþòñÿ: êîíâåðòàöèÿ öâåòíîãî èçîáðàæåíèÿ â îòòåíêè ñåðîãî
(èñïîëüçóåòñÿ ìåòîä ðàçíîñòè îòòåíêîâ ïèêñåëåé); áèíàðèçà-
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öèÿ ñåðîãî èçîáðàæåíèÿ (àëãîðèòì Îöó); èñïîëüçîâàíèå àô-
ôèííûõ ïðåîáðàçîâàíèé äëÿ ñîõðàíåíèÿ ïàðàëëåëüíîñòè, êîòî-
ðûå âêëþ÷àþò ïîâîðîò, ðàñòÿæåíèå, ñäâèã, ìàñøòàáèðîâà-
íèå. Îñíîâíûìè ýòàïàìè ïðîöåññà ãåíåðàöèè QR-êîäîâ ÿâëÿ-
þòñÿ: îáðàáîòêà è ïðèâåäåíèå ê ñòàíäàðòíîìó äëÿ QR êîäîâ
âèäó; ïðîöåññ ãåíåðàöèè áèíàðíîé ñòðîêè (â ðàáîòå ðàññìàò-
ðèâàëèñü äàííûå òîëüêî ÷èñëåííîãî è ñèìâîëüíîãî òèïîâ); ïîä-
ñ÷åò îáùåãî êîëè÷åñòâà ñèìâîëîâ â èñõîäíîé ñòðîêå è ïðåîá-
ðàçîâàíèå äåñÿòè÷íîãî ÷èñëà â áèíàðíîå ïðåäñòàâëåíèå; îïðå-
äåëåíèå äëèíû ãåíåðèðóåìîé áèíàðíîé ñòðîêè ñîãëàñíî ñòàí-
äàðòó êîìïàíèè Denso Wave (êîäèðîâàíèå ñèìâîëüíûõ òèïîâ
îñóùåñòâëÿåòñÿ èíà÷å); îïðåäåëåíèå íåîáõîäèìîé äëèíû êîíå÷-
íîé áèíàðíîé ñòðîêè; âñïîìîãàòåëüíûå òîêåíû êîíêàòåíèðó-
þòñÿ; ãåíåðàöèÿ êîäîâ Ðèäà-Ñîëîìîíà äëÿ êîððåêöèè îøèáîê.
Â ðàáîòå ðàññìîòðåíû òðè òèïà øòðèõ-êîäîâ: êîä 128, êîä 39
è EAN 13. Èñïîëüçîâàí ïîñëåäíèé òèï. Ñêàíåð øòðèõ-êîäà
âêëþ÷àåò â ñåáÿ äâà øàãà äëÿ àâòîìàòè÷åñêîãî ñêàíèðîâàíèÿ
âñåõ øòðèõ-êîäîâ: íàõîæäåíèå ìåñòîïîëîæåíèå øòðèõ-êîäà;
äåêîäèðîâàíèå øòðèõ-êîäà. Äëÿ ëîêàëèçàöèè èçîáðàæåíèÿ
øòðèõ-êîäà, êîòîðûé çàõâàòûâàåòñÿ ñèñòåìîé, èñïîëüçîâàí
àëãîðèòì Îðàöèî Ãàëëî è Ðîáåðòî Ìàíäó÷è. Ñ öåëüþ ïîëó÷å-
íèÿ ñãëàæåííîé êàðòû, èñïîëüçîâàí áëî÷íûé ôèëüòð îïðåäå-
ëåííîãî ðàçìåðà ñ ó÷åòîì ðàçìåðà âõîäíîãî èçîáðàæåíèÿ êîäà.
Ïîìèìî ëîêàëèçàöèè êîäà, âûïîëíÿåòñÿ åãî îáðåçêà: ðàññìàò-
ðèâàåòñÿ èíòåíñèâíîñòü êàæäîãî ïèêñåëÿ è âûäåëÿþòñÿ ñòðîêè
øòðèõ-êîäà (ïèêñåëè ñ èíòåíñèâíîñòüþ áîëüøå íóëÿ). Èçîá-
ðàæåíèå ñ óëó÷øåííîé êîíòðàñòíîñòüþ ïðåîáðàçóåòñÿ â äâî-
è÷íóþ ôîðìó è äëÿ ïðåîáðàçîâàíèÿ â èäåàëüíîå èçîáðàæåíèå,
êàæäûé ñòîëáåö èçîáðàæåíèÿ ñêàíèðóåòñÿ è ïðîâåðÿåòñÿ íà
ìàêñèìàëüíîå êîëè÷åñòâî ïèêñåëåé ñ èíòåíñèâíîñòüþ íîëü èëè
åäèíèöà. Â ðàáîòå îòäåëüíîå âíèìàíèå óäåëåíî îïèñàíèþ ïðî-
öåññà îáíàðóæåíèÿ êðàåâ. Àëãîðèòì äåêîäèðîâàíèÿ èñïîëüçóåò
ìàññèâ ïîëîñ øèðèíû êîäà. Âñå âûøå èçëîæåííûå ïîäõîäû è íà
èõ îñíîâå àëãîðèòìû, ðåàëèçîâàíû â âèäå ìîáèëüíîãî ïðèëîæå-
íèÿ ðàñïîçíàâàíèÿ è ãåíåðàöèè êîäîâ.

Êëþ÷åâûå ñëîâà: ðàñïîçíàâàíèå, ãåíåðàöèÿ,
áèíàðèçàöèÿ, àôôèííûå ïðåîáðàçîâàíèÿ, øòðèõ-êîä.

RECOGNITION AND GENERATION OF QR/BAR CODES
IN MOBILE APPLICATIONS

Nikonenko A.N., Korotka L.I.

Ukrainian State University of Chemical Technology, Dnipro,
Ukraine

The article is devoted to the analysis of methods of recognition
and generation of QR/bar codes in mobile applications. The most
common algorithms for detecting and generating codes are considered:
Otsu method, Reed-Solomon codes, binary coding algorithm, Orazio
Gallo and Roberto Manduchi approach. In this article, it is proposed
to use an algorithm based on these approaches, which is refined and
used for the software implementation of the mobile application. The
main stages of the recognition process in the work are: converting a
color image into gray shades (using the pixel hue difference method);
gray image binarization (Otsu algorithm); using affine transformations
to preserve parallelism, which includes rotation, stretching, shifting,
scaling. The main stages of the generating process for QR codes are:
processing and reduction to the standard form for QR codes; the
process of generating a binary string (in the work data of only
numerical and symbolic types was considered); counting the total
number of characters in the source string and converting the decimal
number to a binary representation; determining the length of the
generated binary string according to the Denso Wave standard (the
encoding of character types is different); determining the required
length of the final binary string; auxiliary tokens are concatenated;
generation of Reed-Solomon error correction codes. Three types of
bar codes are considered: code 128, code 39, and EAN 13. The last
type was used. A bar code scanner includes two steps for automatically

scanning all bar codes: finding the location of the bar code, bar code
decoding. To localize the image and the bar code that is captured by
the system, the algorithm of Orazio Gallo and Roberto Manduchi is
used. In order to obtain a smoothed map, a block filter of a certain
size was used, taking into account the size of the input code image.
In addition to the code localization, it is cut off: the intensity of each
pixel is taken into account, and the lines of the bar code (pixels with
an intensity greater than zero) are highlighted. An image with improved
contrast is converted to binary form, and to convert to an ideal
image, each image column is scanned and checked for the maximum
number of pixels with an intensity of zero or one. This article focuses
on describing the edge detection process. The decoding algorithm
uses an array of code width bands. All the above approaches and
algorithms based on them are implemented as a mobile application
for recognition and generation of codes.

Keywords: recognition, generation, binarization, affine
transformations, bar code.
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