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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.
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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.

© Nikonenko A.N., Korotka L.I., 2019

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 [3].
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:
Pli][j]I=(R+G+B)/3.

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

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 q, and q, 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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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=2-t.

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 jmod 3=0
3 (i+j) mod 3=0
4 ((i div 2)+(j div 3)) mod 2=0
5 (ij) mod 2+(i j) mod 3=0
6 ((ij) mod 2+(i j) mod 3) mod 2=0
7 ((ij) 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)—|ly(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 31r31 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
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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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PO3III3HABAHHA TA TEHEPAIIIA QR/BAR-KOJIB ¥V
MOBLIIIBHUX TOJATKAX

Huxonenrxo O.M., Kopomxa JI.1.

Cmamms npuceésuerHa anHatizy memooie pos3nizHasaHHs ma
eenepauii QR/bar kodie 6 mobinbHux dodamkax. Pozensnymo
Haubinbw nOWUpeHi areopummu 0emeKmy8anHs i KOOY8aHHs K00ig:
memod Ouy, kodu Pioa-Conomona, areopumm 08ilikooeo Kody-
eanHs, nioxio Opauio I'aano i Pobepmo Mandyui. Y pobomi npono-
HYEMbCA GUKOPUCIOBYBAMU ANOPUMM, AKUU 0A3YEMbCA HA 343HA-
ueHUx nioxooax, ma, aKutl 000NPAaybOBAHO i BUKOPUCMAHO 045 NPO-
epamHoi peanizayii mMobinbHoeo dodamky. OcHOGHUMU emanamu
npouyecy po3nizHaanHs @ pooomi €: KOH8EPMAauis K0Ab0P08o20o 300-
PadsceHHs: y GiOMiHKU Cipo2o (8UKOPUCMOBYEMbCS Memod Di3HUYi
8i0minkie nikcenie); OiHapusauis cipoeo 300paxcenHs (anreopumm
Ouy); eukopucmaHnHs agiHHUX nepemeopers 015 30epediceHHs na-
DaneabHocmi, AKi 6KAIOHAIOMb HOBOPOM, PO3MASHEHHS, 3DYUIeHHS,
Mmacwumabyeanus. OcHosHumu emanamu npouecy eewepauii QR-kodie
€: 0b6pobka i npueedenns do cmandoapmuoeo das QR kodieé éudy;
npouec eenepayii GinapHux psokie (6 pobomi poseasdasucs OaHi
MIiNbKU YUCEAbHOO | CUMBOAbHORO MUNIB); NIOPAXYHOK 3A2anbHOT
KiAbKocmi cumeonie y 3a0aHomy psaoKy i nepemeopenHs 0ecimko-
6020 4ucAa 8 OiHapHe HAOGHHS, GU3HAYEHHS 008XCUHU OIHAPHO2O
pAdKa, wo eeHepyemocs, 6ionogiono do cmandapmy komnanii Denso
Wave (kodyeanHs cumeonbHux munie 30iliCHIOEMbCA IHaAKUle); U~
3Ha4eHHs] HeoOXiOHOI 006XCcUHU KiHUeo20 OiHapHo2o psdka; 00-
NOMINCHI MOKeHU KOHKameHyromocsl; eeHepauis kodie Pida-Cono-
MOHa 045 Kopekyii nomunok. B pobomi poseasHymi mpu munu
wmpux-kodig: kod 128, kod 39 i EAN 13. Bukxopucmarno ocmanHii
mun. Ckanep wmpux-kody eKA4ae 6 cebe 06a KpoKu 045 Aemo-
Mamu4H020 CKAHYBAHHS 6CIX WMPUX-K00i6: 3HAXOOINCEHHS PO3Ma-
WYBAHHS WMPUX-K0JY,; 0eKk0o0yearHs wmpux-kody. /s aokanizayii
300pancents wimpux-kKoay, AKull 3aX0NAEMbCs CUCEMOI0, UKO-
pucmanuti areopumm Opauuo Taano i Pobepmo Mandy4i. 3 memoro
OMPUMAHHSL 321A0XHCeH0i Kapmu, UKOPUCMAHO 010K08Ull pirbmp
NeBH020 PO3MIDY 3 YPAXYBAHHAM PO3MIPY 8XIOH020 300pajiCeHHs KOOY.
Kpim nokanizauii kody, sukonyemocs iioeo 00pizka: po3easdacmocs
IHMeHCUBHICMb KOJCHO20 niKceas | eUdingiomscs psaoKu wmpux-
K00y (nikceni 3 inmeHcugricmio binvuie Hys). 300pasiceHHs 3 noain-
WeHOI0 KOHMPACMHICMIO Nepemeoproemucs 6 08illkogy gopmy 0as
nepemeopenHs 6 ideanvHe 300padcents, KOJNCeH Cmosneysb 300pa-
JCEHHA CKAHYEMBCA | NepesipaemuvCs HA MAKCUMANbHY KIAbKicMb
nikcenie 3 iHmeHcusHicmio Hy1b a6o odunuys. B pobomi oxkpemy
yeazy npudineHo onucy npoyecy 6UsA6AeHHs ePAHUUb 300PANCeHHS.
Aneopumm 0ekody8aHHs GUKOPUCHOBYE MACUB CMYe WUPUHU KOOY.
Bci suwie euxnadeni nioxodu ma Ha ix ocHogi areopummu, peanizo-
8aHi y @uensidi MobinbHO20 000aMKY PO3NI3HABAHHS Ma eeHepauii
Kodie.

KumouoBi ciioBa: po3mnizHaBaHHS, TeHepallisi, OiHapu3allis,
adiHHe nmepeTBOpeHHsI, ITPUX-KOJI.

PACIIO3HABAHUME U TEHEPALIIA QR/BAR-KOJ1OB B
MOBWIBHBIX ITPIJIOXKEHUAX

Huxonenro A.H., Kopomkas JI.H.

Cmambsi noceswjeHa aHaiusy memooo8 pacno3HA8auust u
eenepauuu QR/bar kodoe 6 mobuavHbIX npunoceHusx. Paccmom-
DeHbl Hauboaee pacnpocmpaHentble aleo0pummsl 0emeKmupo8aHus
u Kodupogarus K0dos: memod Ouy, koder Puda-Cosomona, areo-
pumm 08ou1H020 Koouposauus, nodxod Opayuo larro u Pobepmo
Manodyuu. B pabome npednacaemcs uchoav3oeames areopumm, 6a-
BUPYIOWULICS HA YKA3AHHBIX N00X00ax, KOMopblil 0opaboman u uc-
N0Ab306aH 0451 NPOSPAMMHOU Pearu3ayuu MOOUALHO20 Npedaoce-
Husi. OCHOGHBIMU SMANAMU NPOYECca PACHO3HABAHUS 8 pabome 516-
ASTHOMCA: KOHBEPMAYUS UBETHO20 U300DANCEHUS] 6 OMMEHKU Cepo2o
(ucnoav3zyemcesi Memoo pasHoCmu OMmMeHK08 nuKcenell),; uHapusa-

Recognition and generation of QR/bar codes in mobile applications



42

ISSN 2521-6406, Computer Modeling: Analysis, Control, Optimization, 2019, No. 1, pp. 36-42

yus cepoeo usobpaxcenus (areopumm Ouyy); ucnoav3oeauue ag-
huHHbIX NPeobpaz08anHuil 015 COXpaHeHUs: NAPAIIeAbHOCMU, KOMO-
pble 8KAIOYAIOM NOBOPOM, PACMSNCEHUe, cOsU2, MACWMAaduposa-
Hue. OcHosHbiMu 3manamu npouecca eedepauuu QR-xodoé s615-
romes: o6pabomka u npusedenue k cmandapmuomy 011 QR kodoe
6udy; npouecc eeHepauuu 6uHapHol cmpoku (6 pabome paccmam-
PUBAAUCH OGHHbIE MOABKO YUCAEHHO20 U CUMBOAbHO20 MUNO08); NO0-
cuem 00uec0 KOAUYeCcmeda cUMB0A08 6 UCXOOHOU CmpoKe U npeoo-
Dazoeanue JecAmMu4H020 4UCAa 6 OUHAPHOe npedcmaeieHue; onpe-
denenue ONUHbL 2eHepupyemoli OUHAPHOU CMPOKU COAACHO CIAH-
dapmy xomnanuu Denso Wave (kodupoeaHue cumeonbHbix munoe
ocyujecmensiemcs uHaue); onpeodenerue Heo0xXo0UuMoi ONUHblI KOHeY-
HOU OUHAPHOU CMPOKU,; 6CNOMO2AMEeNbHbIe MOKEHbl KOHKAMeHUpy-
romes; eenepayusi k0008 Puda-Conromona 015 KoppeKuuu ouuoox.
B pabome paccmompenst mpu muna wmpux-x00og: kod 128, koo 39
u EAN 13. Hcnoavsoean nocaeonui mun. Ckanep wmpux-koda
eKA04aem 6 ces 06a wiaza 045 A8MOMAMUYECK020 CKAHUPOBAHUS
6CeX WMPUX-K0008: HAX0NCOeHUEe MeCIONOA0NCEHUEe WUMPUX-K00d,;
dexodupoearnue wmpux-koda. Jlns nokasusayuu u300paxpceHus
WmMpUX-K00a, KOmopwlii 3aX6ambvléaemcsi CUCIEMOU, UCNOAb308AH
aneopumm Opayuo Tanrro u Pobepmo Mandyuu. C yeavro noayue-
HUsL CenadceHHoU Kapmol, UCHOAb308aH OA0UHbLU purbmp onpede-
JIEHHO20 Pa3mepa ¢ Y4emoM pasmepa 6X00H020 U300pasiceHus Kooa.
Ilomumo noxanusayuu Kooa, bINOAHAEMCS e20 00pe3Ka: paccmam-
pueaemcsi UHMEHCUGHOCb KANCO020 NUKCENs U GblOeASIHOMCS CIPOKU
wmpux-koda (nukceau ¢ UHMeHcUsHocmuvro 6oavuie Hyas). M306-
padicenue ¢ YAyMueHHOU KOHMPACMHOCMbl0 Npeodpasyemcs 6 060-
UYHy0 opmy u 04 npeobpaszoeanus 6 udeasvHoe usobpadicerue,
Kaocowlti cmoabey, u300pasicenusi CKaHUpyemces: U nposepsaemcs Ha
MAKCUMAAbHOE KOAUECME0 RUKCeAell ¢ UHMEHCUBHOCIBIO HOMb UAU
edunuya. B pabome omoenvHoe HuMaHUe yOeaeHO ORUCAHUI NPO-
yecca obHapyiceHus Kpaeg. Aneopumm 0ekoouposanus Ucnoab3yem
maccue noaoc wupursl Kooa. Bee eviuie uznoxcertvie no0xodst U Ha
UX OCHOBE AN20PUMMbL, DeaNu308aHbl 6 8U0e MOOUNLHO20 NPUAOICe-
HUSL DACNO3HABAHUS U 2eHEPAUUU K0OO8.

KawueBbie cjaoBa: pacro3HaBaHHUe, FeHepauus,
ouHapu3arusi, ahppuHHbIE MPeodpa30BaHUsl, IITPUX-KOJI.

RECOGNITION AND GENERATION OF QR/BAR CODES
IN MOBILE APPLICATIONS
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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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