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Abstract. QR code (quick response code) has become a widely common technology along with the
increase in the usage of smartphone. In many areas, QR codes have over taken the place of linear
barcodes due to the obvious advantages of large data capacity and ease of data retrieval. In this
paper, we propose a novel data transfer scheme that employs the camera in smartphone devices as an
alternative data channel. The sender device encodes data as a series of QR code images like the video
data type. The video will be exhibited on the screen of smartphones, tablets, or PCs. The receiver
device records the video by camera, splits video into frames, and decodes the data from images. This
method is implemented by using multiple versions of QR code started from 1 to 40. By conducting
several experiments, the version 19 is the best choice for transferring data between smartphone devices
because of it’s the ability to transfer 135 Kbit/s without error. To transmit data from tablets and PCs
to smartphone devices, the best version of QR code is 29, which allows 277 Kbit/s to be transferred
without error. Further, the proposed method shows the advantages of permitting satellite TV channels
to transfer files to viewers instead of giving file links. This results in solving the problem of transferring
files from IOS and Mac devices to windows and android devices and vice versa.
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MeTton nepeaavyu JaHHbIX HA KOPOTKHE PACCTOAHUSA

¢ ucnoJjb3oBanueM QR-koaa

O.A. lIena6™9, /1. FO. Yepuuxos?, A.C. CeauBaHos?
“Cubupckuti hedepanbHulil yHUBEpCUmem
Poccuiickaa ®eodepayus, Kpacnospck

*Texnonozuueckuil ynueepcumem — Mpak
Hpax, baeoao

AnHotamus. QR-xox (kox OBICTPOro OTKIJIHMKA) CTal IIUPOKO PACIPOCTPAHEHHOW TEXHOIOTHEH
Hapsiy ¢ yBEJIMYEHUEM HCIOJIb30BaHUSA cMapT(oHoB. Bo MHOTMX 00mactax QR-Koabl BBITECHUIN
JUHEHHBIE MITPUX-KOJABI N3-32 OYEBHJIHBIX MPEUMYILECTB OOJBIIOr0 00beMa JaHHBIX M IPOCTOTHI
MX TIOUCKa. B 3TO# cTaThe MBI IpeasiaraeM HOBYIO CXEMY NEPEAadyM AAHHBIX, KOTOPAsl UCIOIb3YeT
KaMepy B YCTpOHCTBax CMapT(OHOB B KadyecTBE aJbTEPHATHBHOIO KaHAlla TepeJaddl JaHHBIX.
YCTpOoHCTBO-OTIIPAaBUTENh KOAUPYET JaHHBIE B BHJIE cepun n3o0pakeHnit QR-kozma, mogoOHBIX THITY
BHIICOMaHHBIX. Bruneo Oymet oTobpaxarses Ha SkpaHe cMapT@oHOB, mutanmieToB win [1K. IlpuemHuoe
YCTPONCTBO 3aHCHIBAET BUJICO C TIOMOIIBIO KAMEPbI, pa30MBACT €ro Ha KaJpbl U AEKOJUPYET JaHHBIC
¢ m300pakeHUH. DTOT METOJ peaiu3yeTcs IMyTeM HCIOIB30BAaHUS HECKONbKHX Bepcuii QR-kona,
HaumHast ¢ 1 mo 40. IIpoBens HECKONBKO SKCIEPUMEHTOB, MBI IIPUILIA K BBIBOLY, YTO Bepcus 19
SIBJISIETCS] JIyYIIUM BBIOOPOM IUIsI NEPEAauyd JaHHBIX MEXKIY YCTPOHCTBAMHM CMapT(HOHOB H3-3a
ee crmocobHocTH nepenaBarh 135 Kout/c 6e3 ommbok. /{15 mepexaun maHHBIX ¢ miiaHmeToB u [1K
Ha cMapTQoHHI yuinel Bepcueit QR-koma sBisiercs 29, uro mo3BonseT nepenasats 277 Kout/c 6e3
omn6ok. Kpome Toro, mpeziaraeMblii METO IEMOHCTPUPYET IPEUMYIIECTBA pa3pelIeHns KaHaIaM
CIIyTHHKOBOTO TEJEBUICHUS TepernaBaTh (aiibl 3pUTENIM BMECTO IPEJOCTABICHUS CCBHLIOK
Ha (aiinel. Takxe 3TO MPUBOAUT K peIIeHUIo mpobieMsl nepenadu (ainos ¢ ycrpoiictB IOS u Mac
Ha yctpoiictBa Windows n Android u Ha060poT.

KnawueBble caoBa: QR-kon, IBYMEpHBIH MITPUX-KOI, KOJ OBICTPOro pearvupoBaHUs, BEPCHS
QR-koja.

Huruposanue: Jlesd O.A. MeTox niepeiaun JaHHBIX Ha KOPOTKHE pacCTOsiHUSI ¢ ucnoib3oBanneM QR-koma / O.A. Jlesi0,
I1.1O. Yepuukos, A. C. Cenuanos // JKypn. Cub. ¢penep. yH-ta. Texuuka u rexnosoruu, 2023, 16(1). C. 94—103. EDN: TRGVUS

I. Introduction

The QR code is defined as a kind of two-dimensional barcode that can store data and be read
by smartphones. QR refers to «Quick Response» and means that the contents of the QR code can
be decrypted very quickly. QR code is generated from black modules arranged in a square pattern
on a white background. The information encoded in the QR code can be a URL (Uniform Resource
Locator), text and other data types [1, 2]. QR Code usage is increasing nowadays in the world due to
the speed of decoding its contents by smartphones and tablets equipped with a camera. QR Codes
were formed in 1994 by the Toyota subsidiary Denso Wave, which were initially used to keep track
of inventory in the manufacture of vehicle parts. The goal of creating a QR code was to overcome the
limitation of information capacity of the barcode, consisted of only 20 characters. At the moment, the
QR code is used in many fields like commercial tracking, labeling of commercial products, etc. The
QR code can be generated through websites or applications and can be printed to other users to scan

and use. A QR code system includes two parts: an encoder and a decoder. The encoder encrypts the
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Fig. 1. The framework overview of QR Code

plain text, URL or other data types and produces a QR code as an image while the decoder retrieves
data by decrypting the coded image. Fig. 1 illustrates the framework overview of the QR code.

Many methods have been presented for developing QR code. The work [3] proposed the use of
color QR code instead of black and white QR code to increase the data capacity. The color QR code
can store 4 bit in each module whilst the black and white QR code store only 1 bit in each module. In
[4], different types of compression algorithm were employed to be to expand the data capacity of QR
code. The study [5] generated a color QR code by multiplexing several QR codes, which provided data
capacity of up to 24 times when compared to the same size as a standard QR code. The QR Code based
on Augmented Reality (AR) System was developed in [6] to increase the data storage in QR Code.
In [7], the Vcode — pervasive data transfer based video barcode method was introduced by using the
camera of a smart phone as an alternative data channel. This paper proposes transfer data by using

video of QR code, which enables to transfer a larger amount of data compared to using Barcode.

I1. Information capacity and versions of the QR code

The QR code has a wide range of versions started from 1 to 40. Each version of the QR code
includes a different module configuration. The module refers to black and white dots, which constitute
the QR code. Module Configuration denotes the number of modules inside the QR code from version
1 (21 x 21 units) to version 40 (177 x 177) units [8-10]. Fig. 2 illustrates the module configuration of
basic QR codes, as follows.

Each version of QR Code is with a different data capacity, which depends on the data type and error
correction level. When the amount of data is enlarged, the number of modules needs to be increased to

form the QR code. However, this leads to the large size of the QR code image.

II1. QR code error correction

A reliable error correction needs to be used for extracting the contents of the QR code without
error despite of being dirty or damaged. This is achieved by adding a sequence of error correction
samples to the sequence of data code words. In particular, the QR code uses the Reed-Solomon method
to correct errors robustly. Reed-Solomon is a popular and highly efficient mathematical method for
correcting errors in data transmission [11]. There are four levels of error correction, and the highest
level is the most reliable one for information retrieval. Table 1 shows the error-correcting levels and

their approximated error-correcting capacity.
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Fig. 2. Version module configuration of the QR Codes

Table 1. Error correction levels and% of correction

No. Error correcting level Approximate amount of correction
1 L 7%
2 M 15%
3 Q 25 %
4 H 30 %

The error level is determined by considering the size of the QR code and the environmental
conditions. For example, in factories, the Q level (25 % error correction) or the H level (30 %) is applied
for the QR code due to the existence of dirt or damage conditions. In clean environments, the L level
(7 %) is employed for the QR code. In general, the M (15 %) is commonly used level [4].

IV. Structure of a QR code

The QR code is built from square modules structured in a regular square matrix and consists of an
area encoder and functional patterns. The QR code is surrounded on all four sides by the boundaries of
a quiet zone [12, 13]. e. Function patterns are the shapes placed in specific areas of a QR code, which
are used to ensure that QR code scanners can correctly identify the code and route it for decoding.
There are four kinds of function patterns: alignment patterns, timing patterns, finder pattern, and
spacer. The encoding area contains data representing format information, data, version information,

and error correction code words. Fig. 3 shows the representation of QR Code structure in detail.

V. Algorithm

In transmitting stage, the transmitter device can be a smartphone, tablet or PC. Firstly, the input
data splits into packets and the size of the data packet must not exceed the data capacity to the selected
version of QR code. Then, the data is converted into the type of hexadecimal from 00 to FF. This
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hexadecimal data is encoded as a set of QR code images, which converted to a video. The number of

frames per second for the video determines the size of data transmission in the second. The video will

display on the screen of sender device.

In receiving stage, receiver can be a smartphone or tablet. The receiving device records the video
of QR code from the screen of the sender device. After that, recorded video will separate into a set of

images. The number of images depends on the number of frames per second for recorded video. The

the original from
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- o
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-
Split video




Journal of Siberian Federal University. Engineering & Technologies 2023 16(1): 94-103

receiver device will extract the data from QR code images and collect the data, which reconstructs the

original file.

VI. Simulation and result

We simulate this project by using a QR code generator and reader application, video editor
program, smartphone HUAWEI P30 Lite, tablet HUAWEI MediaPad T3 10 16Gb, and MATLAB
carried out on a PC with processor specification Intel(R) Core(TM) i17-8550U CPU @1.80GHz and 64-
bit Windows 10 editions operating system. The QR code application is used to create QR code images
and read it whilst video editor software, is required for designing a video from images of QR code
with appropriate frames per second (FPS). The smartphone and tablet are used to transmit and receive
data by displaying and recording the video, respectively. MATLAB runs to split the video into images
when reading the data from QR code, reconstructing the original data. We have simulated the proposed
method twice times for the purpose of a reliable evaluation. For each simulation, two experiments have
been carried out.

The first simulation is conducted for transferring data between smartphone devices by two testing
producers. Firstly, we tested the QR code versions from 1 to 40 to choose the best one from them to
encode data. The most appropriate version of the QR code was version 19 due to its convenience to
display data on the phone screen and extract data without errors.The data capacity for one image
of the QR code version 19 is 4.5 Kbit to represent the data type of a hexadecimal. At transmitting
smartphone, we made a video that consists of 30 images of QR codes per second. The video size of QR
code was adjusted to 209x209 pixels to make it suitable to show on the smartphone's screen. To extract
data from the video, it is necessary to use a camera which can record continuously at 30 FPS or higher

resolution. Fig. 5. Illustrates the samples images of encoded data.

Fig. 5. The illustration of encoded data
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At receiver side, recipient smartphone, records the video from the transmitter via a camera with
resolution 1920x1080 FHD and 60fps to extract data. The recorded video is separated into 60 images
per second. Each image of the QR code is repeated twice because the video consists of 30 fps and the
camera records 60 fps, which is useful for increasing the reliability of the transmission. The recipient
smartphone extracts the data from QR code pictures without errors and reconstructs the original file.
The size of data transfer in this method was 135 Kbit/s without error. Fig. 6 demonstrates the samples
of splitting images from the video.

In the second test, we used the camera of receiving tablet with resolution 720*1280 and 30 fps
to extract data from the recording video. After separating the recorded video into images, the quality
is decreased compared to that one recorded by smartphone device. The data was extracted from QR
codes with data transfer of 135 Kbit/s without errors and reconstructed the original file. Fig. 7 shows
the sample of splitting images from the recoded video by the tablet.

In the second simulation, we test transferring data from laptop to smartphone and tablet devices.
Since the screen of laptop has a bigger size than the screen of smartphone, the best version of QR
code to be used is 29. The data capacity for an image of the used version is 9.25 Kbit for data type
hexadecimal. To transfer data from a laptop to a smartphone or tablet, we made a video that includes
30 images of QR codes. The video size was adjusted to 293x293 pixels to make it appropriate to display
on the laptop screen. Fig. 8 Illustrates the samples images of encoded data. The second simulation also
includes two testing experiments.

In the first test, we recorded a video with the smartphone camera with resolution 1920x1080
FHD and 60fps. The recipient smartphone extracts the data from QR code pictures without errors and
creates the original file. The speed of data transfer in this experiment is 277 Kbit/s. Fig. 9 shows the
sample of dividing images from the video in this testing experiment.

Fig. 6. An example for splitting the video into images

— 100 —
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Image 2

Fig. 7. An example illustrating splitting the recorded video by the tablet into images

Fig. 8. The samples images of encoded data in the sec-  Fig. 9. The samples of dividing QR codes from video
ond simulation

In the second test, the video was recorded by using the tablet camera with resolution 720%1280
and 30 fps, which has a lower quality than the resolution of the smartphone. Even though the resultant
images are with low quality, the reader program of QR code can extract the data from QR code images
without errors. The data transfer in this testing experiment also is 277 Kbit/s. Fig. 10 demonstrates the

sample of splitting images from the video.

— 101 —
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Fig. 10. The sample of split images from video

VII. Conclusion

This paper presents a new framework for transferring data from a computer, tablet, and smartphone
to tablet and smartphone devices. To transfer data with high reliability, the screen of the sending
device needs to be well lighting and not dimly lit. Further, the high-resolution camera of the receiving
devices increases the robustness of receiving data without errors. The level (L) is very suitable for
error correction when the working environment is with less weather interferences (lighting and dust).
The proposed framework results in an advantage of dispensing the use of Bluetooth for transferring
data. This advantage can make the Bluetooth available to be utilized for other tasks. It does not need
to disconnect the Bluetooth from the other accessories like head phones to transfer data. Also, this
framework has the ability to transmit data between devices with different operating system such as
(Android, OS).
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