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Abstract—Data transmission to mobile devices can be done
easily with the use of Bluetooth and Wi-Fi, but these methods
have weaknesses such as the significant amount of time needed
for the device search and authentication phase when transmitting
small amounts of data. Previous works proposes transmitting
data via multiple high capacity two-dimensional barcodes, which
works as a partial solution but still has certain aspects that can
be improved. In this paper, we propose a system for transmitting
data via multiple QR codes that aims to maximize the overall
data transmission rate by maximizing read accuracy and code
processing speed. We also test the use of RaptorQ fountain code
to improve handling of missed frames in the system. Analysis and
tests done on the system proves that the proposed system can
be reasonably used as an alternative data transmission method
when transmitting files up to S00KB in size or when other data
transmission methods are unavailable.

Index Terms—QR code, data transmission, mobile device,
RaptorQ, fountain code

I. INTRODUCTION

The process of transmitting data between mobile devices has
been made very easy with the introduction of wireless tech-
nologies such as Bluetooth and Wi-Fi, but these technologies
still has their downsides. One of the downsides is that when
users want to transmit data via these methods, they have to go
through the process of device search and authentication that
takes a relatively significant amount of time when the data to
be transmitted is small [1] [2] [3].

Another downside is a problem called the Wi-Fi Spectrum
Crunch, which is when wireless communication that uses
electromagnetic signals does not function well in places where
there are many other users [4]. One solution to this problem
is Visible Light Communication (VLC) with which data is
transmitted in signals that are not in the electromagnetic
spectrum but in the visible light spectrum so that the signals
are less likely to interfere with each other [4].

There are already many data transmission systems that uses
visible light. One of which is Li-Fi, where data is transmitted
by the use of a single LED light that flickers at a very high
frequency and a camera that functions at an equally high
frequency [5]. The downside of this technology is that it
requires specialized equipment, so it is only commonly found
in industrial usage such as in the health industry where it is
used in specialized medical equipments [5].
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On a more common device such as a smartphone which
has a relatively slower camera, it is more optimal when light
from multiple sources are read simultaneously. An example of
such data transmission system is data transmission by using a
single QR code. The downside of this system is that the data
capacity that can be stored in a single QR code is only 2,956
bytes at the lowest level of error correction [6].

There exists multiple works that aim to increase the capacity
of a QR code by introducing color into the structure [7] [8]
[9]. These colored QR codes has a higher data capacity than
regular QR codes, but at the cost of longer processing time and
lower read accuracy due to more reliance on multiple factors
such as lighting, camera quality, and display quality.

Another solution to the data capacity problem is by using
multiple two-dimensional barcodes to transmit data. There
already exists related works in which they use multiple two-
dimensional barcodes to transmit data, but all of these works
are forced to use high capacity two-dimensional barcodes to
increase the data capacity of each code due to limitations
in hardware and software [10] [11] [12]. In this paper, we
propose a data transmission system that uses multiple regular
QR codes to maximize data transmission rate by maximizing
read accuracy and code processing speed instead.

II. RELATED WORKS

Memeti et al. (2013) proposes a data transmission system
in [10] that uses a custom made two-dimensional barcode
structure that they designed. The structure is based on regular
QR codes but with error correction removed and with the
use of colors so that each code can store a larger amount of
data. The introduction of color in the code structure resulted
in lowered read accuracy and longer processing time of each
code. The proposed system achieved a data transmission rate
of 430 byte/s according to the tests done on the paper.

Boubezari et al. (2016) proposes another data transmission
system in [11] that also uses a custom made two-dimensional
barcode structure. The difference is that the structure used in
this system does not use color, but instead uses a format that is
made to fit the screen of a smartphone. The structure also does
not use search patterns to locate each barcode on the decoding
phase, but instead uses the screen flickering on the transmitter
device to locate the code. Due to this code search method, the
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screen cannot be used to display any other information while
data transmission is ongoing. The proposed system achieved a
data transmission rate of 12.5 kilobyte/s according to the tests
done on the paper.

Toh et al. (2016) proposes a data transmission system in
[12] that uses regular QR codes that are multiplexed into
colored QR codes to increase the data capacity in each frame.
The multiplexing phase and demultiplexing phase causes the
processing time of each code to be slower than regular QR
codes and the introduction of color causes read accuracy to be
lower. The proposed system achieved a maximum encoding
speed of 357 byte/s and maximum decoding speed of 5.92
byte/s according to the tests done on the paper.

III. DESIGN

A. Considerations

There are two main points that were considered in the
making of the data transmission system proposed in this paper:
data splitting and merging system and code structure.

First, data splitting and merging in the previous works are
done by naively splitting the input data into parts, sequentially
transmitting these parts to the receiver device via QR code in
a loop, then merging these parts back into the input data on
the receiver device when all of the parts have been received.

This method is slow when QR code read failure occurs be-
cause the receiver would then have to wait until the transmitter
device transmits the missing part QR code again. When there
is a large amount of data parts, and therefore a large amount
of QR codes that needs to be displayed in an order, this results
in a significant amount of waiting time.

In the proposed system, the use of RaptorQ fountain code
[13] will be implemented to let the receiver receive part QR
codes in any order and thus be able to handle read failures
better. This comes at the cost of a slightly longer processing
time for each data part, so a configuration of the system that
does not use RaptorQ will also be tested for comparison.

Second, the code structures used in the previous works has
a lower read accuracy and longer processing time compared
to regular QR codes. The proposed system will use the
regular QR code structure to benefit from its integrated error
correction capabilities, high read accuracy, and fast processing
speed.

B. Architecture

The overall flow of the proposed system can be seen in Fig.
1. The proposed system consists of two mobile devices, each
with an application that implements the functionalities of the
proposed system.

The application on the transmitter device converts input data
into a set of displayable QR codes in four phases:

1) Input Data Selection (Al)
2) Input Data Splitting (A2)
3) QR Code Encoding (A3)
4) QR Code Display (A4)

The application on the receiver device reads these multiple
QR codes via the camera module and converts them back into
the original input data in four phases:

1) Image Capturing (B1)

2) QR Code Decoding (B2)

3) Output Data Merging (B3)

4) Output Data Storing (B4)

When the naive data splitting and merging method is used,
the data part structure that is used is the one shown in Fig. 2.
The input data is split into data parts sized as large as possible
that can fit into a single QR code along with the data part index
and total data part count. The first data part will additionally
contain the file name information.

When the RaptorQ data splitting and merging method is
used, the data part structure that is used is the one shown
in Fig. 3. There will be two types of parts: metadata parts
and data parts. Metadata parts will contain the file name
information along with RaptorQ parameters that are needed
on the receiver side and needs to be fully received by receiver
devices before it can receive data parts. Data parts will contain
the encoded data generated by the RaptorQ encoder and will
need to be received in a certain amount by receiver devices in
any order to be able to fully reconstruct the original data.

IV. IMPLEMENTATION

The implementation of each phase of the system will be
explained separately in the following subsections.

A. Input Data Selection (Al)

In this phase, the user selects the input data from two
sources: the local storage or the clipboard. If the user chooses
to transmit data from the clipboard, a file name will be
generated containing the word “clipboard” and the date and
time of this transmission. Otherwise, the original file name
will be sent as metadata.

B. Input Data Splitting (A2)

In this phase, the input data is put through a data splitting
function. The data splitting function will either be a naive data
splitting into the structure defined in Fig. 2 when RaptorQ is
not used, or structure defined in Fig. 3 when RaptorQ is used.
The RaptorQ encoder that is used in the implementation is
from the publicly available and open-source OpenR(Q library
[14].

C. OR Code Encoding (A3)

In this phase, each data part (and metadata part, if RaptorQ
is used) is encoded into a QR code. There are two variables
that can be configured for this step: the QR code version and
the error correction level. The QR code version determines
the amount of modules (black and white squares) in a QR
code, and therefore also determines the amount of data that
can be stored in each QR code. The error correction level
represents the amount of redundant data stored in each QR
code for error correction. The QR code encoder that is used
in the implementation is from the publicly available and open-
source fastqrcodegen library [15].
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Fig. 2. The structure of data parts used by the system with the naive data
splitting and merging method (16 bytes for each data part, with 7 bytes for
the file name)

D. QR Code Display (A4)

In this phase, each generated QR code is shown in an
loop at the transmitter device. When RaptorQ is used, the
application will initially display the metadata QR code, only
displaying data QR codes after the user has confirmed the
successful transmission of the metadata QR code by tapping
the transmitter device’s screen. The rate at which the QR codes
are displayed are configurable in the mobile application.

E. Image Capturing (Bl)

In this phase, the receiver mobile application starts capturing
frames from the camera module to process in the next phase.
Which camera module to use, the rate at which frames are
captured, and the zoom level are configurable in the mobile
application.

splitting and merging method (16 bytes for each data part, with 7 bytes for
the file name)

F. OR Code Decoding (B2)

In this phase, each frame received from the previous phase
is run through the QR code decoding function. The QR
code decoder used in the implementation is from the publicly
available and open-source ZXing [16] and BoofCV [17] library
. Which library is used to decode is configurable in the mobile
application. This choice of QR code decoding library is due
to prior research showing that ZXing is superior in processing
speed while BoofCV is superior in read accuracy, so both are
tested for comparison.

G. Output Data Merging (B3)

In this phase, the data parts received from the previous phase
is merged together once all of the required data parts have
been received. When RaptorQ is not used, this is done by
simply ordering the data part by their index then merging
them together. When RaptorQ is used, the data parts are
inputted into the RaptorQ decoder to merge back into the
originally transmitted data. The RaptorQ decoder used in the
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implementation is from the publicly available and open-source

OpenRQ library [14]. TABLE 1
READ ACCURACY TEST RESULTS

H. Output Data Storing (B4)

In this phase, the fully merged data is then stored to either Test |Display | Camera |QR Code Read
. . . s Num. | Framerate | Framerate | Decoder | Accuracy
the local storage or into the clipboard according to the user’s -
. 1 15 FPS 30 FPS ZXing 58.91%
choice.
2 24 FPS 21.28%
V. TESTING AND ANALYSIS 3 30 EPS -
As seen in the previous section, the implementation has 4 45 FPS -
a large amount of configurable parameters, each of which 5 54 FPS -
may or may not have an effect to the goal of this paper 6 60 FPS B
which is to mgke a data tran'sm.is.sion system that maximize P 15EPS |60 FPS 72.29%
data trapsm1sswn rate by maximizing read accuracy and CO(Ele 3 24 FPS 5954%
processing speed. These configurable parameters are tested in
. . . . . 9 30 FPS 49.25%
order to infer which configuration is most suited to the goal
of this paper in the following subsections. 10 |45 FPS 32.82%
11 54 FPS 14.06%
A. Read Accuracy 12 |60 FPS -

The read accuracy of the system was tested with a Samsung 13 |ISFPS |30 FPS  |BoofCV |[51%
Galaxy Tab A8 as the transmitter device, a Xiaomi Poco F4 as 14 |24 FPS 21.43%
the receiver device and QR code version 15. The results can 15 130 FPS -
be seen in Table I. The read accuracy was measured by getting 6 |45 FPS B
the percentage of frames where a QR code was successfully

. . 17 54 FPS -
decoded relative to the total amount of frames received from = o0 S
the camera module since the first QR code was detected. .

From this test, it was concluded that to achieve maximum 19 15 FPS 60 FPS 74.64%
read accuracy, the camera framerate must be as high as pos- 20 |24 FPS 60.64%
sible while the display framerate must be as low as possible. 21 |30 FPS 49.18%
The choice of QR code decoder does not seem to have any 22 |45 FPS 24.42%
conclusive effect on read accuracy, as some tests showed one 23 |54 FPS 12.64%
dec.oder having a higher read accuracy tl}an the other library 24 |60 FPS B
while some other tests showed the opposite.

B. Code Processing Speed

In order to measure the total code processing speed, we

measured the average encoding time and decoding time of a TABLE II
. ge el g ° g ENCODING TIME TEST RESULTS
single code across multiple configurations.

1) Encoding sze." The average encoding time of the Test |OR Fountain| Encoding
system was tested with a Samsung Galaxy Tab A8 as the Num.|Code |Code Time
transmitter device and a Xiaomi Poco F4 as the receiver Version | Usage
device. The results can be seen in Table II. 1 15 Yes 6ms

From this test, it can be seen that encoding time decreases ) 20 8,5ms
consistently as the QR code version is decreased. It can also 3 25 11.5ms
be seen that the use of fountain codes has a very small effect 7 20 15.5ms
on the encoding time of each QR code. . s 20’5

. . . . e ,oms

2) Decoding Time: The average decoding time of the S m %
system was tested with a Samsung Galaxy Tab A8 as the ms
transmitter device and a Xiaomi Poco F4 as the receiver 7 N No 6ms
device. The results can be seen in Table III. 8 20 7ms

From this test, it can be seen that decoding time also 9 25 11ms
decreases consistently as the QR code version is decreased. 10 (30 15ms
It can also be seen that the use of fountain codes has a 1 I35 19ms
more significant effect on the decoding time compared to 2 |40 25ms

the encoding time. It is also shown that the ZXing QR code
decoder is significantly faster than BoofCV at decoding.
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TABLE III
DECODING TIME TEST RESULTS

Test |QR Fountain | QR Code | Decoding
Num.|Code |Code Decoder |Time
Version | Usage
1 15 Yes ZXing Tms
2 20 8ms
3 25 9ms
4 30 10ms
5 35 20ms
6 40 -
7 15 No 4ms
8 20 4ms
9 25 Tms
10 30 Tms
11 35 8ms
12 40 9ms
13 15 Yes BoofCV | 17ms
14 20 23ms
15 25 27ms
16 30 34ms
17 35 46ms
18 40 -
19 15 No 10ms
20 20 19ms
21 25 24ms
22 30 25ms
23 35 27ms
24 40 30ms

C. Data Transmission Rate

Finally, we tested the configurations that had the highest
read accuracy and code processing speed to determine which
configuration will have the highest overall data transmission
rate. The device used is the same as with the previous tests.
The results can be seen in Table IV. The data transmission
rate is calculated by calculating the time needed to transmit a
50 KB file.

From this test, it is shown that the configuration with
the highest data transmission rate is with 30 FPS display
framerate, 60 FPS camera framerate, ZXing QR code decoder,
and with the use of RaptorQ fountain code. It is also shown
that the use of RaptorQ in general increased the data transmis-
sion rate, because the time needed for transmission increases
significantly when there is a missing data part and fountain
code is not used.

To make this test more complete, we then tested the optimal
configuration that was found in the previous test with input
data of varying sizes. The result of this test can be seen in
Table V.

It is shown that the data transmission rate is stable for

TABLE IV
DATA TRANSMISSION RATE TEST RESULTS

Test | Display Camera |Decoding | Fountain | Data
Num. | Framerate | Framerate | Library |Code Transmission
Usage Rate
1 15 FPS 30 FPS ZXing Yes 6.37 KB/s
2 15 FPS 60 FPS 6.71 KB/s
3 24 FPS 9.83 KB/s
4 30 FPS 13.21 KB/s
5 45 FPS 6.63 KB/s
6 15 FPS 30 FPS BoofCV 6.81 KB/s
7 15 FPS 60 FPS 7.29 KB/s
8 24 FPS 9.55 KB/s
9 30 FPS 11.68 KB/s
10 45 FPS 3.59 KB/s
11 15 FPS 30 FPS ZXing No 2.66 KB/s
12 15 FPS 60 FPS 7.81 KB/s
13 24 FPS 7.71 KB/s
14 30 FPS 8.58 KB/s
15 45 FPS 2.11 KB/s
16 15 FPS 30 FPS BoofCV 2.23 KB/s
17 15 FPS 60 FPS 6.75 KB/s
18 24 FPS 6.36 KB/s
19 30 FPS 3.88 KB/s
20 45 FPS 1.54 KB/s

transmitting data up to SO0KB, with the exception for the test
with 500 byte data size: the data was likely too small for the
test speed to be properly measured. In the test with 1 MB data
size, the amount of read failure was large enough that it took
a while to receive all the required data parts with the tested
configuration. Further testing is likely needed to determine a
better configuration for larger data sizes.

TABLE V
DATA S1ZE TEST RESULTS

Test |Data Data

Num. | Size Transmission
Rate

1 500 byte | 1,42 KB/s

2 50 KiB | 12,02 KB/s

3 100 KiB [ 12,15 KB/s

4 150 KiB | 12,28 KB/s

5 200 KiB | 11,71 KB/s

6 500 KiB | 11,33 KB/s

7 1 MiB |6,12 KB/s
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VI. CONCLUSION

From the testing and analysis performed, the optimal con-
figuration for the system to reach maximum data transmission
rate for transmitting files S0KB in size was found. With it, the
system achieved a maximum data transmission rate of 13.21
KB/s on the test devices. It was also found that the use of
RaptorQ fountain code increased the overall data transmission
rate of the system.

When compared to existing methods such as data transmis-
sion via Bluetooth and Wi-Fi, the proposed system has some
advantages but also some disadvantages.

One advantage is that users would only need to open an
application and immediately start transmitting or receiving
data, without the need to connect to wireless networks or
directly to other devices. Another advantage is that it is more
scalable: transmitting data from from one giant screen in a
stadium to hundreds or even thousands of receiver mobile
phones would theoretically be as fast as transmitting data from
a single mobile phone to another, whereas the same is not true
when transmitting data via Bluetooth or Wi-Fi.

The main disadvantage is that the transmission speed of
13.21 KB/s or 105.68 Kb/s is significantly slower when
compared to data transmission via Bluetooth or Wi-Fi. Data
transmission rates for Bluetooth 5.0 can reach 2 Mb/s [18]
and for Wi-Fi 802.11ac can reach 55.5 Mb/s [19]. Another
disadvantage is that receiver devices has to be in direct line
of sight and positioned in a certain angle in relation to the
transmitter device for it to be able to properly read the
displayed QR codes.

In conclusion, the system proposed in this paper can be used
as an alternative data transmission method when transmitting
data up to 500KB in size, when transmitting data from one
transmitter to a large amount of receivers, or when other data
transmission methods are unavailable.
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