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ORGANIZATION OF CHARACTER DATA TRANSMISSION
WITH THE HELP OF WHITE LIGHTING LEDS

AK KAPBIK TUOATAPBI APKbL/IbI CUMBOJIABIK JEPEKTEPAI BEPY 11
YUBIMJIACTBIPY

OPI'AHM3AIUA TEPEJAYN CUMBOJIBHBIX JTAHHBIX C IOMOIIbIO
BEJIBIX OCBETUTEJIBHBIX CBETOJINO/J10B

Abstract. The article proposes a data transmission system based on VLC technology using a
new physical coding. The transfer of character data from one personal computer to another was
realized using a white illuminating LED. When transferring data, a driver was used to control the
LED. Instead of the standard physical coding approach, where one clock corresponds to a value of 0
and one clock to a value of 1, expressed in the maximum power of the LED, a new coding was
implemented. This approach in two clock cycles at 0 voltage determines 0 in binary coding, and at a
voltage that provides the maximum power ofthe LED, identifies 1 in binary. Although the baud rate
is reduced, the reliability is improved by using two bits.

Keywords: optical wireless communication, VLC, LED, microcontroller.

Anparna. Makanana kaHa (QU3MKaIbIK KOATaynbl KojgaHa OThIphIN, VLC TEeXHOIOTHUsCHI
OolibIHIIA Iepek- Tepi 6epy kyileci yebiHbuIFaH. CHMBOIIBIK AepeKTepl Oip xKeke KOMIbIOTEpACH
eKIHIINCIHE aK JKapblK TUOMABI apKbUIBI Oepy jKy3ere acwlpbuiabl. Jlepektepai Oepy Ke3iHze
KAPBIKIUOATHI OacKapy YIIiH JIpaiiBep KoMAaHbULIBL. bip caraTTeiH MoHi 0-re xoHe Oip carar 1-re,
YKaPBIK TUOATHIH MaKCUMAJbl KyaThIHIa KOPCETIITeH (PU3UKAIBIK KOATAY TOCUTIHIH OpPHBIHA JKaHA
KoATay eHri3inai. byn tocin 0 kepHeyeri exi HUKIAe eKiTik koarayaa 0-a1 aHbIKTalIbl, all JKapbIK
JTMOJIBIHBIH, MaKCUMAJIJIBI KyaThlH KaMTaMachl3 €TETIH KepHEY Ke31HAe eKUTIK CaHJbIK kKyuene 1-mai
aHbIKTalIbI. JlepekTepai Oepy JKbUI- JaMABIFBl TOMEHJAETEHIHE KapaMacTaH, €Ki OUTTI KOJJaHy
apKbUIBI CEHIMIUTIK apTa/ibl.

Tyiin ce3aep: onTukanslk cbIMCbI3, VLC, xKapbIK AMOABI, MUKPOKOHTPOJLIED.

AHHoTanusi. B crathe mpeanokeHa cuctema mepenadyd NaHHBIX To TexHonoruu VLC ¢
HCIIOJIb30BaHNEM HOBOTO (DM3MYECKOTO KOJMUpOBaHWA. belna peann3oBaHa mepenada CUMBOJIBHBIX
JAHHBIX C OJJHOTO MEPCOHAIBHOTO KOMITbIOTEpa Ha APYroil ¢ MOMOIIBIO OEIOro OCBETUTEIHHOTO
ceeroamnona. [lpm mepenave NaHHBIX HWCIONB30BAICS JpaiBep Ui YIPABICHUS CBETOIUOJIOM.
Bmecro cranmapTHoro monaxona (hu3MUEeCKOro KOIWPOBAHHUSA, TIE€ OJHOMY TaKTy COOTBETCTBYET
3gayenue 0 u OIHOMY TAKTy 3HAUCHUC 1, BBIPAXKCHHOC B MaKCUMaJILHOU MOIITHOCTHU CBETOAHO/[A,
OBUIO pealin30BaHO HOBOE KoaupoBaHue. JlaHHBIM Toaxon 3a ABa TakTa npu ( HampsoKeHUU
OIpCacisICT 0B JABOMYHOM KOAWPOBAHHHU, a4 IIPHU HANPSAKCHUU, O6GCHG‘-H/IB3IOHI€M MaKCUMaJIbHYIO
MOIIIHOCTh CBETOAMO/a, UASHTUDUIIPYET | B ABOMYHON cucTeMe curcieHus. HecMoTpst Ha To, 4TO
CKOpPOCTh meEp€aavyu MaHHBIX YMCHBIIACTCSA, HAACKHOCTH 3a CYET MCIIOJIB30BAHHUA JIBYX OuTOB
MTOBBIIIACTCS.

KiaroueBsble cjioBa: ontudeckas OecripoBoHast cBs3b, VLC, cBEeTOMO, MUKPOKOHTPOJLIED.
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The article proposes a data transmission system based on VVLC technology using a new physical
encoding. The transfer of symbolic data from one personal computer to another was carried out using
a white glowing LED. When transmitting data, a driver was used to control the LED. Instead of the
standard approach of physical coding, where one clock cycle corresponds to the value 0, and one
clock cycle corresponds to the value 1, expressed in the maximum power of the LED, a new coding
was implemented. This approach determines 0 in binary coding in two cycles at a voltage of 0, and
at a voltage that provides the maximum power of the LED, determines 1 in binary code. Although
the baud rate is reduced, reliability is improved by using two bits.

The widespread introduction of devices into the intelligent environment represents a serious
challenge for communication service providers in order to ensure an economical and high-quality
wireless connection. To date, the radio frequency in the range of 1-3 GHz optimal for use is already
overloaded [1, 2]. Therefore, the spectrum deficit, called the spectral crisis, must be solved by
appropriate countermeasures in wireless communication systems.

To meet the growing demand for a wireless network, either an increase in bandwidth or an
increase in spectral efficiency should be used. However, the increase in spectral efficiency is slow
and cannot meet the rapidly growing demand. Using the new spectrum becomes a unigue solution. In
parallel with the development of technologies in the radio frequency domain, there is an additional
potential for the use of optical wireless communication (Optical wireless communication, OWC) as
a new generation of communication systems. The technologies have a number of unique advantages
of VNK, such as a wide spectrum, high data transfer rate, low latency, high security, low cost and
low power consumption [3-5].

In the VNC, ultraviolet or infrared spectra, as well as visible light, can be used as a transmitting
medium. Within the last two bands, communication via visible light (Communication with visible
light, VLC), wireless optics (Free space optics, FSO), communication via an optical camera
(Communication with an optical camera, OCC) are possible. Figure 1 shows the general data
transmission schemes of these technologies, which have individual distinct features and limitations
in application [6-9].

LED matrix/ LCD

laser diode led lamp 5
b display

transmitter - Y e
optical wireless
channel

______ e el s b st - o — e — — g _su— a— S
fetEer photogetector photcidetector camera
FSO A VLC | OCC

Figure 1. Data transmission schemes for optical wireless communication.

VLC technology is the most promising for organizing a data transmission system via optical
wireless communication in a room. An LED lighting device acts as a transmitter, which performs its
main function — lighting the room. Conducting a large amount of research and promoting this
technology is associated with the introduction of LED lighting in the last ten years, since, unlike
traditional lighting infrastructure, semiconductor lighting technology has higher technical and
economic indicators, operational parameters, as well as the ability to create a dynamic comfortable
lighting environment [10]. Inertia-free switching on of LED devices and high switching speed made
it possible to consider LEDs as a means of transmitting information. Separately, it is necessary to
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highlight the possibility of regulating the luminous flux of a light diode in the range of 400-800 THz,
which is 10,000 times more than the radio frequency bandwidth [6, 7].

Thus, due to the qualities of the LED and its wide use in lighting of buildings, buildings and
other objects, their use in data transmission is possible. Data transmission using VLC c technology is
carried out by quickly turning off/on the light source, which simultaneously performs the function of
a lighting device, which is not perceived by the human eye. The flickering of light, which occurs with
a high frequency, allows you to transmit information without changing the level of illumination in
the room. In addition, the VLC player technology has the security of information transmission at the
physical level, resistance to radio frequency electromagnetic interference and free licensing.

Previously, we developed an audio signal transmission system using VLC technology. The
experiments carried out on the system's operability showed that when using conventional LED
lighting devices, it is possible to transmit audio signals in rooms with no more than 20% illumination
from sunlight [11]. Such systems are convenient in rooms without natural lighting (basements,
tunnels, mines, etc.).

This article discusses the system developed by the authors for transferring symbolic data from
one personal computer to another using a white LED lighting using VLC technology.

In VLC systems, methods used for radio frequency communication can be applied, as well as
specific modulation methods are implemented. The main modulation methods are based on two types
of modulation — the modulation of one and several carriers [12-14].

When solving the task, the modulation of a single carrier was used to transmit information. At
the same time, since data was transmitted from the computer port to the microcontroller in the form
of a binary code, when physically encoded, the signal from the microcontroller had the form of a two-
level unipolar NRZ code (Non-return to zero). The difference between the NRZ code and the standard
protocol was as follows: the value of bit 0 occupied two — the absence of a signal, and the value of
bit 1 also occupied two, but the presence of a signal (Fig. 2). The physical encoding used is due to
the fact that when transmitting data (0, 1), the influence of both external and internal distortions
decreases. In two cycles, the distortions occurring during this time are averaged, and the influence is
correspondingly reduced. The presented method of data transmission is planned to be used in the
future for control systems in which the reliability of information is more important than the speed of
data transmission.

4 NRZ code

i
U i i
1 1

| I 1

0 1

4 the code used when transmitting data in the article

I 1 1 [ 1
+1J :

|
I

1 |

0 1

| | |

0 i L
]

Figure 2. Graphical representation of physical coding.

Figure 3 shows the general scheme of data transmission over VLC, which uses physical
encoding. From a personal computer, character data in accordance with the ASCII table (the
American standard code for information exchange) is transmitted to the microcontroller in the form
of a binary code. Discrete signals transmitted from the microcontroller to the LED driver are
represented as physical encoding and transmitted over a digital communication channel over a
distance. In the receiving part of the system, the digital signal from the photodetector is amplified
using an amplifier and fed to the microcontroller. After the microcontroller, the signal in the form of
binary numbers is sent to a personal computer, where, in accordance with the ASCII table, it is
converted into characters.
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Figure 3. General scheme of data transmission using VLC technology.

The appearance of the developed symbolic data transmission system is shown in Fig. 4.

Figure 4. Appearance of the developed data transmission system.

A single-watt Nichiya LED was used as a light source. A solar photocell was used to receive
the signal. The STM32 microcontroller was used to convert the signal (for transmission and
reception).

To date, radio frequency systems cannot meet the high demands of future communication
networks. Optical wireless communication technologies are the best additional solution for the
implementation of intelligent and cost-effective environments. As a result, a data transmission system
using LED lighting has been developed. A new method of physical encoding has been implemented,
which made it possible to reliably transmit characters in ASCII format. Character data transmission
using the-

The coding with a frequency of 2 kHz showed sufficiently stable characteristics with weak
signal distortions. This suggests that there is a possibility of a significant increase in frequency when
using microcontrollers with a higher clock frequency. Testing of the system showed high quality of
data transmission. The results obtained allow us to conclude that this approach can be used in control
systems.
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