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Abstract. Optical wireless communication allows communication of
ultraviolet, infrared, or visible light to carry a signal. Visible light
communication (VLC) is a member of optical wireless communication that
operates in visible band from 390 nm to 750 nm range. VLC uses light emitting
diodes (LED) that is pulsed at very high speed. VLC is known as next potential
communication tool that has made tremendous improvement in wireless
communication technologies. Possible applications areas of VLC are underwater
communication, Li-Fi, vehicle to vehicle communication, in-house applications,
etc. use features of VLC that allows to make an attractive area of research. In
this work, due to features that VLC offers, possible application areas are
presented and discussed.

Keywords: VLC, Li-Fi, vehicle to vehicle communication, access
control system, in-house application.

**k*

AngaTna. ONTUKAIBIK CIMCBHI3 OalIaHbIC YABTPAKYITH, HHPPAKbI3bUI
HeMece KOpIHETIH »apblK apKblIbl CHTHaNl >kidepyre MYMKIHIIK Oepeni.
Kepinerin sxapeiknen Oainanbic (VLC) - 390 um-men 750 HM-re meiiHri
KOPIHETIH JAMana3oH/a )KYMbIC ICTEHTIH ONTUKAJIBIK CHIMCBI3 OailiaHbIC Oeiri.
VLC ete »o0Fapbl )KbUIJAM/IBIKIICH UMITYJILC OepeTiH kapbIK auoarapbid (LED)
naiinananaapl. VLC chIMchI3 OaiilaHbIc TEXHOJOTHUSICBIH €0Yyip KaKcapTKaH
Keneci BIKTUMan Oaitanbic Kypanmbsl periHme Oenrimi. VLC-giH bIKTUMAaN
KOCBIMILIANIAPBI-CY acThl Oainanbichl, Li-Fi, xemik kypamgapbl apacbiHIarbl
Oaitnanbic, [kl KochIMIIanap *oHe T. 0. 3epTTey calachblH TapThIMIbI €TYre
MyMKiHIik OepetiH VLC My™MKiHaikTepiH naiiaananbiHbi3. by skymeicra VLC
YCHIHATBIH MYMKIHJIKTEpAIH apKacblHAa MYMKIH OO0JaThlH KOCBhIMIIAJap
YCBIHBUIAJIbI )KOHE TaIKbIJIaAHAIbI.

Tyiiin ce3nep: VLC, Li-Fi, kenik Kypanaapbl apachlHIarbl OaiiIaHbIC,
KOJI )KeTKI3ya1 Oackapy »kyieci, iki 6aFaapiama.

**k*

AnHoTanus. OnTudeckas OeCrpoBOJIHAS CBs3b IMO3BOJSET IepeaaBaTh
CUTHAJI C TOMOIIBIO YNIbTPadroseTOBOro, MH(PPaKpacHOro UM BUIMMOIO CBETA.
Cas3b ¢ BuguMbIM cBeToM (VLC) sBisieTcst 4acTbio ONTHYECKON O0ecrpoOBOIHOMN
CBSI3U, KOTOpasi paboTaer B BUAUMOM auanazoHe oT 390 um po 750 um. VLC
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ucronb3yet cetoauoanrl (LED), koTopble NyabCHPYIOT C OYEHb BBICOKOM
ckopocThio. VLC u3BecTeH Kak CciaeayoUil NOTeHIIUaIbHbIH HHCTPYMEHT CBSI3H,
KOTOpBI  3HAUMUTEIBHO  YIYYIIWI TEXHOJOrMH  OecpOBOAHOW  CBSI3M.
Bo3moskubiMu oOmacTsimu ipumerenuss VLC sSBistiroTes moBoAHas cBs3b, Li-Fi,
CBSI3b MEXKAY TPAaHCHOPTHBIMHM CPEJICTBAMH, BHYTPEHHHE MPHUIOKEHUS U T.1.
ucnoap3yiite Bo3mMoxHoctd VLC, uro mo3BoiisieT cienaTh NpPUBIEKATEIbHON
obnacte wmccinenoBanuii. B aToil pabote, Omaromaps (QyHKIUSM, KOTOPBIC
npemraraer  VLC, mnpeacraBieHbl W OOCYXKICHBI BO3MOXKHBIC —00JIACTH
MPUMEHEHHUS.

KawoueBbie caoBa: VLC, Li-Fi, cBi3p Mexay TpaHCIOPTHBIMHU
CpeICTBaMU, CUCTeMa KOHTPOJIS JOCTYIa, BHYTPEHHEE MPUIIOKEHHE.

Introduction

Visible light communication (VLC) is a subset of optical wireless
communication technologies that uses visible light for data communication.
Fluorescent lamps and light emitting diodes (LED) are both can be used in a
visible spectrum offering different amounts of signals over short distances.
Signal transmission rate for using LED is up to 500 Mbit/s whereas for
fluorescent lamps rate is 10 kbit/s. LED and photodiode take main role during
communication. LED is used as a transmitter or source. Photodiode is a receiver,
and devices that contain a photodiode receive signal from light sources. VLC
offers high speed internet access initially in the indoor environment.

Radio Frequency (RF) communication is widely used in many areas.
However, discovery of VLC decreases usage of RF signals that also used for
same purposes. Compared to RF communication VLC uses less power
consumption and it is power efficient system. Bandwidth of VLC is higher than
RF. Frequency range for VLC is from 430 THz to 790 THz, and for RF this
property is from 3 KHz to 300 MHz. RF communication is harmful when high
power is used for transmission. Fortunately, there is no health risk involved in
VLC. One benefit of RF communication is it is not visible, and no light is
required. But its installation is harder than VLC and it depends on indoor/outdoor
applications [1]. VLC is good for short range and indoor applications, but RF is
ideal for long distance and both indoor and outdoor applications.

According to the recent forecasts, it is expected that mobile data traffic
will grow with an aggregate annual growth rate of 47% between 2016 and 2021
[2]. Taking into consideration of the high congestion of the radio spectrum, an
additional solution is necessary, and VLC is one of the potential candidates to
provide complementary spectrum. Many researches are being done for
increasing conventional approaches of VLC. For instance, researches in Pi-Lab
is concentrated on extending the data rates supported by LED infrastructure
developing polymer LEDs [2].

The main characteristics of VLC like low power consumption, no health
hazard, high bandwidth and unlicensed channels allows to its implementation in
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many applications including Li-Fi, WLAN, underwater communication, vehicle
to vehicle communication, hospitals, etc. In this work, various types of
applications in different area that are based on VLC are described and discussed.

Applications of VLC

Applications of visible light communication are found in many fields.
These applications use visible light for communication to afford strong security
and high-speed internet in a short range. Potential applications are discussed in
this section.

Li-Fi

Li-Fi is a visible light communication system (VLC) that uses light to
send wireless data embedded in its beam. A Li-Fi enabled device converts a
beam of light into an electrical signal. Then the signal is converted back to data.
This term was coined by German physicist Harald Haas during TED Talk in
2011. He foresaw the idea of using light bulbs as wireless routers [3]. Benefits
of using Li-Fi is its data density is reduced, and there is no interference. Unlike
Wi-Fi, speed of internet in Li-Fi is higher. Due to its impressive speed, Li-Fi can
have a huge impact on the Internet of things. Given that data is transmitted at a
much higher level, even more devices connected to the Internet will be able to
communicate with each other [4]. Considering unavailability of travelling light
through walls, Li-Fi signal is secure in a physical space. Li-Fi has a smaller range
than Wi-Fi, and therefore it is safer in this regard. Although this parameter can
be taken into account as its disadvantage, it is worth noting that from the point
of view of the security of data transmission, a shorter range can also be
considered as a positive side. This can be very useful in industries that process a
large amount of confidential data, for example, in healthcare [4]. The company,
founded by Professor Herald Haas in 2012, known as pureLifi, conducts
experiments and actively explores achievements in this field [3]. Startup
Velmenni, is at the forefront of this technological revolution in India [5]. All
sources of research say this technology has the potential to become ubiquitous.

Vehicle to vehicle communication

Vehicle to vehicle (V2V) communication uses wireless network to
exchange information between vehicles about them using sensors and dedicated
short-range radio communication (DSRC) devices [6]. The information consists
speed, direction, braking status, location and loss of stability. Unlike ultrasonic
sensors, radars, and cameras, capability range of V2V communication is longer
(300 meters). Applications of V2V communication informs about dangerous
situations earlier and more effectively. In the hybrid VLC/RF system, vehicle
lights and traffic light infrastructure is used for the interest of VCL
communication and radio frequency as shown in Figure 1 [7]. VLC can reach
reliably to the information that vehicles disperse with low latency. Li-Fi can be
used in order to work with extremely low latency in safety communication of
vehicles [8].
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Figure 1. Hybrid VLC/RF system

In-house applications

VLC gives benefits of using in indoor applications. Poves et al. [9]
presented a remote access application using VLC. The application provides
wireless access to remote computers. Tablet interface communicated with X
display manager via XDMCP with computer that allows to transmit large amount
of data over uplink and downlink. Another feature of the system is its availability
to combine with multiuser and low-cost scalability. The authors also suggest that
this kind of system also can be used in hospitals or avionics, where EMI problem
is minimized. In hospitals patients are monitored by systems using OCDMA
technique and several low-rate sensors.

Access control system

In terms of security needs VLC offers high security level, thus data range
is short and the data can be accessed only in visible light area. Xue et al. [10]
proposed access control system joined with VLC to design Hamming-encoded
VLC access control system. The system consists of an optical key terminal and
access control terminal. The optical key terminal sends information that is
received by access control terminal. User’s identity information is stored in a
chip of optical key terminal, and password information verifies passed through
the access control. The access control receives visible light and records
information such as frequency and time. After that access control checks
correctness of the information inn database. If the key is right, then the access
control alarms. Hamming code analyzes the performance of the system. The
results show that Hamming code effectively reduces the error rate of the system.
Further work improves the security level and increases the cost of cracking.

Latif Ullah Khan discussed other area where VLC benefits and can be
applied [11]. Other than Li-Fi and V2V communication, VLC can be useful in
underwater communication, hospitals, information displaying signboards,
visible light ID system, sound communication system, wireless local area
network, etc. In hospitals VLC decreases safety issues replacing radio frequency
in electromagnetic wave sensitive areas which is harmful for human body [12].
Visible light ID system identifies in which room and certain building the user is
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located [11]. In transmission of music signals RGB LEDs are used [13]. When
setting up local area network (LAN) LED based VLC is can be used [14].
Ineffectiveness of radio frequency waves underwater can be changed by VLC
communication where data transmission is done effectively [15].

Conclusion

Visible light communication has a high bandwidth, it is not hazardous to
health of human body, creates high level of security, and in electromagnetic
areas it has no interference with radio waves. These s features made VLC an
attractive technique for the next level of communication. Compared to analogue
Wi-Fi that radio frequency, Li-Fi is several times faster (250 times faster in some
references). VLC’s potential application areas such as security system, access
control systems, hospitals, Li-Fi, traffic communication systems, vehicle to
vehicle communication, and underwater communication have made visible light
communication an attractive area of research.
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