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A brief review is devoted to an evolving technology of visible light communication. The 
information volume transferred between users is increasing and visible light communica-
tion is becoming the option for organizing information transfer channel due to the license 
free broadcasting frequency range, high communication channel capacity, high noise-im-
munity, and high-level communication channel security. The paper presents various data 
transfer systems based on white phosphor LEDs and RGB LEDs by various modulation 
and signal processing schemes to increase the data rate. 
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1. INTRODUCTION 

The increasing of data rate transfer is a novel challenge 
for researchers and engineers. The data volume grows 
up extensively every year and data transfers technolo-
gies have to answer this challenge. Radio frequency 
(RF) range already involved in various communication 
systems, but it has restrictions on the carrier frequency 
and broadcast band. Furthermore, the Internet of Things 
(IoT) is intensively growing field of industry and it re-
quires the high quality, secure, and wide-range band-
width communication between devices The visible light 
communication is one of technologies solving the RF 
range problems. 

Visible light communication (VLC) is a novel tech-
nology of data transfer using the visible light for data 
transfer by LEDs and laser diodes. The usage of optical-
frequency carrier allows organize secure data transmis-
sion channel which does not require any licenses for 
broadcast bandwidth. VLC systems potentially have 
10000 times more channel capacity than RF wireless 
communication systems due to working at frequency 
range of 400–800 THz. 

One of VLC technologies is the Li-Fi (Light Fidelity) 
[1–3]. Li-Fi is a duplex wireless data transfer system im-
plementing intensity modulated LED-based lightning. 
The LEDs radiation intensity modulation at high fre-
quencies is not noticeable to the human eye, however, it 
is successfully detected by modern semiconductor pho-
todetectors, which allow to combine two functions into 
one Li-Fi system — artificial lightning and broadband 
Internet access [4,5]. 

White phosphor LEDs are widely implemented as ar-
tificial lighting sources now. But the maximum data trans-
fer rate with phosphor LEDs is limited because phosphor 
has a long upper-state lifetime about 5–20 ns. Thus, the 
phosphor significantly restricts the LEDs bandwidth, typ-
ically at frequencies about 50–200 MHz [6]. 

The alternative sources of the white light are the RGB 
(red, green, blue) LEDs which consist of three chips radiat-
ing three visible wavelengths — red, green, and blue. This 
LEDs are not limited by the upper-state lifetime of the phos-
phor and have wider bandwidth up to 300–500 MHz [7]. 
Besides, the VLC systems based on the RGB LEDs are able 
to utilize the wavelength division multiplexing leading to 
the growth of the transfer data rate [8]. 
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2. WIRELESS COMMUNICATION BASED ON 
PHOSPHOR LEDS 

In visible communication systems, the IM–DD (intensity 
modulation–direct detection) method is frequently used, 
which allows to simplify transmission and receiving of op-
tical signal but has a lower noise immunity compared to 
other methods of coherent detection (Fig. 1). 

The first VLC systems used the OOK (on-off keying) 
modulation scheme due to its ease of implementation [9–11]. 
However, such a modulation scheme has a wide broadcast 
band, and provides low data rates (10–100 Mbit/s) [9]. 

VLC system proposed in Ref. [12] uses a blue laser 
diode (LD) with a cerium(III)-doped yttrium aluminum 
garnet (YAG:Ce) phosphor as transmitter. It is shown the 
application of YAG:Ce phosphor and blue LD provides 
significant increase in the bandwidth of the radiation 
source because a LED has bandwidth about 100 MHz, 
but a LD has bandwidth about 1 GHz. Thus, the authors 
obtained wireless optical communication channel with 
data rate of about 2 Gbit/s. 

The data rate of VLC systems with OOK modulation 
is limited by the narrow bandwidth of LEDs, therefore, 
multiplexing of the communication channel was sug-
gested to increase data rate. Orthogonal frequency divi-
sion multiplexing (OFDM) [13–15] was proposed as one 
of the options for multiplexing in Li-Fi systems, with first 
application for VLC systems in 2001 [16]. 

The OFDM technology makes it possible to increase 
the efficiency of using the radio frequency spectrum, sim-
plify the hardware of the receiving and transmitting mod-
ules, reduces the impact of inter-symbol interference (ISI) 
and inter-subcarrier interference (ICI), which ensures the 
possibility of multipath signal propagation, and allows the 
use of various modulation schemes for each subcarrier to 
provide the best compromise between system noise im-
munity and data rate. 

However, the OFDM technology needs to be adapted 
for effective work in the VLC systems. For example, in 
Ref. [17] the authors proposed to implement novel original 
technologies: asymmetrically clipped optical OFDM 
(ACO-OFDM) on odd subcarriers and DC biased optical 
OFDM (DCO-OFDM) on even subcarriers, which allows 
obtaining the values of the bit error ratio (BER) about 10–4 
and one bit energy to the noise power density ratio in addi-
tive white Gaussian noise (AWGN) from 10 dB to 25 dB. 

In Ref. [18] D.W. Dawoud et al. proposed another 
novel method of unipolar OFDM technology (U-OFDM) 
for data transfer in VLC systems. The authors presented 
simulation results for IM–DD channels of VLC systems 
and showed that the designed modulation method would 
allow increasing the signal to noise ratio (SNR) by at 
least 3 dB relative to the well-known ACO-OFDM 

technology, and up to 10 dB compared to DCO-OFDM 
modulation scheme. 

The power supply of LED lighting sources is most of-
ten realized by means of pulse-width modulation (PWM) 
at frequencies of several kHz which also makes it possible 
to dim the lighting by changing the PWM duty cycle. 
H. Elgala and T.D.C. Little in their work [19] presented 
the results of modeling reverse polarity optical OFDM 
(RPO-OFDM) technology for gigabit VLC networks. The 
technology proposed by the authors performs optical 
OFDM (O-OFDM) modulation of the PWM signal that 
feeds the LED lighting device in such a way, that during 
the high-level state of the PWM signal, reverse polarity O-
OFDM modulation is performed, and during the low-level 
state of the PWM signal, direct O-OFDM modulation is 
used. The authors showed that the use of RPO-OFDM 
makes it possible to transmit data through a dimmable 
lighting device with BER values from 10–6. 

Modulation schemes in VLC systems are not limited 
to OFDM technology. For example, in Ref. [20] carrier-
less amplitude-phase modulation (CAP) is used to modu-
late a commercially available phosphor white LED. As a 
result, the authors were able to demonstrate a data rate of 
1.1 Gbit/s with a maximum BER of 10–3 at a distance of 
23 cm between transmitter and receiver. BER measure-
ments for 128-CAP, 64-CAP, 32-CAP modulations at 
110 MBaud, 170 MBaud, and 220 MBaud symbol rates 
with and without pre-compensation were presented. 

The limiting modulation frequency of phosphor LEDs 
is defined by the frequency response of the phosphor. Con-
sequently, it is not possible to obtain data rates of more 
than 1–2 Gbit/s. VLC systems based on RGB LEDs ena-
ble channel multiplexing not only by OFDM methods, but 
also by wavelength division multiplexing (WMD) meth-
ods, where each color of an RGB LED transmits a separate 

Fig. 1. Wireless optical communication system in the visible 
wavelength range. 
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parallel information flow, which allows to significantly in-
crease the data rate. 

3.  WIRELESS COMMUNICATION BASED ON 
RGB LEDS 

RGB LEDs permit to significantly increase the data rate in 
VLC systems due to the absence of a phosphor in them 
that limits the bandwidth of the LED, as well as the possi-
bility of using WDM for parallel transmission of infor-
mation to channels at different wavelengths of visible ra-
diation (Fig. 2). 

In Ref. [8] authors presented a VLC system based on 
RGB LEDs with a downlink organized using red and 
green colors of radiation, and an uplink using a phosphor 
LED. Most often, LEDs have a rather steep slope in the 
amplitude-frequency characteristic, so the authors used 
pre- and post-equalization to obtain a flat frequency re-
sponse. Quadrature amplitude modulation orthogonal 
frequency-division multiplexing (QAM-OFDM) tech-
nology of modulation with 64 subcarriers was used, 
which made it possible to provide a bit rate with maxi-
mum value of 575 Mbit/s with a BER of about 10–3. 
However, data transmission was carried out at distances 
up to 80 cm, which does not allow using the proposed 
system for combining illumination and data transfer. 

Due to narrow bandwidth of LEDs, it becomes neces-
sary to efficiently use the available bandwidth to modulate 
the radiation. To do this, discrete multitone modulation, 
which occupies the entire available frequency spectrum is 
used. Thus, in works [21–23] authors reached the data 
rates up to 3.4 Gbit/s, using various equalization algo-
rithms on the receiving side. However, in these works, rec-
ord data rates were achieved by the calculation method. In 
laboratory conditions, at relatively short distances be-
tween the receiver and transmitter (up to 1 m), the bit rate 
was measured for each channel of the WDM system, after 
which, using mathematical calculations, rates from 1.25 to 
3.4 Gbit/s were obtained. 

Data rates over 4 Gbit/s per channel have been obtained 
by other methods of signal modulation. The paper [24] pre-
sents a data transfer rate of up to 4.4 Gbit/s for each WDM 
channel, but laser diodes of three RGB wavelengths were 
used as a transmitter, since laser diodes have a much higher 
speed than LEDs. The BER was about 3∙10–3 with an SNR 
of 15.3 and an error vector amplitude of about 17%. How-
ever, the distance between the transmitter and receiver re-
mained low, about 20 cm, which limits the application pos-
sibilities of this scheme. 

Data transmission for a longer distance in the VLC 
system was presented by Y. Wang et al. [25]. The authors 
demonstrated a VLC system based on RGB LEDs, which 
allowed obtaining data rates up to 4.5 Gbit/s and a BER 

of the order of 3.8∙10–3 at a distance of more than 1.5 m. 
This data rate was obtained by CAP modulation scheme 
combined with recursive least square based adaptive 
equalization. 

4. VLC SYSTEMS COMPATIBLE WITH IEEE 
802.11 PROTOCOL  

The inception of VLC systems into the existing infrastruc-
ture is costly due to the different set of architectures and 
data transfer protocols. Therefore, in the early stages of the 
growth of the VLC market, solutions as compatible as pos-
sible with current data transmission systems are needed. 
At the moment, the most common family of standards 
governing wireless networks is the IEEE 802.11. In 
Refs. [26–28], a duplex VLC system based on white phos-
phor LEDs and compatible with existing Ethernet net-
works was presented. The transmitter was based on a Wi-
Fi modem with output signal adapted to modulate LEDs, 
that made it possible to connect the system to the Internet 
without additional interfaces. According to calculations, 
the expected data transfer rate should have been up to 
100 Mbit/s at a distance of up to 4 meters between the 
transmitter and receiver, however, due to the effect of ad-
ditive white Gaussian noise on the communication chan-
nel, the speed was 40 Mbit/s at this distance. 

A similar system, but based on RGB LEDs, was pre-
sented in Refs. [29–31]. An Internet connection speed of 
65 Mbit/s at a distance of 2 m between the transmitter and 
receiver, and 42 Mbit/s at a distance of 4 m was demon-
strated. Moreover, the use of RGB LEDs as a source of 
radiation allows to control the color of lighting within the 
Human Centric Lighting concept. This concept proposes 
to introduce adaptive artificial lighting, which will change 

Fig. 2. Visible light communication system based on RGB LEDs. 
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color in accordance with the change in color during day-
light hours of a natural lighting — the Sun. Such an adap-
tive change in lighting can favorably affect the productiv-
ity and overall well-being of consumers [32,33]. 

5. CONCLUSION 

Developing visible light transmission technology can 
solve several existing problems inherent in radio fre-
quency wireless networks. VLC systems do not require li-
censing of the broadcasting frequency range, data trans-
mission has a high security level due to the fact that it is 
limited to direct visibility between the transmitter and re-
ceiver and allows to combine the functions of lighting and 
data transmission in one device, which will improve en-
ergy efficiency and ergonomics of household devices. 

Li-Fi technologies has high noise immunity, inter-
symbol interference and interference between subcarriers, 
and the review shows that data transmission over visible 
light can provide users with high-speed Internet access at 
data rates of the order of several Gbit/s, and the increasing 
use of RGB LEDs for development of such systems will 
improve the quality of lighting within the concept of Hu-
man Centric Lighting. 

The application of VLC technology is becoming rele-
vant due to the intensive development of the IoT, which 
requires the presence of broadband communication chan-
nels that will not interfere with each other. Taking into 
consideration the small information volumes from IoT de-
vices, Li-Fi is becoming the most appropriate way to trans-
fer information between IoT devices. 

REFERENCES 

[1] H. Haas, L. Yin, Y. Wang, C. Chen, What is lifi? Journal 
of Lightwave Technology, 2015, vol. 34, no. 6, pp. 1533–
1544. 

[2] A. Sarkar, S. Agarwal, A. Nath, Li-Fi technology: data 
transmission through visible light, International Journal 
of Advance Research in Computer Science and Manage-
ment Studies, 2015, vol. 3, no. 6, pp. 1–12.  

[3] D. Tsonev, S. Videv, H. Haas, Light fidelity (Li-Fi): to-
wards all-optical networking, Proceedings of SPIE, 2014, 
vol. 9007, art. no. 900702. 

[4] Y. Wang, H. Haas, Dynamic load balancing with hando-
ver in hybrid Li-Fi and Wi-Fi networks, Journal of Light-
wave Technology, 2015, vol. 33, no. 22, pp. 4671–4682.  

[5] H. Haas, LiFi is a paradigm-shifting 5G technology, Re-
views in Physics, 2018, vol. 3, pp. 26–31. 

[6] H. Le Minh, D. O'Brien, G. Faulkner, L. Zeng, K. Lee, D. 
Jung, Y. Oh, 80 Mbit/s visible light communications using 
pre-equalized white LED, in: 2008 34th European Con-
ference on Optical Communication, IEEE, 2008. 

[7] Y. Wang, Y. Wang, N. Chi, J. Yu, H. Shang, Demonstra-
tion of 575-Mb/s downlink and 225-Mb/s uplink bi-direc-
tional SCM-WDM visible light communication using 

RGB LED and phosphor-based LED, Optics Express, 
2013, vol. 21, no. 1, pp. 1203–1208.  

[8] H. Chun, S. Rajbhandari, G. Faulkner, D. Tsonev, E. Xie, 
J.J.D. McKendry, E. Gu, M.D. Dawson, D.C. O'Brien, H. 
Haas, LED based wavelength division multiplexed 10 
Gb/s visible light communications, Journal of Lightwave 
Technology, 2016, vol. 34, no. 13, pp. 3047–3052.  

[9] T. Komine, M. Nakagawa, Fundamental analysis for vis-
ible-light communication system using LED lights, IEEE 
Transactions on Consumer Electronics, 2004, vol. 50, 
no. 1, pp. 100–107. 

[10] E. Cho, J.H. Choi, C. Park, M. Kang, S. Shin, Z. 
Ghassemlooy, C.G. Lee, NRZ-OOK signaling with LED 
dimming for visible light communication link, in 2011 
16th European Conference on Networks and Optical 
Communications, IEEE, 2011, pp. 32–35.  

[11] Y. Zhao, J. Vongkulbhisal, Design of visible light com-
munication receiver for on-off keying modulation by 
adaptive minimum-voltage cancelation, Engineering 
Journal, 2013, vol. 17, no. 4, pp. 125–130. 

[12] C. Lee, C. Shen, H.M. Oubei, M. Cantore, B. Janjua, T.K. 
Ng, R.M. Farrel, M.M. El-Desouki, J.S. Speck, S. Naka-
mura, B.S. Ooi, S.P. DenBaars, 2 Gbit/s data transmis-
sion from an unfiltered laser-based phosphor-converted 
white lighting communication system, Optics Express, 
2015, vol. 23, no. 23, pp. 29779–29787. 

[13] Q. Wang, Z. Wang, L. Dai, Asymmetrical hybrid optical 
OFDM for visible light communications with dimming 
control, IEEE Photonics Technology Letters, 2015, 
vol. 27, no. 9, pp. 974–977. 

[14] T. Komine, S. Haruyama, M. Nakagawa, Performance 
evaluation of narrowband OFDM on integrated system of 
power line communication and visible light wireless com-
munication, in: 2006 1st International Symposium on 
Wireless Pervasive Computing, IEEE, 2006. 

[15] M.Z. Afgani, H. Haas, H. Elgala, D. Knipp, Visible light 
communication using OFDM, in: 2nd International Con-
ference on Testbeds and Research Infrastructures for the 
Development of Networks and Communities, IEEE, 
2006. 

[16] Y. Tanaka, T. Komine, S. Haruyama, M. Nakagawa, In-
door visible communication utilizing plural white LEDs 
as lighting, in: 12th IEEE International Symposium on 
Personal, Indoor and Mobile Radio Communications, 
IEEE, 2001, pp. F-81–F-85.  

[17] S.D. Dissanayake, K. Panta, J. Armstrong, A novel tech-
nique to simultaneously transmit ACO-OFDM and DCO-
OFDM in IM/DD systems, in: 2011 IEEE GLOBECOM 
Workshops (GC Wkshps), IEEE, 2011, pp. 782–786. 

[18] D.W. Dawoud, F. Héliot, M.A. Imran, R. Tafazolli, A 
novel unipolar transmission scheme for visible light com-
munication, IEEE Transactions on Communications, 
2019, vol. 68, no. 4, pp. 2426–2437. 

[19] H. Elgala, T.D. Little, Reverse polarity optical-OFDM 
(RPO-OFDM): dimming compatible OFDM for gigabit 
VLC links, Optics Express, 2013, vol. 21, no. 20, pp. 
24288–24299. 

[20] F.M. Wu, C.T. Lin, C.C. Wei, C.W. Chen, H.T. Huang, 
C.H. Ho, 1.1-Gb/s white-LED-based visible light commu-
nication employing carrier-less amplitude and phase 
modulation, IEEE Photonics Technology Letters, 2012, 
vol. 24, no. 19, pp. 1730–1732.  

[21] C. Kottke, J. Hilt, K. Habel, J. Vučić, K.D. Langer, 1.25 
Gbit/s visible light WDM link based on DMT 

https://doi.org/10.1109/JLT.2015.2510021
https://doi.org/10.1109/JLT.2015.2510021
https://doi.org/10.1109/JLT.2015.2510021
https://doi.org/10.1117/12.2044649
https://doi.org/10.1117/12.2044649
https://doi.org/10.1117/12.2044649
https://doi.org/10.1109/JLT.2015.2480969
https://doi.org/10.1109/JLT.2015.2480969
https://doi.org/10.1109/JLT.2015.2480969
https://doi.org/10.1016/j.revip.2017.10.001
https://doi.org/10.1016/j.revip.2017.10.001
https://doi.org/10.1109/ECOC.2008.4729532
https://doi.org/10.1109/ECOC.2008.4729532
https://doi.org/10.1109/ECOC.2008.4729532
https://doi.org/10.1109/ECOC.2008.4729532
https://doi.org/10.1364/OE.21.001203
https://doi.org/10.1364/OE.21.001203
https://doi.org/10.1364/OE.21.001203
https://doi.org/10.1364/OE.21.001203
https://doi.org/10.1364/OE.21.001203
https://doi.org/10.1109/JLT.2016.2554145
https://doi.org/10.1109/JLT.2016.2554145
https://doi.org/10.1109/JLT.2016.2554145
https://doi.org/10.1109/JLT.2016.2554145
https://doi.org/10.1109/JLT.2016.2554145
https://doi.org/10.1109/TCE.2004.1277847
https://doi.org/10.1109/TCE.2004.1277847
https://doi.org/10.1109/TCE.2004.1277847
https://doi.org/10.1109/TCE.2004.1277847
https://doi.org/10.4186/ej.2013.17.4.125
https://doi.org/10.4186/ej.2013.17.4.125
https://doi.org/10.4186/ej.2013.17.4.125
https://doi.org/10.4186/ej.2013.17.4.125
https://doi.org/10.1364/OE.23.029779
https://doi.org/10.1364/OE.23.029779
https://doi.org/10.1364/OE.23.029779
https://doi.org/10.1364/OE.23.029779
https://doi.org/10.1364/OE.23.029779
https://doi.org/10.1364/OE.23.029779
https://doi.org/10.1109/LPT.2015.2404972
https://doi.org/10.1109/LPT.2015.2404972
https://doi.org/10.1109/LPT.2015.2404972
https://doi.org/10.1109/LPT.2015.2404972
https://doi.org/10.1109/ISWPC.2006.1613633
https://doi.org/10.1109/ISWPC.2006.1613633
https://doi.org/10.1109/ISWPC.2006.1613633
https://doi.org/10.1109/ISWPC.2006.1613633
https://doi.org/10.1109/ISWPC.2006.1613633
https://doi.org/10.1109/TRIDNT.2006.1649137
https://doi.org/10.1109/TRIDNT.2006.1649137
https://doi.org/10.1109/TRIDNT.2006.1649137
https://doi.org/10.1109/TRIDNT.2006.1649137
https://doi.org/10.1109/TRIDNT.2006.1649137
https://doi.org/10.1109/PIMRC.2001.965300
https://doi.org/10.1109/PIMRC.2001.965300
https://doi.org/10.1109/PIMRC.2001.965300
https://doi.org/10.1109/PIMRC.2001.965300
https://doi.org/10.1109/PIMRC.2001.965300
https://doi.org/10.1109/GLOCOMW.2011.6162561
https://doi.org/10.1109/GLOCOMW.2011.6162561
https://doi.org/10.1109/GLOCOMW.2011.6162561
https://doi.org/10.1109/GLOCOMW.2011.6162561
https://doi.org/10.1109/TCOMM.2019.2963377
https://doi.org/10.1109/TCOMM.2019.2963377
https://doi.org/10.1109/TCOMM.2019.2963377
https://doi.org/10.1109/TCOMM.2019.2963377
doi:%2010.1364/OE.21.024288
doi:%2010.1364/OE.21.024288
doi:%2010.1364/OE.21.024288
doi:%2010.1364/OE.21.024288
https://doi.org/10.1109/LPT.2012.2210540
https://doi.org/10.1109/LPT.2012.2210540
https://doi.org/10.1109/LPT.2012.2210540
https://doi.org/10.1109/LPT.2012.2210540
https://doi.org/10.1109/LPT.2012.2210540
doi:%2010.1364/ECEOC.2012.We.3.B.4
doi:%2010.1364/ECEOC.2012.We.3.B.4


66 D.S. Shiryaev, K.R. Razzhivina, I.S. Polukhin, V.E. Bougrov 

modulation of a single RGB LED luminary, in: Euro-
pean Conference and Exhibition on Optical Communi-
cation, OSA Technical Digest (online), Optica Publising 
Group, 2012, art. no. We.3.B.4. 

[22] G. Cossu, A.M. Khalid, P. Choudhury, R. Corsini, E. 
Ciaramella, 2.1 Gbit/s visible optical wireless transmis-
sion, in: European Conference and Exhibition on Optical 
Communication, OSA Technical Digest (online), Optica 
Publising Group, 2012, art. no. P4.16. 

[23] G. Cossu, A.M. Khalid, P. Choudhury, R. Corsini, E. 
Ciaramella, 3.4 Gbit/s visible optical wireless transmis-
sion based on RGB LED, Optics Express, 2012, vol. 20, 
no. 26, pp. B501–B506. 

[24] B. Janjua, H.M. Oubei, J.R.D. Retamal, T.K. Ng, C.T. 
Tsai, H.Y. Wang, Y.C. Chi, H.C. Kuo, G.R. Lin, J.H. He, 
B.S. Ooi, Going beyond 4 Gbit/s data rate by employing 
RGB laser diodes for visible light communication, Optics 
Express, 2015, vol. 23, no. 14, pp. 18746–18753. 

[25] Y. Wang, X. Huang, L. Tao, J. Shi, N. Chi, 4.5-Gb/s 
RGB-LED based WDM visible light communication sys-
tem employing CAP modulation and RLS based adap-
tive equalization, Optics Express, 2015, vol. 23, no. 10, 
pp. 13626–13633. 

[26] O.A. Kozyreva, I.S. Polukhin, D.S. Shiryaev, S.A. 
Shcheglov, A.I. Borodkin, E.Z. Gareev, D.V. Kondakov, 
Y.A. Matveev, M.A. Odnoblyudov, V.E. Bougrov, Wire-
less local data transmission network through LED light-
ing compatible with IEEE 802.11 protocol communica-
tion systems, in: Journal of Physics: Conference Series, 
2019, vol. 1236, no. 1, art. no. 012085. 

[27] Z. Zeng, M.D. Soltani, Y. Wang, X. Wu, H. Haas, Real-
istic indoor hybrid WiFi and OFDMA-based LiFi 

networks, IEEE Transactions on Communications, 2020, 
vol. 68, no. 5, pp. 2978–2991.  

[28] M.D. Soltani, M.A. Arfaoui, I. Tavakkolnia, A. Ghrayeb, 
M. Safari, C.M. Assi, M.O. Hasna, H. Haas, Bidirectional 
optical spatial modulation for mobile users: Toward a 
practical design for LiFi systems, IEEE Journal on Se-
lected Areas in Communications, 2019, vol. 37, no. 9, 
pp. 2069–2086. 

[29] D.S. Shiryaev, O.A. Kozyreva, I.S. Polukhin, S.A. 
Shcheglov, S.A. Degtiareva, M.A. Odnoblyudov, V.E. 
Bougrov, The Intellectual Lighting and Data Transmis-
sion System based on RGBW Light Emitting Diodes, 
Light & Engineering, 2021, vol. 29, no. 1, pp. 63–68. 

[30] D.S. Shiryaev, O.A. Kozyreva, I.S. Polukhin, A.I. Bo-
rodkin, M.A. Odnoblyudov, V.E. Bougrov, Visible Light 
Communication System with Changing Lighting Color, 
in: International Youth Conference on Electronics, Tele-
communications and Information Technologies, Springer 
Proceedings in Physics, vol. 255, ed. by E. Velichko, M. 
Vinnichenko, V. Kapralova, Y. Koucheryavy, Springer, 
Cham, 2021, pp. 213–221. 

[31] L. Grobe, A. Paraskevopoulos, J. Hilt, D. Schulz, F. 
Lassak, F. Hartlieb, C. Kottke, V. Jungnickel, K.-D. 
Langer, High-speed visible light communication sys-
tems, IEEE Communications Magazine, vol. 51, no. 12, 
pp. 60–66. 

[32] M.G. Figueiro, M.S. Rea, The effects of red and blue 
lights on circadian variations in cortisol, alpha amylase, 
and melatonin, International Journal of Endocrinology, 
2010, vol. 2010, art. no. 829351. 

[33] J. Randall, Real-time lighting system for large group in-
teraction, SB Thesis, Massachusetts Institute of Technol-
ogy, Cambridge, Massachusetts, 2002, pp. 1–12. 

 
 
 
УДК 621.391.63 

Связь в видимом диапазоне длин волн: краткий обзор 

Д.С. Ширяев, К.Р. Разживина, И.С. Полухин, В.Е. Бугров 

Институт перспективных систем передачи данных, Университет ИТМО, Кронверкский пр., 49, лит. A, Санкт-Петербург 
197101, Россия 

 

Аннотация. Короткий обзор посвящен такой развивающейся технологии, как связь по видимому диапазону длин волн. С 
ростом количества передаваемой информации между пользователями связь по видимому свету становится все более актуаль-
ной опцией организации каналов передачи информации благодаря отсутствию необходимости лицензировать частотный диа-
пазон вещания, высокой емкостью канала связи, высокой помехоустойчивости, высокой защищенности канала связи. В ра-
боте представлены различные системы передачи данных на основе белых люминофорных светодиодов и RGB светодиодов, 
которые используют различные схемы модуляции и обработки сигнала для повышения скорости передачи информации. 

Ключевые слова: связь в видимом диапазоне длин волн (VLC); оптическая беспроводная связь (OWC); free space optics 
(FSO); OFDM, QAM модуляция; Li-Fi 
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