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I. INTRODUCTION

THE INCREASING number of smart devices in differ-
ent forms and capabilities combined with the worldwide

adoption of advanced multimedia applications are contribut-
ing to the significant growth of the mobile data traffic. The
fifth generation (5G) and beyond-5G wireless networks aim
at providing wireless connectivity with very high data rates,
low latency, high reliability, and scalability, and will sup-
port the emerging Internet-of-Things (IoT) applications and
services with massively interconnected devices [items 1), 2)
in the Appendix].
Considering the on-going demand for the use of radio

frequency (RF) technologies with a limited spectrum in IoT-
based applications, optical wireless communication (OWC)
systems are seen as a serious complementary or alterna-
tive solution to the RF technologies in certain application
areas, thus allowing the use of RF in applications with
high-degree of mobility. By offering significant technical
and operational advantages, OWC has received increasing
attention within the research community. It is believed that,
OWC, and in particular visible light communications (VLC),
will revolutionize the telecommunications marketplace cur-
rently dominated by the RF technology [items 3), 4) in the
Appendix].

II. PROMISES AND CHALLENGES OF OWC FOR
EMERGING APPLICATIONS
In outdoor applications, free-space optical (FSO) communi-
cations is well known as a promising wireless access technol-
ogy offering numerous advantages, including the availability
of huge license-free spectrum, low implementation cost, and
robustness to RF electromagnetic interference [items 5), 6) in
the Appendix]. Current FSO technology promises fiber-like
data rates with far lower deployment cost and complexity
than fiber alternatives. However, the practical deployment of
FSO links and their integration in future wireless networks
comes with a number of challenges. In particular, (i) the
performance degradation under relatively strong atmospheric
conditions; (ii) the requirement to precise beam alignment;
and (iii) the vulnerability to adverse weather conditions such
as thick fog, low clouds, snow, etc., impose careful link
budget estimation and the use of efficient techniques for
mitigating turbulence, pointing errors and severe channel
loss, in particular in long-haul links [items 5), 7), 8) in
the Appendix]. In particular, FSO links on high mobility

platforms, require precise and reactive channel estima-
tion and time synchronization in addition to accurate and
agile beam tracking to ensure high link reliability. This is
also the case for aerial or aerospace FSO links, including
inter-satellite and satellite-to-ground links, and unmanned
aerial vehicle (UAV) or high-altitude platform (HAP)-based
networks.
In indoor applications, VLC has received increasing atten-

tion for more than two decades, in particular, for providing
high-speed wireless connectivity, which is also usually
referred to as Li-Fi. This has been driven by some specific
features of the VLC technology (with respect to the general
OWC), including the use of light-emitting-diode (LED)-
based luminaires for data transmission, and inherent security
due to light confinement in most indoor scenarios. Among
current research topics on VLC networks, we can mention
addressing multiple-access requirements and user mobil-
ity [items 9), 10) in the Appendix]. In particular, special
attention has been devoted to the design of efficient multi-
cell architectures in order to ensure network coverage and
user mobility in relatively large indoor spaces. A special
case of VLC is when the camera of a smart device is used
as the detector, commonly known as optical camera com-
munications (OCC), where data transmission is based on
spatial and temporal variations of light intensity. OCC can be
regarded as one of enabling technologies for IoT connectiv-
ity in future smart environments [item 11) in the Appendix].
The main challenges here include increasing the data rate,
which is mainly limited by the camera exposure time and
the frame rate.
Another relevant use of OWC is in RF-restricted appli-

cations, such as in airplanes and hospitals, where the
considerations of electromagnetic interference, data security,
and the possible impact of RF waves on the tissues make
OWC an interesting alternative technology to RF. Due to
practical reasons, the use of infrared communications is the
best approach in most use cases. Here, an important step is
accurate channel modelling prior to the design of efficient
and high-reliability signaling techniques. As for medical
applications, we are witnessing nowadays an increasing
attention in e-Health solutions in a number of application sce-
narios with the aim of improving patients’ quality of life and
reducing health-care expenditures. Therein, medical wireless
body-area networks can be used as the main building block,
enabling acquisition and transmission of timely data from
different medical sensors. The main challenge in such

This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/

82 VOLUME 2, 2021



networks include ensuring high reliability, low implementa-
tion complexity and energy consumption, high data security,
and conformity to eye-safety restrictions [item 12) in the
Appendix].
Lastly, the use of OWC in underwater applications

has been the subject of extensive research during the
past two decades or so. Underwater OWC is in fact
a promising technology, allowing for high rates and low
latency data transmission over short to moderate trans-
mission ranges, by taking advantage of the directivity of
optical beams and the high propagation speed of opti-
cal waves in water (compared with acoustic waves), as
well as moderate propagation loss (compared with RF).
This technology also allows for low energy consumption
and relatively small size transceivers, which are essen-
tial for the development of high-performance underwater
equipment with data transmission capability [items 13), 14)
in the Appendix]. However, there still exist many chal-
lenges for the widespread deployment of this technology
in underwater applications, including dealing with pointing
errors and limited localization accuracy, extending the link
span, and enhancing the data rate [items 13), 15) in the
Appendix].

III. SPECIAL ISSUE AIM AND ACCEPTED PAPERS
The interests and research activities in OWC covering the
main three bands of ultraviolet, visible and infrared are
continuing to grow, and therefore opening up research and
development opportunities, challenges that need addressing
by the scientific community at large.
The aim of this Special Issue has been to bring together

original research works from both academia and industry
to present their views and the latest research and develop-
ment findings on different aspects of OWC systems, from
fundamental to applied. Through a rigorous review process,
nine papers, including one invited paper, were accepted for
publication. The majority of the papers are related to VLC,
which is a very hot topic in the next generation wireless
access networks.
The first article (an invited paper), titled “Hybrid

SPAD/PD Receiver for Reliable Free-Space Optical
Communication,” by Huang and Safari, proposes a novel
dual-mode receiver for free-space optical (FSO) commu-
nications system comprising of an array of single-photon
counting avalanche diode and a typical linear photodiode
to enhance the link availability under adverse channel con-
ditions. The switching between the two photo-detection
modes is enabled by a controller, which adaptively monitors
the channel conditions. The resulting enhanced achievable
data rates under various weather conditions are demonstrated
through extensive performance analyses.
The second article, titled “Performance Trade-Offs of an

Optical Wireless Communications Network Deployed in an
Aircraft Cockpit,” by Joumessi-Demeffo et al., considers the
OWC technology for audio communications inside an air-
craft cockpit. To study the link performance, channel models

for both up- and down-link between the headsets of the four
pilots and an access point placed in the ceiling of Airbus
A350 cockpit are provided. In addition, based on the IEEE
802.11 medium access control protocol, the effects of the
transmit power and the delay are investigated for success-
ful communications, where the trade-off between the two
parameters to achieve a given data rate and performance are
highlighted.
The third article, titled “LED Half-Power Angle

Optimization for Ultra-Dense Indoor Visible Light
Communication Network Deployment,” by Xu et al., focuses
on the unit-area transmission rate of an indoor downlink VLC
network with a dense attocell configuration, with binomial-
distributed users. The paper considers optimizing the light
emitting diode (LED) half-power angle with the aim of max-
imizing the mean achievable transmission rate per unit area.
In addition, the corresponding data rates of the cell-center
and cell-edge users are investigated under the user fairness
criterion.
The fourth article, titled “Full Field Radiant Flux

Distribution of Multiple Tilted Flat Lambertian Light
Sources,” by Valencia-Estrada et al., studies light source
modeling in VLC networks and investigates a more accurate
radiant flux distribution, e.g., in the cases of relatively large-
dimension emitters such as LED panels or large-area organic
LEDs. Flat Lambertian rectangular or circular source mod-
els are proposed and validated through actual measurements.
The proposed models allow a more accurate estimation of
the required link budget, as compared with the classical
point-source Lambertian radiation model.
The fifth article, titled “Optimization and Comparison

of M-PAM and Optical OFDM Modulation for Optical
Wireless Communication,” by Mardanikorani et al., consid-
ers the suitability of using the optical-orthogonal frequency
division multiplexing (OFDM) scheme to address the lim-
ited modulation bandwidth of LEDs in VLC networks,
and outlines its limitation in terms of peak-to-average
power ratio (PAPR) and the need for a high DC-bias
level. The performance of DC-biased optical (DCO)-OFDM
and classical pulse-amplitude modulation (PAM) signaling
are hence contrasted for different signal-to-noise ratio (or
the so-called “normalized power budget”) levels, by eval-
uating the required modulation bandwidth and DC-bias,
as well as the requirement for bit or power loading in
DCO-OFDM.
The sixth article, titled “A High-Precision Positioning

Scheme Under Non-Point Visible Transmitters,” by
Zhao et al., considers indoor visible light positioning and
tracking using interacting multiple-model based on the
unscented Kalman filter, while taking into account the geom-
etry of the light sources (rather than considering them as
point sources). The advantage of the proposed tracking algo-
rithm is demonstrated through numerical simulations for
typical application scenarios.
The seventh article, titled “TDMA Scheduling in Spatially

Extended LiFi Networks,” by Beysens et al., addresses
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blocking in VLC networks by proposing a computationally
efficient scheduling protocol, which is in particular promis-
ing for very dense networks, thus allowing improved robust-
ness and a soft handover feature. The proposed scheduling
algorithm is based on a time-division contention-free access
scheme, which can be regarded as a semi-distributed spatial
extension of the time-division multiple-access technique.
The eighth article, titled “Exploiting Blockage In VLC

Networks Through User Rotations,” by Beysens et al., con-
siders the effect of blocking on the performance of VLC
networks and proposes a user-in-the-loop mechanism, where
users receive instructions to rotate themselves to mini-
mize beam blocking probability, while trying to block the
interfering signals. Based on the proposed system architec-
ture and the user’s orientation optimization approach, the
presented numerical and experimental results show a sig-
nificant improvement of the system performance and the
individual user experience.
The ninth article, titled “Cooperative Passive Pedestrian

Detection and Localization Using a Visible Light
Communication Access Network,” by Hosseinianfar and
Brandt-Pearce, considers the beam blocking in VLC
networks (in particular due to pedestrians) from a differ-
ent angle and proposes a probabilistic method for passive
pedestrian detection and localization. The VLC network is
then proposed to collect the blocking status and to compute
the geometry of the LOS link graph using a cooperative
scheme between the users within a room.
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