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1. Introduction


The wireless information carrier shift from the radio frequencies to optical frequencies has been studied in increasing detail since the invention of the laser in the 1960s. With the advent of optical fiber communications and their global use, we have seen a growing interest in the field of optical wireless communications (OWC) for front- and back-haul access networks and beyond as part of fifth-generation (5G) wireless networks. OWC has found niche applications in a wide range of systems, from short-range indoor to long-range outdoor and very long deep space and inter-satellite links [1]. New components, such as visible light-emitting sources, image sensors, advanced signal processing techniques, multi-input multi-output, and machine learning are pushing the OWC technology into new application areas such as vehicular communications, smart environments, medical, manufacturing, etc., as part of 5G wireless networks and the emerging 6G networks and beyond.



This Special Issue was put together with the goal of bringing together the latest research and development in wireless light communications. A total of 53 submissions were received, and 24 were selected for publication in this Special Issue. The published works present novel results mainly on outdoor and indoor applications of light communications, while a few papers also address broader areas. We briefly present these works in the following sections.




2. Outdoor Systems


Starting with outdoor systems, the first four papers focused on the impact of atmospheric effects on the performance of free space optics (FSO) links. Androutsos and co-authors [2] have investigated a single-input multiple-output (SIMO) FSO system with wavelength, spatial, or time diversity at the receiver along with the on–off keying (OOK) and L-PPM (pulse position modulation), together with the optimal combining technique. The turbulence effect, modeled using the mixture Gamma distribution and a non-zero boresight pointing error model, are also investigated. The authors have evaluated the performance of the system by deriving novel mathematical expressions for the outage probability and the average bit error rate performance. Li et al. have considered coherent FSO systems [3] and propose a new method for the measurement and estimation of the phase offset introduced by the atmospheric channel. The method combines the existing Viterbi–Viterbi phase offset estimation method with Kalman filter, which leads to lowering the estimation error by no less than 60%, even when the signal to noise ratio (SNR) is low.



Boucouvalas, et al. [4] have discussed the performance of optically amplified FSO systems when an orthogonal modulation format such as PPM is utilized to partially mitigate atmospheric-induced fading. Novel analytical approximations are presented for the average bit error rate in these systems, which are shown to be in good agreement with the exact values. This theoretical work also addresses the applicability of diversity reception, identifying fading scenarios where multiple amplifiers can be used despite the associated increase in optical noise. Khandakar and co-authors [5] have conducted experimental research on the effects of weather conditions and the chemical composition of the atmosphere on FSO communications. The authors set up their experiment in Qatar, a region with arid and harsh weather, and monitored the system performance during the four seasons. Their results indicate that the FSO link performs better in winter than in summer, mainly since higher temperatures during summer introduce increased atmospheric scintillations.



The next two papers also report on the impact of atmospheric effects on FSO communications, with the addition of intermediate relays between the transmitter and the receiver. Taher, et al. [6] have studied the performance of three relay selection schemes (source to relay, relay to destination, and source to destination). The obtained results show that no optimum technique exists for all channel conditions, and the relay selection algorithm needs to take into account the severity of atmospheric induced fading and the pointing errors. Elbawab, et al. [7] have evaluated the performance of a relay-assisted FSO communication system with a blind detection scheme. The authors derive novel analytical expressions for the average bit error rate and demonstrate that this technique performs similar to more complex systems requiring channel state information. The optimal relay placement is also investigated using the analytical expressions.



A promising future practical application of outdoor FSOs, namely, space optical communications, is the topic of the next two papers. Li and co-researchers [8] have analyzed the technique of aperture averaging with a goal to partially correct the adverse effects of atmospheric turbulence in a coherent LEO satellite-to-ground binary phase shift keying system. The authors collected data on the channel gain with the increasing aperture sizes, confirming that the performance is initially improved. However, wave front aberrations appear in very large apertures, and an adaptive optics system needs to be installed so as to compensate for the wave-front aberrations. Huang, et al. [9] have discussed the detection of high-orbit targets, which has applications in the establishment of FSO links. They have developed a detection model based on the SNR of the target and verify it via the assembly of an infrared-K band photoelectric system. The detection range is in the order of 104 km, and the results indicate that the short-wave infrared bands have better imaging effects.



The last two papers of this section also discuss important aspects of outdoor systems, albeit non-communication ones. Liu, et al. [10] have developed a novel mode–field matching model, motivated by the problem of efficiently coupling light from FSO systems to optical fibers. Their mathematical model is based on Zernike polynomials, and its predictions are validated through experimental results. Finally, Deng and co-researchers [11] have presented the improvements on a tracking control system, which is based on a micro-electro-mechanical systems (MEMS) accelerometer. The authors proposed a modified disturbance observer structure to alleviate the limitations of the aforementioned tracking system at low frequencies and implement the corresponding controller to experimentally validate its performance.




3. Indoor Systems


In this area, 10 excellent papers were accepted, of which 9 are on the different aspects of visible light communications (VLC). The first paper by Witas, et al. [12] presents a mobile receiver that uses several photodetectors to provide omnidirectional receiving capability. The photodetectors are fixed to truncated pyramid walls. The receiver was evaluated experimentally for indoor application using bit error rate measurements and comparing signal-to-noise ratio parameters for various photodetector numbers. The next two papers discuss the importance of using synchronization for the orthogonal frequency division multiplexing (OFDM) scheme and a pre-equalizer in VLC systems. Offiong, et al. [13] have used a single pilot sequence to achieve both frame synchronization and the peak-to-average power ratio (PAPR) reduction in the optical OFDM scheme. The two direct-current biased optical (DCO)-OFDM and asymmetrically clipped (ACO)-OFDM are discussed in this research. They show that this scheme gives precise frame synchronization at the SNR as low as 4 dB. Khadr and co-authors [14] have aimed to extend the limited bandwidth of phosphorescent white LEDs for a multiple-input single-output (MISO) VLC system introducing a pre-equalizer circuit, with results demonstrating a 28% bandwidth enhancement. Moreover, they proposed a model for LED arrangement to improve illumination uniformity along the room.



The next paper discusses the interference suppression in a MIMO VLC system. Forkel, et al. [15] have proposed the use of a liquid-crystal display (LCD) as a receiver-side filter unit to focus the field-of-view of the receiver on a specific light source and thereby suppress interference. Interference due to the ambient light, modulated interference and multi-aperture interference are introduced and signal-to-interference ratio improvements are derived using experimental results. For MIMO communications, the potential of the proposed interference reduction method is also demonstrated.



The following two papers have focused on the visible light-based positioning for indoor applications. The first paper by Firoozabadi, et al. [16] proposes a new frequency modulated VLC system for localization in underground mining, which is based on a three-dimensional trilateration localization scheme. The obtained results show the superiority of the proposed method in comparison with the traditional short range radio frequency technologies. Tran, et al. [17] proposed a VLC-based positioning method using dual-function machine learning algorithms. Their predicted results show that the proposed solution increases positioning accuracy under the negative effect of multipath reflections and decreases the computational time.



The last 4 papers in this section have focused mostly on the resource allocation and energy efficiency in VLC. Sadat, et al. [18] have investigated the power domain non-orthogonal multiple access (PD-NOMA) method to enhance the spectral efficiency of VLC systems downlink. The bit error rate (BER) and the achievable rate performance of the non-cooperative and cooperative PD-NOMA under a perfect channel state information are investigated and moreover, analytical BER estimation is verified by Monte Carlo simulation. Bai and co-authors [19] have proposed a low-complexity multi-cell resource allocation algorithm with a near-optimal system throughput to resolve the conflict between the high system throughput and low complexity of indoor VLC ultra-dense networks. By the simulation results, authors show that the proposed method achieves an improvement of 57% in performance in terms of the average system throughput and improvement of 67% in performance in terms of the quality of service (QoS) guarantee against the required data rate proportion allocation method.



Msongaleli, et al. [20] have proposed a non-contention bandwidth assignment protocol called the adaptive polling medium access control (APMAC) protocol for optical wireless networks. The APMAC protocol involves association, data transmission, and dissociation phases. While assigning bandwidth to the visible light nodes (VLNs), the visible light access point establishes a polling table that contains the identity, buffer size, and round-trip time of each VLN that issued a bandwidth request. The protocol is investigated numerically in terms of average waiting time, packet collision, system utilization, and fairness. Finally, Wang, et al. [21] have proposed a channel and bit adaptive power control strategy for uplink non-orthogonal multiple access VLC systems by jointly considering the channel state information and the transmission bit rate. Under this adaptive power control strategy, it is proved that the received signal at the photodiode receiver constitutes a sizable pulse amplitude modulation constellation and low-complexity maximum likelihood detection is admitted.




4. Components and Networks


Four papers on reflecting on the components and networks of optical communications were accepted. The first paper by Boucouvalas, et al. [22] is a review of the resonant transmission line method, which enables the design of elliptical and eccentric core fibers as well as “holey” photonic crystal fibers. Wang, et al. [23] have presented a broadband planar lightwave circuit splitter with a variable splitting ratio that is designed for signal distribution in passive optical network. Li, et al. [24] have reported pulse-shaping-based optical transmission for a 128-QAM (quadrature amplitude modulation) DWDM (dense wavelength division multiplexing) system that has a potential capacity equal to 904 Gbps per channel. Finally, Abd El-Mottaleb, et al. [25] have presented the analysis and evaluation of a spectral amplitude coding optical code-division multiple-access system with the enhanced double-weight codes as signature codes.




5. Closing Remarks


The ongoing interest in light communications has been the driving force behind this Special Issue. The potential of this technology and its possible applications that range from personal to space communication systems will hopefully keep us occupied in the years to come. We sincerely hope that you will enjoy reading this Special Issue as much as we enjoyed compiling it!
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