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Executive Summary  
This document constitutes the first issue of Deliverable D2.1 “Technologies for Alternative 

Bearers” according to Shift2Rail Joint Undertaking programme of the project titled “Alternative 

Bearer for Rail” (Project Acronym: AB4Rail, Grant Agreement No 101014517 — IP/ITD/CCA — 

IP2). 

The main objective of this deliverable relays in an overview of the prior state-of-art in the areas of 

selected alternative communication bearers (ABs), which are expected to be of interest for 

improving capabilities of the Adaptable Communication System (ACS). A set of candidate 

communication technologies are investigated as potential ones for railway applications. The 

methodology is based on the most important communication features not only from a technological 

perspective (i.e., standard, protocol, security, and performance) but also considering (but not limited 

to) others factors as maturity, ease of development and deployment costs, together with economic 

and business implications. 

The review provides the state-of-the-art of ABs, both based on radio frequency (RF) and optical 

wireless technologies. The RF wireless technologies offer capabilities depending on intrinsic 

characteristics. In fact, the wireless short-range bearers are suitable for connections in proximity 

(from one to a few tens meters) with low data rate (a few tens of kbps) and a reduced power 

consumption. In ten meters, UWB provides high data rate (over 100 Mbps), while Bluetooth 5.2 

enhances both the coverage range (around 200 m) and the data rate (up to 2 Mbps) although a 

considerable power consumption. The wireless long-range bearers, as LPWA (LoRaWAN) and NB-

IoT, offer more coverage range (up to 15 km), a data rate up to 100 kbps and a network capacity of 

thousands of nodes. The aerial communication platforms increase both the coverage area (from 50-

90 radius km to 1 million km2) and the data rate (up to 33 Gbps).  

The optical wireless technologies, specifically in the visible and infrared ranges, show unique 

features that distinguish them from well-known RF technologies. More in details, we have 

investigated the use of optical wireless links from a LED device to a photodetector (i.e., VLC LoS 

links), providing high data rates, security and directivity of the light beam. VLC represents a green 

technology, guaranteeing high performance from short (<10 m) to medium (<300 m) ranges, both 

in indoor and outdoor scenarios. Furthermore, the use of FSO technology can achieve direct 

communication links in outdoor, reaching very long distances, in the order of kilometers (>20 km).  

The most important limitations to mention about the wireless ABs refer to the reduced data rate for 

low latency or bandwidth-consuming applications. Some wireless short-range technologies are 

affected by a non-massive diffusion in the market, and usually are not backward compatible (as for 

Bluetooth 5.2). The energy autonomy and considerable costs for deployment are important 

limitations as well as the security issues especially for safety and security applications, and railway 

applications. On the other side, the optical wireless technologies present other limitations, such as 

(i) the mobility issues, which can affect the directivity of LoS links, (ii) weather conditions (i.e., 

fog, sunlight, rain, etc.) that can increase the attenuation of the optical signal, (iii) occlusions that 

cause connectivity outage, and (iv) energy source required. 

Leveraging on different pros and cons of selected ABs, and according to the technology evolution, 

different ABs can be suitable for specific railway scenarios or inter-connection schemes, which 

make ABs possible candidates for ACS. Possible ABs have to be analysed for ACS and rail 

applications suitability, together with the benefit-cost analysis and the return of investment 

calculation. The next step will address a complete assessment of candidate ABs for railway 

applications. This task represents the focus of next deliverable D2.2, dealing with the assessment of 

ABs benefits, challenges and impact on infrastructure with Radio Access Technology tool and 

Communication Traffic Analysis. 
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1. Introduction 
This document constitutes the Deliverable D2.1 “Technologies for ABs” according to Shift2Rail 

Joint Undertaking programme of the project titled “Alternative Bearer for Rail” (Project Acronym: 

AB4Rail, Grant Agreement No 101014517 — IP/ITD/CCA — IP2). On 22nd July 2020, the 

European Commission awarded a grant to the AB4Rail consortium of the Shift2Rail / Horizon 2020 

call (S2R-OC-IP2-02-2020). AB4Rail is a project connected to the development of a new 

Communication System planned within the Technical Demonstrator TD2.1 of the 2nd Innovation 

Programme (IP2) of Shift2Rail JU: Advanced Traffic Management & Control Systems. 

The IP2 “Advanced Traffic Management & Control Systems” is one of the five asset-specific 

Innovation Programmes (IPs), covering all the different structural (technical) and functional 

(process) sub-systems related to control, command, and communication of railway systems. 

1.1 Purpose and scope of the document 

The aim of this document is to provide a detailed overview of the technologies that can be 

considered as potentials Alternative Bearers (AB) to be integrated into the Adaptable 

Communication System (ACS). These technologies include: optical communication system, 

innovative LEO/MEO satellite constellations, High Altitude Platform Station (HAPS) and Power 

Line-based wired technologies. Internet of Things (IoT) radio technologies are also analyzed for 

their possible integration into the ACS. 

Looking at the future, the deliverable also includes a short presentation of the main innovative and 

promising features of the quantum and THz communication technologies. 

 

1.2 Document organization  

The document is organized according to AB4Rail Grant Agreement Number 101014517 (RD-1) and 

AB4Rail Consortium Agreement (RD-2). The document structure is the following. Section 3 

presents the list of novel technologies that will be investigated for railway applications. Section 4 

and 5 are dedicated to optical wireless communications, while Section 6 illustrates main features of 

power line communications. It follows Section 7, 8 and 9 with IoT technologies for short-range 

applications i.e., Bluetooth, Zigbee and Ultra-wide Band, respectively. On the other side, Section 

10 is dedicated to Low Power Area Networks (LPWAN) long-range wireless technologies i.e., LoRa 

and Narrow-Band IoT (NB-IoT), respectively. Section 11 and 12 present aerial based technologies, 

such as HAPS and novel LEO satellites, respectively. Finally, Section 13 describes selected future 

technologies, such as quantum and THz communications. Conclusions are then drawn in Section 

14. 

1.3 Reference Documents 

Table 1: Reference Documents. 

Document Number  Document Description  

RD-1 AB4Rail Grant Agreement Number 101014517 - IP/ITD/CCA - IP2 

RD-2 AB4Rail Consortium Agreement   
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2. The technological context 
Nowadays, the last trends in telecommunications for rail are envisioning the need of innovative 

technologies that can guarantee a consistent increase of required throughput and low latency in 

communications. Such technologies should be integrated with previous Third Generation 

Partnership Project (3GPP)-based ones, and should take into account both the obsolescence of 

Global System for Mobile Communications – Railway (GSM-R) and the need of additional Radio 

Spectrum, which is limited in case of GSM-R. 

In fact, GSM-R has been introduced as radio communication technology for the European Rail 

Traffic Management System (ERTMS) since 1990. Although the end of life for GSM-R is expected 

to be around 2030, GSM-R is still used and rollout in Europe. But the GSM-R obsolescence is the 

biggest challenge for the railway sector, and a complete digitalization of the railway sector is just 

started, since IP-based systems are going to replace those based on circuit-switched technologies. 

In the post-GSM R era, the connectivity in railway applications is provided by Public Land Mobile 

Networks (PLMNs), in order to guarantee interoperability, inter-connection with other IP-based 

networks, network availability, service reliability, and compliance with service requirements (i.e., 

performance, QoS and security). Currently, railway applications can rely on Traditional Bearers 

(TBs) (i.e., Wi-Fi, GSM-R, LTE, LTE-A, 5G and satellites). According to a proof-of-view vision of 

railway sector evolution, novel technologies should be investigated to be placed as alternative and 

integrated solutions w.r.t. TBs. The coexistence with TBs should be also guaranteed, as well as the 

backward compatibility. 

Notice that the same approach adopted for the investigation of PLMNs should be applied to ABs to 

identify common and different features w.r.t. TBs.  

In this rapidly evolving context, the ACS platform plays a crucial role for railway application 

delivery based on both TBs and Abs. In fact, the ACS is an open platform that can be enriched by 

adding additional bearers with mature technologies, to complement the traditional communication 

bearers.  

As known, ACS is designed in accordance with the bearer independent principle (BIP). This means 

that the ACS can interface with several and different communication bearers (wired/wireless) to 

provide end-to-end connectivity for railway applications. Interfacing of ACS with the bearers is 

made at IP level to fully implement the BIP concept. Communication of applications over the ACS 

can be provided over one or more IP-based bearer both alternative and/or traditional, commercial 

or private, without assuming that the bearer provides any capability beyond data transmission using 

the Internet Protocol (IP).  

Several joint initiatives, carried out by academies and industrial companies, are already ongoing 

and are mainly oriented to analyse and develop new communication systems for rail, using IP-based 

communications, such as 4G and 5G. In this way, it is possible to guarantee high reliability, high 

availability, and broadband radio connections with low latency and high data throughput. Similar 

considerations are applied to Low-Earth Orbit (LEO) satellites, High Altitude Platform Station 

(HAPS) technology, and also wireless optical technologies i.e., Visible Light Communications 

(VLC) and Free Space Optics (FSO), which in Europe are expected to be largely applied in the rail 

sector. 

In this deliverable, the authors investigate novel ABs, expected to be adopted in railway 

applications, and playing a complementary role with respect to traditional bearer technologies 

mostly based on 3GPP and IEEE 802 standards.  
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4. Visible Light Communications 
 

Optical Wireless Communications (OWC) is considered a key emerging technology for future 

wireless transmissions, including sixth generation (6G), especially in indoor environments. In a 

general sense, OWC covers the optical bands of infrared (IR), visible (VL) and ultraviolet (UV). 

FSO communications and VLC are commonly-used terms in the literature to describe various forms 

of OWC. FSO mainly refers to the use of outdoor/space laser links at the IR band, while VLC relies 

on the use of light emitting diodes (LEDs) at the VL band mostly in indoor environments. Figure 1 

shows the optical bandwidth available for wireless communications. 

 

Figure 1. Available spectrum for the optical bandwidth.  

 

 

 
 

 

Figure 2. VLC system, comprised of RF uplinks. LoS blockage can cause connectivity disruption 

and outage  

 

 
 

Since its infancy, OWC has shown a strong potential to outdo -and sometimes, replace- the 

conventional RF wireless solutions in selected use-cases. Specifically, unlike other wireless 

communication technologies, VLC is safe for the human health and does not affect the functionality 

of the highly sensitive electronic systems and thus, can be used in RF restricted places such as 

airplanes, hospitals, chemical or nuclear plants. It is then defined as a green technology due to its 

twofold paradigm of both illumination and data communication, simultaneously by the same 

physical carrier. The interest in OW is fostered by its key features, e.g., intrinsic physical layer 

security, no electro-magnetic pollution, and robustness to strong radio-frequency noise background. 

The VLC technology is also fully compatible to RF communications, so the two can complement 

each other, forming hybrid or heterogeneous networks and further enhancing the communication 

performances. Indeed, usually a typical VLC system is comprised of optical downlink connectivity 

and RF uplink. Figure 2 depicts the schematic of a VLC system, with RF uplinks. Notice the 
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presence of obstacles can cause connectivity outage. As a comparison with RF system, VLC can 

provide higher directionality between Tx and Rx, use of unregulated spectrum, higher security level, 

data rates and higher aggregate bandwidth. Of course, the dual use of both 

communication/positioning and lighting with the same carrier is typical of VLC systems. Figure 3 

shows the benefits of VLC as compared to RF technology.  

VLC technology has gained great interest in the last years, mainly due to the development of LEDs, 

as well as to its “green” feature. Indeed, the worldwide deployment of lamps based on LEDs, which 

can work as OW transmitters, offers an effective synergy between lighting and pervasive 

(distributed) communication. VLC uses the visible light in the range (380 – 780 nm) as a carrier for 

the data, and thus it offers a 1000 times greater bandwidth compared to the RF communications. 

For this reason, the visible light spectrum is not regulated, and the cost of the technology can be 

significantly reduced. The huge available spectrum enables VLC to achieve very high data rates 

that can reach few tens of Gb/s [22]. Table 3 collects and compares the main features of OW and 

RF technologies. 

 

Figure 3. Comparison of VLC to RF systems. Higher data rates and security are provided as 

compared to RF system. 

 

 
 

The fundamental components of a VLC system are: the transmitter (e.g., LED and camera), the 

receiver (e.g., photodetector and camera) and the VLC channel. Concerning the transmitter, 

different light sources can be considered even though the most popular is LED for VLC. LED is an 

incoherent source, namely photons are emitted spontaneously with different uncorrelated phases. 

 

Table 3. Comparison of main features of wireless optical and radio technologies. 

Property Wireless optical  Radio 

Cost low high 

RF circuit design No Yes 

Bandwidth regulated No Yes 

Data rates 100’s Mbps 10’s Mbps 

Security High  Low 
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4. A high degree of spatial confinement, offering virtually unlimited frequency reuse 

capability, inherent security at the PHY layer, and no interference with other devices;  

5. A green technology with high energy efficiency due to low power consumption and reduced 

interference.  

With such features, OWC is well positioned to be a powerful alternative or a complementary 

technology to RF solutions from micro- to macro-scale applications, including intra/inter-chip 

connections, indoor WA and localization, ITS, underwater (UW), outdoor and space point-to-point 

(PtP) links, etc. This opens up opportunities for high-impact research, which will revolutionize the 

telecommunications market still dominated by RF.  

Among the main advantages of VLC are the exploitation of portion of spectrum that is not used by 

other technologies. The absence of obstacles makes this type of communication a very interesting 

candidate for a robust communication paradigm, with the most interesting perspective of a lower 

impact in terms of energy consumption. One of the most important challenges for integrating VLC 

in mobile scenarios is represented by a deep analysis of the specific characteristics of the channel 

and a precise channel modeling. Right now, VLC has been mostly applied for indoor applications 

and the presence of environmental source of interference (e.g., sunlight), if not properly addressed, 

could prevent the effective working of such a kind of technology.  

Figure 7 shows a simple block diagram of the network performance of VLC systems and more in 

general of OWC systems. A comparison with traditional RF system is provided. Commercially 

available outdoor OWC systems have come close to delivering high data rates over a link space up 

to 5 km, which are significantly faster than the latest radio LAN products currently available. From 

Figure 7, we observe OWC systems (indoor and outdoor) covering a wide unlicensed spectral band 

of 700–10,000 nm offer data rates exceeding 10 Gbps for both indoor and outdoor links. In the 

specific case of VLC systems, in the recent years, we have seen novel devices mechanically robust 

with a high energy efficiency, offering simultaneous illumination and intensity modulation at a data 

rate in excess of 100 Mbps.  

 

Figure 7. Bandwidth capabilities for a range of optical and RF technologies for (a) long range and 

(b) short range.  

 

(a) 
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(b) 

 

 

 
 

The standardization progress related to OWC is still ongoing. There exist two main standardization 

organizations that focused on standardization activities on OWC, and in particular on VLC i.e., (i) 

the International Telecommunication Union (ITU) and (ii) the Institute of Electrical and Electronics 

Engineers (IEEE). The first standard for optical communication is IrDA, elaborated for short range 

communication. It has been proposed for the first time in 1993, but there have been several 

evolutions. In 2009, IEEE proposes the first standard for VLC, the IEEE 802.15.7. The next versions 

of this standard also include infrared, ultraviolet and optical camera communications (OCC). In 

2018, a new working group for VLC, namely the IEEE 802.11bb, started activities for integrating 

the Li-Fi (Light-Fidelity) in order to make this technology interoperable with the Wi-Fi standard 

IEEE 802.11. This standard mainly focuses on MAC layer.  

At the same time, the IEEE 802.15.3 working group defines the optical wireless communications 

for wavelengths comprised between 10 µm and 190 nm with a bit rate of multi-Gbps. Finally, the 

International Telecommunication Union (ITU) works on a standard for indoor optic 

communication, i.e., the ITU-G99991.  

The architecture of the VLC system generally consists of three common layers: (i) physical, (ii) 

MAC, and (iii) application. The topologies supported by the MAC layer are peer-to-peer, broadcast, 

and star. Three different types of physical implementations of VLC are defined in the IEEE 

802.15.7. For PHY I, PHY II, and PHY III, the data rates are 11.67–266.6 kbps, 1.25–96 Mbps, and 

12–96 Mbps, respectively. The different channel coding schemes supported by 802.15.7 are 

convolutional codes and Reed Solman (RS) codes for the PHY I and run length limited (RLL) code 

for the PHY II (intended for indoor use) to address flicker mitigation and DC balance. 
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4.1 Applications 

The main applications of OWC can be classified based on the distance reached by the transmitter 

optical wireless signals. As depicted in Figure 8 and Figure 9, the main applications of OWC 

distinguish based on the connectivity range of optical links i.e., (i) short-range links and (ii) 

medium/long-range links, and scenarios i.e., (i) indoor and (ii) outdoor. As it will be described 

hereafter, shorter links are provided by VL technology, while medium and longer range links are 

experienced by FSO.  

Briefly, we observe that in indoor scenarios (e.g., office, home, shopping malls, museums, hospitals, 

airplanes, etc.) VLC are mostly employed, providing high data rates with LoS or diffuse propagation 

(see Figure 10). In contrast, in outdoor scenarios (i.e., mostly vehicular networks) FSO links are 

preferred due to higher coverage and performance.  

 

Figure 8. Main overview of OWC indoor/outdoor applications. 

 

 
 

 

 

Figure 9. Schematic of main VLC applications, both in indoor and outdoor scenarios, with the 

purpose of PtP communications and localization. 
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Figure 10. VLC home/office applications. 

 

  

4.1.1 Short-range links 

This area concerns OWC links of range up to a few meters and focuses on the application areas 

including indoor wireless access (WA), short-range IoT, as well as localization and sensing. 

In indoor WA, VLC (also referred to as Li-Fi) effectively utilizes the current-day ubiquitous 

presence of LED-based lights to provide multiple functionalities of illumination, data 

communication and localization. Most of the existing works on Li-Fi are limited to PtP links used 

in home and office environments with static channel characteristics [25]. Diffuse and spotlight 

transmission modes allow to obtain different coverage through larger or narrower Field of View 

(FOV) of the transmitter. Figure 11 shows the data rate achievable in case of different VLC 

transmission mode i.e., diffuse and spotlight.  

 

Figure 11. Comparison between VLC (a) diffuse and (b) spotlight transmission modes. 

(a)                (b) 

        
 

While initial works have demonstrated the potential of Li-Fi, significant amount of research and 

innovation is required to transform it into a multi-user, scalable, high performance, and fully 

networked technology as part of Beyond 5G Wireless Networks (B5G WNs), in particular in mobile 

and user-dense scenarios. This particularly requires the joint consideration of the optical channel, 

and PHY, MAC and NET layers to support adaptability and heterogeneity, as well as low latency. 

Recent works on multiple-subcarrier modulation-based systems have demonstrated the potential of 

high data rate transmission [26]. Nevertheless, innovative PHY layer designs and optimized 

waveforms considering non-negativity of optical signal are still required to come close to the 
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channel capacity limits. The envisioned fully networked Li-Fi systems further require extensive 

research on the handover, interference management, scheduling, multiple access, and inter-

connection with the backbone network, which have so far received relatively little attention. 

On the other hand, short-range IoT applications include smart spaces and buildings, future smart 

manufacturing, indoor positioning, and healthcare and assisted living for the elderly people, among 

others. In particular, in smart factories of the future, there is the need for autonomous machine-to- 

machine (M2M) communication links with no human assistance. With the large BW, potentially 

lower energy consumption, and inherent security in comparison to RF, VLC could be an effective 

WA technology for M2M links. The potential of highly accurate positioning and sensing offered by 

VLC are among the other strong aspects of this technology particularly in smart manufacturing and 

healthcare. Some early examples include indoor positioning systems using smartphone’s camera as 

a Rx, and smart lighting control [27]. The required paradigm shift to convert IoT into “Internet of 

Lights” involves a fundamental redesign of the algorithms and protocols at PHY, MAC and NET 

layers to adapt to the directional radiation of optical sources and inherent VLC channel 

characteristics as well as to maintain low power, low delay, and high system capacity characteristics 

associated with future IoT applications.  

On-going research focuses on how to support massive connectivity for machine-type 

communications, reliable communications through mitigation of interference/contention among 

devices, and co- existence among different wireless technologies.  

Within this context, two other recent techniques consider the use of organic LEDs (OLEDs) and 

photo-detectors (PDs) for moderate data rate D2D communications, and OCC for low data rate 

applications. In organic VLC (OVLC) the main challenge is the limited BW of the organic devices 

[28], whereas in OCC achieving high data rates and link robustness (i.e., considering blurring, 

shadowing, and pointing errors) are issues that need addressing [29]. 

4.1.2 Medium-range links 

This area concerns OWC links with a typical range of few metres to few kilometres and focuses on 

vehicular networking, PtP WA links, and UW communications. 

In vehicular networking, which includes vehicle-to-vehicle (V2V) and vehicle-to-infrastructure 

(V2I) communications, research activities and standardization efforts have mainly focused on the 

RF-based solutions. Given that, LEDs are being widely used for vehicle lights, traffic lights, etc., 

VLC emerges as a natural candidate for V2V and V2I communications [30]. 

Figure 12 depicts the alerting application for security on roads in outdoor vehicular networks; 

warning messages are sent in V2V transmission mode. 

 

Figure 12. VLC alerting application for outdoor vehicular scenario. 
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Research on this topic is rather sparse and requires further work to take it to advanced levels [31]. 

E.g., as part of channel modelling, additional noise sources due to the background radiations as well 

as visibility-limiting weather conditions need to be considered. In addition, there is the requirement 

for dedicated design and implementation of (i) PHY layer to support both safety functionalities 

(where latency and reliability are the primary issues) and infotainment applications (where 

transmission data rate is the priority); and (ii) MAC protocols considering the inherent directionality 

of VLC links. In vehicular networking, neighbour discovery, link establishments while on the move, 

and ensuring link availability on multi-lane highways impose further challenges for VLC-based 

wireless connectivity, which has not yet been fully addressed. 

In UW applications, VLC is well recognized as a promising technology enabling high data rate, low 

latency, and high energy efficiency, which outperforms acoustic and RF communications. Such 

links are critically required given the on-going expansion of human activities in various application 

domains including environmental monitoring, UW exploration, port security, disaster prevention, 

etc. for data communications between UW mobile units, submarines, or within UW sensor 

networks. The strong intensity attenuation of the aquatic channel (especially in turbid waters) and 

the LoS requirement impose several challenges on the deployment of these links.  

Current research focuses on the design of high-sensitivity Rxs and powerful error-correcting codes 

allowing extension of the communication range, as well as effective localization and pointing, 

acquisition and tracking (PAT) solutions for improving the link reliability [28]. 
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5. Free Space Optics (FSO) 

5.1 Free Space Optics (FSO) 

Free space optical (FSO), together with VLC, are commonly used terms to describe various forms 

of OWC. FSO mainly refers to the use of outdoor/space laser links at the infrared band, where data 

is transmitted by propagation of light in free space allowing optical connectivity. FSO 

communications have been proposed as a promising technique to overcome the RF drawbacks, then 

providing high-speed transmissions in the unregulated bands. Furthermore, license free spectrum, 

immunity to the electromagnetic interference and inherent security are some advantages of FSO 

systems compared to the conventional RF-based wireless communication systems.  

The use of FSO communication is considered as a promising and efficient technology for 

establishing high data rate point-to-point communication links, which can offer high bandwidth and 

ease deployment. As similar to VLC technology, FSO system consists of an optical transceiver at 

both ends to provide full duplex (bidirectional) capability. FSO is a LoS (line of sight) technology, 

where data, voice, and video communications are achieved with maximum 10 Gbps of data rate by 

full duplex (bidirectional) connectivity. High data rate can be obtained -comparable to the optical 

fiber cable’s data rate- but error rate is very low and the extremely narrow laser beam enables having 

unlimited number of FSO links to be installed in a specific area. Furthermore, FSO is a secure 

system because of line of sight operation between transmitter and receiver. Finally, as similar to 

VLC, no interference to RF technology occurs, as the electromagnetic and radio-magnetic 

interference cannot affect the transmission in FSO link. 

As known, the reliability of FSO links can be seriously affected by the link distance, which is 

typically longer than a few kilometers. One of the main disadvantages of FSO communications is 

related to weather interference. Different weather conditions have various impacts on the FSO link 

performance, which leads to the signal loss, and then on the reduction of effective data rate. Channel 

capacity in a FSO link is negatively affected not only by atmospheric turbulence induced fading, 

but also on the pointing error due to the position deviations of tall buildings (physical obstructions). 

Based on the scale size of turbulence cell, different type of effects can be caused i.e.,  
1. If the size of turbulence cell is of larger diameter than optical beam, then the optical beam 

displaces rapidly (beam wander) 

2. If the size of turbulence cell is of smaller diameter than optical beam, then the intensity of 

fluctuation or scintillation of the optical beam is a dominant effect.  

Atmospheric attenuation is another cause of FSO optical signal degradation. This is defined as the 

process whereby some or all of the electromagnetic wave energy is lost when traversing the 

atmosphere. Thus, atmosphere causes signal degradation and attenuation in a FSO system link in 

several ways, including absorption, scattering, and scintillation. The atmospheric attenuation is the 

resultant of fog and haze normally, and also depends upon dust and rain. Haze is traditionally an 

atmospheric phenomenon where dust, smoke and other dry particles obscure the clarity of the sky. 

It is wavelength dependent, while attenuation in fog weather condition is wavelength independent. 

Finally, scattering phenomena is another effect that can occur in FSO systems. It happens when the 

optical beam and scatterer collide. It is wavelength dependent phenomenon, which leads to the 

reduction in the intensity of beam for longer distance.  

Other effects are due to scintillation (i.e., temperature variations in the air medium can cause 

fluctuations in amplitude of the signal which causes “image dancing” at the FSO receiver), 

geometric losses (i.e., optical beam attenuation due to the spreading of beam), absorption (i.e., water 

molecules which are suspended in the terrestrial atmosphere absorb photons and then the power 

density of the optical beam is decreased), as shown in Figure 13. 
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