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ABSTRACT 
 

The In recent years, the broadband services demand has increased considerably. The size of the radio fre-
quency spectrum (RF) (3 kHz to 300 GHz) should limit the growth of future wireless systems unless new 
parts of the spectr are opened. Even with the use of advanced engineering, such as signal processing and 
advanced modulation schemes, it will be very difficult to meet the demands of users in the coming decades, 
using frequencies existing carriers. On the other hand, there is a potential spectrum band can provide tens of 
Gbps to Tbps for users in the near future. Communication technology FSO (Free Space Optical), also known 
as optical wireless communication (OWC: optical wireless communication) has generated great interest in 
recent years. In some cases, the FSO is considered an alternative to existing technologies such as radio fre-
quency. In other cases, FSO is considered a strong candidate to complete and integrate next-generation tech-
nologies, such as wireless networks 5G.Accordingly, the FSO technology is widely deployed in various in-
door environments (e.g. data centers), terrestrial (e.g. mobile networks) and spatial (e.g., inter-satellite com-
munication and deep space) and subsea systems (e.g., submarine detection). Gradually, as the portfolio of 
applications of FSO technology develops, the need for a clear investigation for cooperative systems FSO 
links is the same. Most surveys of existing cooperative systems are surveys at one level and therefore not 
inclusive enough to reflect changes and recent and emerging developments in different configurations of 
cooperative systems FSO. In this article we give an overview on the most important cooperative systems 
encountered in OWC systems in indoor environments, terrestrial, space and underwater. We use surveys 
offered to review and summarize the experimental work and the major systems of cooperative systems FSO 
in the area until 2019.Using the survey suggested, we aim to give researchers an opportunity to tap into the 
growing field and expansion of cooperative systems FSO technology in different environments. The proposed 
survey can also help to organize and systematically present the advances in technology research cooperative 
FSO systems. 

Keywords: Cooperative System, Free Space Optical (FSO), Indoor, Optical Wireless Communications 
(OWC), Space, Terrestrial, Underwater, Wireless Communications. 

1 INTRODUCTION  

You In recent years, the number of devices,applica-
tions and services based on wireless connectivity 
has increased exponentially causing profound 
changes in our ways of living. New concepts such 
as the Internet of Things (IoT) related to connectiv-
ity with sensors and machines will amplify this phe-
nomenon. The last global forum on wireless net-
works [1] predicts 7 trillion wireless connected de-
vices available 7 billion humans by 2020. This in-
credible figure is a source of many concerns. In ad-

dition to the major environmental considerations re-
lated to the production and recycling of such de-
vices,and knowing that the term "wireless" refers 
primarily radiofrequency technology (30KHz to 
300GHz). Today mobile operators are struggling to 
deploy the 4G and also already preparing to host the 
fifth generation of mobile networks using 
MIMO(Multiple-Input Multiple-Output) ranges. 
The increasing demand of bandwidth due to the ad-
vent of innovative services which are having high 
bandwidth constraints forced the worm searchess 
alternatives to ensure transportation information. 
The introduction of the optical fiber in its origins 
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competed with the coaxial cable. The progress in 
research on fiber have increased performance and 
out of copper cables. These performances are now 
fiber leading carrier in the terms of capacity and 
also in terms of scope if we were limited to terres-
trial transmission. What hinders the deployment of 
fiber in spite of this performance is the high cost, 
much of which is related to civil engineering. The 
decrease in cost of deployment is therefore an op-
portunity to face the challenges of transmitting very 
high speed. Research and industry are working hard 
to expand the capacity of existing wireless technol-
ogies (e.g. reduce interference) and develop new 
ones to meet the emerging needs [2], [3]. The opti-
cal free space communication (FSO), also called 
optical wireless communication (OWC),the subject 
of a comprehensive study over the past decades as 
an attractive alternative to the RF technology. Sim-
ilar to the optical fiber, data is used to modulate a 
light beam in FSO. The light beam then propagates 
from one point to another, however, a wireless man-
ner. The recent peak of interest in the FSO technol-
ogy is the fact that FSO combines high bandwidth 
optical communication systems and flexibility of 
wireless technologies. FSO technology stems from 
the fact that FSO combines high bandwidth optical 
communication systems and flexibility of wireless 
technologies. FSO technology works in a wide 
spectrum (see Figure 1), including the bands of near 
infrared (NIR), visible light (VL) and ultraviolet 
(UV).Conventionally, FSO links terrestrial and 
space operate in the NIR band, as optical fiber sys-
tems [4]. Terrestrial systems can also operate in 
bands VL [5] and UV. [6]On the other hand, interior 
FSO links typically operate in the NIR bands [7] 
and V [8],while OWC submarine systems operate 
in the NIR strips [9] and V [10].  
FSO technology has also been considered as a com-
plementary technology to existing RF systems, to 
the extent FSO and RF do not interfere. [11]This 
property is very important for applications where 
interference with RF systems must be avoided, as in 
hospitals and personal entertainment systems on 
commercial planes to mitigate interference with the 
electronic navigation systems sensitive avionics RF 
[12]. In addition, the next generation of wireless 
communication systems (eg., 5G) integrate several 
complementary access technologies and RF tech-
nology, including FSO [13], [14]. 
      The main features and drawbacks of OWC sys-
tems are presented here. The nature of light gives 
OWC immunity systems against interference 
caused by adjacent channels in adjacent parts. With 

the possibility of frequency reuse in different parts 
of the same building, which means increased capac-
ity. The OWC systems offer also better security at 
the physical layer. This is because the light does not 
penetrate opaque barriers, which means that the po-
tential for eavesdropping is reduced unlike radio 
systems, and it reduces the need for data encryption 
[15], [16]. Of moreover, the detector (photodiode) 
has a very large surface area, typically tens of thou-
sands of wavelengths, which leads to an efficient 
spatial diversity at the receiver [16]. These favora-
ble features combined make OWC systems suitable 
substitutes for conventional radio systems. How-
ever, OWC systems have several disadvantages. In 
the indoor systems, the optical wireless access 
points of different rooms must be connected via a 
wired network, because the light can not penetrate 
the walls. Moreover, due to multipath propagation, 
reflections and spreading of the signal, optical sig-
nals suffer from attenuation and dispersion resulting 
in inter symbol interference (ISI). In addition, the 
signal to the receiver may include firing noises in-
duced by ambient light sources intense (sunlight, in-
candescent lighting and fluorescent light), and this 
leads to signal corruption by this background noise 
[17], [18]. In addition, the transmitter power is lim-
ited by the safety regulations for eye and skin [19], 
[20].OWC systems require a receiver with a large 
area photodetector for collecting the maximum op-
tical signal, and this causes an increase in the pho-
todetector capacity, which causes a decrease in the 
available bandwidth of the receiver. The OWC sys-
tems can provide higher data rates beyond 10 Gbps 
[21], [22], [23], [24] but the implementation of 
OWC systems presents many challenges. For exam-
ple, fog, rain and dust reduce data rates and cover-
age area of open-space optics (FSO) outdoor sys-
tems, while multipath propagation, noise and re-
ceiver interferences tend to limit the capacity of in-
terior OWC systems. 
The present relay transmission can be used to over-
come the atmospheric turbulence and the problems 
mentioned above by allowing the data transmitted 
using a node of relay and avoid a direct link to the 
destination that is severely affected by the atmos-
pheric turbulence. There are two types of relay con-
figurations, namely; series relay (i.e., the transmis-
sion multihop) and parallel relay (i.e., Cooperative 
Diversity) [25]. To the best of the authors' 
knowledge, a summary of cooperative systems in 
wireless optical communication in different envi-
ronments has not yet been studied. The purpose of 
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this article is to provide an overview of the most im-
portant cooperative systems encountered in OWC 
systems operating in indoor, terrestrial, space and 
underwater environments. We use the proposed sur-
veys to examine and summarize the experimental 
work and major systems of FSO cooperative sys-
tems in these areas until 2019. 
      The cooperative communication is an active 
area of research because of its ability to improve re-
liability and extend coverage of wireless networks 
while useding infrastructure existing. Cooperation 
techniques have been extensively studied in the 
context of the free space optical communication 
systems (FSO) as an effect of mitigation through 
limitation of the turbulence induced by atmospheric 
scintillation [25] - [26]. Existing research in field of 
cooperative FSO communications revolve around 
mainly parallel while relaying active and selective 
that can be implemented in the absence and in the 
presence of channel state information (CSI) respec-
tively. All the active relay [25] - [27] is a diagram 
in two simple and effective locations where the in-
formation packet is transmitted from the source (S) 
to the relay (R) for the first slot and, thereafter, 
transmitted from the relay to the destination (D) in 
the second slot. In this context No preference is 
given to one of the relay whatever the strengths of 
the underlying source and relay links relay destina-
tion. On the other hand, privileges relay selective 
transmission along the link from start to finish en-
suring the highest performance levels increased at 
the expense of complexity accstreet system with the 
need to acquire full CSI [28], [26].Also in the opti-
cal cooperative communication, performance BER 
systems relaying VLC attended full-duplex relay is 
studied in [29].The authors [30] consider the BER 
performance of VLC systems aided relay based 
OFDM (orthogonal frequency division multiplex-
ing) where it was shown that the performance can 
be improved with a relay transmission. The work 
[31] also investigates the BER performance of VLC 
full-duplex relay systems that outperform those 
with direct links. The authors [32] proposed a coop-
erative framework FSO relay support as backhaul 
networks. They also studied in [32] the feasibility 
of cooperative FSO communication system 5G (5th 
Generation of Wireless Communication Systems) 
backhaul frame. A parallel system architecture OFS 
multi-hop to make the best use of network re-
sources, which was found to be superior to increase 
reliability and throughput is introduced [33]. The 
authors [32] consider such FSO cooperative multi-
hop relay system with DF parallel to the channel 

state information (CSI) is available to all OFS 
nodes. They focused on maximizing network 
throughput and promoting transmission reliability 
of transmission networks. They also proposed a re-
lay selection algorithm in which the rear pressure 
theory is used to promote flow. In I Gueye et al [34] 
proposed two cooperative patterns to decode and 
forward (DF) based error correcting codes particu-
larly LDPC (Low-density Parity-check) codes, 
namely if I, This implies choosing parallel relay, the 
node transmitter transmits data to the receiver node 
and a relay node that relays to turn the date the des-
tination node. This form of transmission acts as a 
network of distributed antennas and is regarded as a 
cooperative approach diversity; Case II, the multi-
hop relay for to spread the scope of a transmission 
with a limited transmission range. This approach, 
the signal passes a relay node to another in series. 
Their results show that, compared to traditional 
transmission mode, their cooperative FSO systems 
can mitigate the fainting induced by atmospheric 
turbulence but also to protect the information. 
We believe it is necessary to have a classification 
can express systematically cooperative systems and 
applications existing FSO links emerging. 
The rest of the paper is organized as follows: in sec-
tion 2 we discuss cooperative systems. We devote 
Section 3 related work of cooperative systems in in-
door environments, land, space and underwater. Re-
search directions and unresolved issues for cooper-
ative systems in the OWC are discussed in section 
4. Finally, we conclude the paper in Section 5. 

2 PRELIMINARY AND BASIC 

CONCEPTS 

In this section, we discuss the preliminary and basic 
concepts of cooperative systems related to optical 
wireless communication. 
 
 
2.1 The cooperative systems in optical 
wireless communication 

2.1.1    Motivations and context of the study 

Please The As part of optical wireless transmission, 
the challenges ahead relate management limiting 
factor what atmospheric turbulence Nearby kilome-
ters of land, the presence of an obstacle between 
transmitter and receiver and swaying buildings. 
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Several techniques have been applied to wireless 
optical systems to mitigate the effects of degrada-
tion due to the weather channel. These techniques 
include, among others: increasing the size of the re-
ceiving antenna, the adaptive optics systems pro-
posed to correct the adverse effects, in particular the 
phase distortions of the atmosphere, the use of re-
lays and the diversity technique using the spatial di-
versity [35].Among these techniques, the spatial di-
versity is particularly interesting, because it offers 
significant performance gains by introducing an ad-
ditional degree of freedom in the spatial dimension. 
It also allows different devices to share resources to 
create a virtual multi-antenna system. 
 
In addition, the art and is used today to solve these 
problems is the notion of cooperation in wireless 

optical networks. cooperative communications, 
multiple relay nodes operate in conjunction with the 
source node to transmit its information to the desti-
nation. Technical cooperation advantage of the 
property of broadcast wireless signals. The fact that 
the signal from a source to a destination can to be '' 
listened to" by neighboring nodes, allows them to 
process the signal '' listened 'and pass it to the desti-
nation. Treatment with relay consist of a repetition 
of the signal "listened"(An example will decode and 
re-encode the information or simply amplifying the 
received signal before transmitting it)or more so-
phisticated strategies such as relaying only part of 
the information, or compress the signal received be-
fore passing it [36]. In Figure 1, we illustrate a 
model of cooperative optical communication. 

 

Fig 1: Cooperative Communication 

 
    In the following sections, we give a state of the 
art on the most important cooperative systems en-
countered in OWC systems in indoor environments, 
terrestrial, space and submarine. We use surveys of-
fered to review and summarize the experimental 
work and the major systems of cooperative systems 
FSO in the area until 2019. 

3 EXISTING SURVEYS OF 

COOPERATIVE SYSTEMS IN WIRELESS 

OPTICAL COMMUNICATION IN INDOOR 

ENVIRONMENTS, TERRESTRIAL, SPACE 

AND UNDERWATER. 

After In this section we turn briefly review the var-
ious techniques of cooperative systems in the tech-
nology of optical wireless communication. The co-
operative systems in the technology of optical wire-
less communication can be deployed in four differ-
ent environments: indoor, earth and space. Recent 
decades have seen the development of various co-
operative systems in the technology of FSO com-
munication. Therefore, it is important to review the 
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various cooperative systems FSO links in different 
environments. 
 
3.1 Cooperative systems in indoor FSO links 
 
It is table In this section, we discuss different con-
ceptions of cooperative systems that can be used in 
VLC systems and their recent research efforts. 
Visible light communication (VLC) has attracted 
much attention as an Inside application of optical 
wireless technology. [37]In the VLC system, visible 
light of 380-750 nm wavelength is used as the me-
dium for data transmission. In this case, light from 
a light emitting diode (LED) is used for simultane-
ous illumination and communication of data at high 
data rate. [38]However, light from an LED source 
is naturally limited to a small area and is capable of 
blocking. The communication speed for data trans-
fer in such applications is relatively low, typically 
of the order of a few kbit / s. One of the main chal-
lenges in such VLC systems is the limited range of 
a few meters for reliable communications, due to 
the limited transmission power, broadcast commu-
nication channel and non coherent optical commu-
nication. [39]To increase the reliable communica-
tion range, assisted the relay communications can 
be used. For a basic 3-luminaire relay system, a re-
lay luminaire retransmits messages received from a 
lighting unit of the source device to a destination 
lighting. Even if a half-duplex relay can be used, 
where the fixture engages relay signal reception and 
transmission at different times, an additional time 
interval is required, resulting in the flow of the 
lower network. To address this problem, the authors 
[40] consider a full-duplex VLC relay namely the 
relay luminaire performs transmission and recep-
tion of simultaneous signals. For VLC full duplex 
relay, they considered in [39] a linear system topol-
ogy, This corresponds to the lighting fixtures in 
hallways and small offices for example. In their 
work [40], they consider a triangular topology, cor-
responding to office lighting systems and cellular 
open. The difference between the triangular and lin-
ear topologies is that significant signal power still 
reaches the luminaire of the destination from the ap-
pliance the light source in the triangular topology 
[40].  Earlier works VLC systems on the power re-
lay (cooperative) include [41-44].In [41], an LED 
VLC multi-hop system toys is demonstrated. In 
[42], a multi-user message transfer protocol for 
VLC channel is proposed. In the protocol, the mes-
sage is transmitted by users to the destination when 

the destination is hidden / blocked. In an experi-
mental study [43], an audio signal is successfully 
delivered to the destination on two terminals of in-
termediate relays. In [44]multi-hop transfer mes-
sages between vehicles is considered to VLC and 
performance is evaluated for the percentage of 
package delivery success based on the inter-V. The 
authors [45] consider DC biased W-OFDM and 
they also examine how cooperation between the 
light sources can improve the error rate perfor-
mance. Their proposed scheme, a task light, like a 
desk lamp, acts as a terminal intermediate relay. In 
their jobs, they presented a vaste évaluation perfor-
mance and optimizing OFDM VLC assisted relay 
in lighting systems constraints. They considered an 
office space with two light sources. One of them is 
placed in the ceiling for supplying the ambient light 
in the environment and the other isused for task 
lighting. Their results showed that they can be ob-
tained up to 6 dB improvement in performance 
through optimal power distribution. 
 
However, in [46], a much simpler solution to the 
problem is developed multipoint transmission and 
reception of a cooperative system is proposed and 
evaluated for VLC, where different VLC access 
points cooperating by transmitting their own data as 
well as additional cooperative signals that help the 
receptor cells voisines. The proposal provides a sig-
nal to the improvement of the noise (SNR), espe-
cially for non-line-of-Sight (NLOS) between the ac-
cess point and receiver, a common situation in the 
corridor scenarios with many people, or in labora-
tories and shops with furniture. The proposal pro-
vides a improvement signal noise ratio (SNR), es-
pecially for non-line-of-Sight (NLOS) between the 
access point and receiver, a common situation in the 
corridor scenarios with many people, or in labora-
tories and shops with furniture. An adjustment sys-
tem is also used proposed who transmission and re-
ception Multi-Point (CoMP Coordinated) in points 
and simple NLOS Division Multiple Pulse Position 
(DPPM) in Line-of-Sight (LOS). The proposed 
scheme for CoMP OWC is able to provide more 
than 3 dB gain in SNR compared to traditional sys-
tems. This leads to a decrease in error probability. 
 
Similarly, to increase the reliability of the connec-
tion and / or extend the coverage ceiling lights can 
be used as relay terminals to the other in a multi-
hop fashion. Either half-duplex (HD) or full-duplex 
(FD) relays can be used. In the context of RF com-
munication, relaying HD is generally preferred. 
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This requires that transmit and receive power levels 
differ from each other by orders of magnitude. In a 
terminal FD RF relay, high torque signal will lo-
cally transmitted the receiver and thus overwhelm 
the signal received much lower. The signal coupling 
is often called loop interference [47]. In contrary 
RF,FD is relatively easier to implement relay in 
VLC systems since the interference of the loop 
should be at least high due to the illumination pat-
tern plus directional light source. There have been 
some attempts on FD investigation relayed in the 
context of VLC systems. Particularly, work in [39] 
and [40] intended to relay scenarios where ceiling 
lights arranged in triangular and linear topologies 
help each transmission multi-jumps. The powerful 
combination of OFDM transmission and power re-
lay has been closed first in [48], later in [49].Based 
on the use of relaying HD it was demonstrated that 
significant performance gains can be achieved 
through cooperation in relation to the direct trans-
mission. These gains, however, disappear as the 
size of modulation becomes larger, due to the fact 
that the HD relay uses additional time slots to relay 
phase, effectively reducing the spectral efficiency. 
FD relay improves spectral efficiency. In VLC 
multi-carrier systems, the authors [50] studying a 
VLC OFDM system with FD relay. They first de-
veloped a realistic interior VLC channel model and 
presents the channel impulse response (CIR) for the 
loop interference channel, namely, from the relay 
transmitter for relaying the receiver. Based on this 
channel model, assess the performance of bit error 
rate (BER) of the OFDM systems with VLC relayed 
FD and compare its performance to both the direct 
transmission (i.e., Without relay) and relay HD. 
Their results show that FD relaying much better re-
sults than the HD over and becomes the obvious 
choice for the high modulation orders. 
 
To improve network reliability and improve the 
coverage, it is important to use relay in both RF and 
VLC networks [51] - [52].frequency systems VLC 
/ hybrid radio (RF) have emerged to provide im-
proved communication coverage [53], [54]. In [53]a 
number of VLC and RF access points are used to 
improve the coverage and performance overall rate 
system VLC / RF hybrid. In [54], VLC is integrated 
with an RF based wireless network to improve the 
achievable data rates for mobile users. The authors 
solved the problem of resource allocation for a VLC 
system / RF hybrid to maximize energy efficiency 
[54]. Their limits is to propose the optimal design 
of the energy harvest and packet transmission for 

the duration of the second hop [54]. A double hop 
VLC / RF system as a new hybrid VLC / RF ap-
proach to extend coverage inside VLC systems was 
presented in [55]. In this approach a second hop RF 
link is used to extend the coverage of a first-hop link 
VLC introducing a link between the two jumps. To 
reduce energy consumption, the relay is equipped 
with a photovoltaic module that collects light en-
ergy inside and converts electric power [56], 
[52].The relay uses the energy harvested to retrans-
mit the data received on the first VLC-hop link to a 
mobile terminal on the second-hop RF link. The 
dual-hop VLC / RF system proposed provides low 
complexity and energy efficient solution for extend-
ing coverage of VLC systems. [55]. 
 
The authors [57], the design of a receiver for optical 
wireless communications that can harvest energy 
while communication. Taking advantage of such a 
system, the performance of the relay system can be 
improved by harvesting energy from the received 
signals and the design of an optimal time of switch-
ing protocol EH [58], [59]. The authors [60] present 
a framework that deals with energy problems, inef-
ficiency of the spectrum and the issue of coverage. 
Specifically, their jobs are focused on a system with 
two users attended by a relay EH (Energy Harvest-
ing) decode-and-forward (DF).The two LED 
sources and receivers communicate via the relay 
and not directly. These assumptions are reasonable 
because of the limited coverage of VLC systems. 
The relay receives optical signals from two LEDs 
via a forward link and VLC. Information on both 
receptors via an RF link. They assumed that the re-
lay is self-powered, ie, is equipped with a capacity 
EH (Energy Harvesting). They studied the system 
described in the quasi-static fading where all chan-
nels are fixed. Furthermore, they emphasized the 
DF relaying strategy, although strategies more so-
phisticated relaying can provide some improvement 
in performance. [60]. 
 
On the other hand, [60] studied an RF / VLC EH 
relay system activated DF hybrid to increase the 
coverage of the system. The authors [52] consider 
an RF system / VLC hybrid with relay-based EH 
under delay constraints, if a parameter has been de-
veloped to control the time for excess EH and data 
packet and retransmission; Moreover, it was shown 
that the setting has an optimal value able to mini-
mize the probability of packet loss. The authors [61] 
analyzed the SC of the hybrid RF / VLC network 
based on DF relays with jamming capacities. First, 
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they showed how to obtain VLC-RF-based BF vec-
tors and maximize the achievable SC. Then, they 
define the power optimization algorithm taking into 
account the power constraints in the presence of the 
eavesdropper. Their results show the effectiveness 
of signal interference to the eavesdropper which, in 
turn, results in lower SC achievable to the eaves-
dropper. In addition, the results reveal an asym-
metry in the SC plots which is caused by the loca-
tion of the eavesdropper [61]. Wireless data trans-
mission in RF and VLC systems increases the risk 
of wiretapping attacks. The upper layers of security 
techniques, for example, data encryption, cryptog-
raphy, etc. can be used to secure communication, 
but it generally requires heavy computing and pro-
cessing powers which lead to high energy consump-
tion [ 62], [63].On the other hand, the Physical 
Layer Security (PLS) is considered as a viable solu-
tion for communication and before evacuation and 
listening illegal attacks scrambledage. It is in this 
context that the authors [64] study research PLS as-
pects of RF hybrid networks and VLC assisted by 
DF relay. They consider two different energy sav-
ing policies, namely, non-cooperative power saving 
(CRS) and Cooperative Power Saving  (CPS). For 
example, in the case of the SNPC, transmit nodes 
can be considered restricted entities peak energy 
which operate independently without the coopera-
tion of power between nos nodes. On the other 
hand, Cooperative Power Saving (CPS) describes 
another case when the nodes are flexible in terms of 
imposed power constraints and limited only by the 
total average power that can be applied in the fol-
lowing scenario. Since the performance of the DF 
relaying system is mainly dominated by the lower 
channel, it is essential to efficiently distribute power 
to maximize system performance. For example, the 
unused power source can be used by the relay node 
for answer to this requirement, and vice versa. To 
meet the growing demands exponentially related 
green communications, they formulated the energy 
consumption minimization problem for subsystems 
considered both. They studied the region and the 
Secrecy Capacity (SC) achievable in the consump-
tion of network scenarios considered. In addition, 
they evaluated the performance of the user's fault of 
interest to policy. To achieve the perfect secret, they 
exploit ZFBF (Zero-Forcing Beamforming) tech-
nique to prevent the activities of illegal listening 
and achieve positive SC for the desired users. Their 
results show that the proposed CPS cases surpas-
sing one NCPS (Non-Cooperative Power Saving), 
namely, to the NCPS, SC saturation starts earlier 

and maximum possible secrecy is still lower than 
that obtained for SPC. 
 
Statistical analysis of the radio access diversity 
dual-hop mixed system of RF-VLC relay was stud-
ied. [65]The relevance of such a scenario will in-
crease in the years ahead with the deployment of 
small cells 5G millimeter wave and proliferation of 
VLC technology indoor. The main aim of their 
work is to obtain new analytical expressions for the 
probability of failure and the average BER which 
are used to examine the effect of system parameters 
on performance. They used Monte Carlo simula-
tions to confirm analytical results [65]. They man-
aged to demonstrate that the half angle to half the 
power of LEDs significantly affects the perfor-
mance of the RF / VLC system. They also showed 
that a lower angle value results in a narrower optical 
signal, which leads to greater received optical 
power. The lower part, linked to the VLC environ-
ment, is reflected in better system performance, be-
cause the propagation path of the optical signal 
transmission is shorter. 
 
3.2 Cooperative systems in Terrestrial FSO 
Link and Space FSO Link   
 
In this section, we discuss different conceptions of 
cooperative systems that can be used in terrestrial 
and space systems and their recent research efforts. 

3.2.1  Cooperative systems in terrestrial FSO 

link 

Optical communication systems of free space 
(FSO) received the attention of the convincing re-
search because of its leadership in the optical spec-
trum unlicensed bandwidth high, high capacity, ro-
bustness to electromagnetic interference (EM), easy 
installation, high data rate. [66]. In spite of the ad-
vantages of FSO communication, there are limiting 
factors that play a major role. In general, a distance 
of 1 km there is a significant deterioration in the 
quality of the signal shown in the communication 
system FSO communication is the source (S) and 
destination (D) is practically impossible. These 
main limiting factors are the atmospheric turbu-
lence that causes scintillation and the other is the 
pointing error [66-67].This turbulence is nothing, 
but due to the fluctuation of the refractive index of 
the atmosphere due to the inhomogeneity of the 
temperature and pressure of the air particle. The 



Journal of Theoretical and Applied Information Technology 
15th June 2020. Vol.98. No 11 

 © 2005 – ongoing  JATIT & LLS    

 

ISSN: 1992-8645                                                                  www.jatit.org                                                      E-ISSN: 1817-3195 

 
1905 

 

pointing error is introduced due to the dynamic 
wind load, low thermal expansion quake earth 
which causes the tilting of the sighting path line 
(LOS) between transmitter and receiver. Optical co-
operative communication with various combination 
regimens is used to obtain better performance and 
overcome the deterioration due to fading the FSO 
link. The series and parallel relay performance of 
FSO assisted systems AF modes and relay futures 
were discussed in [68].The technique of coopera-
tive diversity to mitigate the effect of turbulence on 
optical links free space (FSO) has been demon-
strated by Chadi AbouRjeily et al in [69]. They have 
developed a closed form equation for the transmis-
sion of the entire optical power along the strongest 
link between the source and the destination. In [70], 
Chadi Abu Rjeily and A. Slim proposed schema 
mono-relay cooperative diversity and made the 
analysis of non coherent FSO communications us-
ing intensity modulation with direct detection (IM / 
DD). The technique of cooperative relaying with 
modulation pulse position (PPM) and optical inter-
leaving multiple access division to achieve spatial 
diversity and performance robust transmission to 
mitigate the effects of degradation of the atmos-
pheric turbulence has been demonstrated in [71]. In 
[72], and Mr. Karimi Nasiri Kenari analyzed 3 way 
communication configuration FSO where in the co-
operative protocol may be applied to achieve spatial 
diversity without much increase in hardware. Anal-
ysis of the FSO cooperative communication system 
for symmetric and asymmetric channel environ-
ments with PPM, Gamma Gamma AWGN channel 
model and has been discussed in [73].In [74] the au-
thors analyzed a cooperative assisted single relay 
system with symmetrical channel environments and 
asymmetric with the pointing error (PE). They are 
used binary input On-Off (OOK) modulation for 
data Gamma-gamma with AWGN as atmospheric 
turbulent channel model and the direct detection re-
ceiver at the end of the simulation equipment using 
Rsoft Optsim. Various techniques of combination 
such as maximal ratio combining (MRC), an equal 
gain combining (EGC) and selection combining 
(SC) are used at the receiver for comparing [74]. 
Their results show that a significant improvement 
in performance is obtained in the case of coopera-
tive communication with the use of the combination 
compared to maximal compared to equal winning 
combination and selection comb diversity combin-
ing techniques as described in the literature which 
deteriorates pointing error system performance. In 

some experiments the use of PPM and MPPM mod-
ulation gives better performance compared to OOK 
modulation. So given the importance of their work 
it would be much more important to use PPM and 
MPPM modulation to compare them with OOK 
modulation. 
 
The use of cooperative has also been recommended 
for FSO systems where technical relaying all active 
and selective have been implemented [68], [75]. All 
assets relay is set when all participating relay the 
cooperative effort by simultaneously decoded ver-
sions or Forwarding amplified symbols Information 
received at the destination node. This approach is 
characterized by a remarkable simplicity, because it 
can be implemented without the need to acquire any 
form of channel state information (CSI) [68]. The 
selective relay has been presented as an alternative 
to reship all assets where one relay is selected from 
all relays available depending on the condition of 
FSO network. The selective relay is the superior re-
lay to all active relays at the expense of increased 
complexity since we need to have CSI for reasons 
of choosing the relay with the best link - at the end 
of [76], [ 75]. In addition to adopting conventional 
two-phase source relay techniques and relay desti-
nation techniques, exploiting inter-relay links was 
found to be beneficial either through one-way links 
or links in both sense [77]. The added value of inter-
relay links has been studied in the case where only 
adjacent relays are connected [77]. The authors [78] 
extend the adjacent connectivity model in [77] for 
the complete connectivity model with 2 and 3 relay 
systems. They considered the bridging selection 
scenarios so they compared the all active and selec-
tive regimes, both analytical and numerical, and 
showed that they achieved the same order of diver-
sity.  
 
To improve the network reliability and improve the 
coverage, it is important to use relay in both RF and 
FSO networks. Mixed systems relaying RF-FSO 
have been widely discussed in the literature: The lit-
erature there has been a growing interest in how the 
FSO and RF link can be used in a double-hop con-
figuration to support the uplink [79- 80] and down-
link transmissions [81-82]. On the downlink, the 
rate of high flow FSO is demultiplexed and served 
more RF users. In an FSO-RF mixed system, both 
links experience fading. In the RF link, fading is due 
to multipath propagation of the signal while in the 
FSO link is due to the turbulence atmospheric. In 
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the literature on FSO systems it uses several differ-
ent distributions to model the statistical behavior of 
irradiance fluctuations turbulence channels of the 
atmosphere, such as log-normal, K, Gamma-
Gamma and double Weibull. For the RF link, Nak-
agami-m distributions or Generalized Nakagami-m 
(GNM) are generally assumed [81, 83, 82] and Gen-
eralized-K, the κ-μ models and Rice [84, 85]. In or-
der to provide a general framework on the perfor-
mance analysis of mixed FSO-RF systems, the au-
thors [86] considered a dual-hop system where FSO 
and RF links experience respectively Double Gen-
eralized Gamma (DGG) and Generalized-K ex-
tended (EGK) fading and their model works well in 
different situations of turbulence (ie weak, moder-
ate and strong). They described closed-form expres-
sions for the probability of interruption (OP), prob-
ability of bit error (BEP) and the ergodic capacity 
(EC) of mixed FSO-RF systems. They also per-
formed an asymptotically-noise signal (SNR) anal-
ysis to obtain the achievable diversity commands. 
Their results show that diversity controls depend on 
a number of system and channel parameters, RF 
fading and gravity shadowing, FSO turbulence pa-
rameters, alignment errors, type of detection and re-
laying technique [86] . 
 
In [87-88] the authors are investigating the double 
hop mixed systems (DH) using a relay system based 
Amplify-and-forward (AF) relay with a source liai-
son RF and a relay link to FSO. Furthermore, in 
[88], the expressions of closed shape for the outage 
probability and the rate of average bit error are de-
rived using distribution Malaga, which is regarded 
as a generalized model for the fading FSO link. In 
the case of AF relays, the relay node amplifies the 
received message signal and then transmits the am-
plified version to the destination node. However, 
the noise at the same time that the signal is also am-
plified, which is the main drawback of AF relay sys-
tem. In [89], a similar mixed system RF-FSO DH 
using a relay system according to decode-and-for-
ward (DF) was studied. In [90, 91], a relay-based 
system FSO-DF with a source-destination link is 
studied. In [92], an RF-FSO mixed system based 
DF is viewed with a single input multiple-output 
(SIMO) RF source-relay links and a mono-mono-
input-output (SISO) FSO relay desiwe link. In all 
RF mixed FSO above systems, the FSO is consid-
ered only as a last mile access link. Furthermore, in 
[92] expressions in the closed form of the failure 
and the probability ergodic achievable rate for the 

RF-FSO multihop relay-based DF and mesh net-
works are studied. In [94], the performance of an 
FSO-based hybrid switch / RF system is designed 
for an SH scenario, which is restricted to lognormal 
fading for the FSO link. In [90] the switching sys-
tem is considered as a source to destination link 
OFS live and a mixed link DHB ackup RF-FSO 
with an RF link relay source and a relay to FSO link. 
In addition, [94,95], two different link switching 
strategies are discussed, including a single regime 
FSO threshold which offers simplicity in the trans-
ceiver design, and a dual threshold FSO system that 
prevents unnecessary switching between the pri-
mary link and the FSO backup RF link or a mixed 
RF/FSO backup link. In [96], the authors analyzed 
the performance of a hybrid transmission FSO/RF-
based switching in a DH scenario with selection 
combining (SC).The derived exact expressions, 
however, are too complex and therefore the sim-
plest asymptotic expressions are needed. A switch-
ing system for an FSO/RF bridge DF based hybrid 
system using maximal ratio combining (MRC) to 
the destination [97].The system consists of a DF-
relay-based FSO and RF subsystems, which are ac-
tivated by means of a switching mechanism, with 
given priority subsystem FSO. The FSO subsystem 
initiates the transmission as the signal instant on 
noise (SNR) at the optical receiver exceeds a certain 
threshold, γth. When the SNR falls below γth the 
pass system to the RF subsystem, while putting the 
FSO subsystem standby. To overcome the tradi-
tional shortcomings DF relaying, the authors [97] 
used a protocol DF selective relay where the trans-
mission is conditioned based on a Skein from suc-
cessful decoding at the relay. [98]In the proposed 
scheme, they considered switching the entire sub-
system and not at the level of individual link. 
[97]The results of their simulations show that the 
hybrid system proposed by the MRC outperforms 
the hybrid HS system and cooperative FSO systems 
with the MRC in rouse diversity and benefits of 
switching, respectively. 
 
Despite the advantages of selecting relays, there are 
practical questions regarding the acquisition of CSI 
required for selection of relays that can have a sig-
nificant impact on system performance relaying se-
lection, following a channel estimation error and 
delay in the return channel, etc. Today, there are 
few studies on the impact of CSI on the perfor-
mance of a mixed RF-FSO system with AF relay 
selection, in which the partial relay selection 
scheme has been used [99] .In [100], the authors 
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consider an RF-FSO mixed system with a double-
hop AF relay in which a part of relay selection 
scheme was used to select the best relays. They also 
consider the RF channels are under constraints and 
Rayleigh spectrum sharing while the FSO channel 
is assumed to follow the Gamma Gamma distribu-
tion. By using multiple simulation results, they as-
sessed the impact of the feedback delay and relay 
selection on the system performance under different 
system settings.  

3.2.2  Cooperative systems in space FSO links. 

For Satellite systems have been widely used in nav-
igation, broadcasting, and emergency disaster be-
cause of the advantage of offering a service over a 
large area with a data transmission high rate, espe-
cially in scenarios where terrestrial wired or wire-
less communication systems are not available 
[101]. However, the availability of satellite signals 
can often be hampered by the masking effect, ob-
servation and obstacles that block the line to which 
the communication link (LOS) between the satellite 
link and a terrestrial user [102]. Disaster recovery is 
an important issue that requires the establishment of 
a broadband access from a disaster area the rest of 
the world. If the terrestrial infrastructure is de-
stroyed, then geostationary satellites may be used to 
provide broadband communication links in the dis-
aster area. On the other hand, systems of free space 
optical (FSO) offer very high data rates over short 
distances and can support more users compared to 
those taken supported by radio frequency (RF).In 
[103],it is under duress as transportable ground sta-
tions of cooperative relays can be used to provide 
broadband access in areas affected by thedisaster; 
these ground stations receive satellite signals and 
relay the received signals to a destination node on 
the link masked FSO. The satellite / terrestrial hy-
brid FSO cooperative systems are not only profita-
ble, but can also be deployed very quickly [103]. 
The authors [104] analyzed the amplify-and-for-
ward (AF) protocol [105] on the basis of the coop-
eration of the federative hybrid satellite and terres-
trial FSO systems, where the satellite-relay link fol-
lows the Ombré-Ricienne terrestrial mobile satellite 
model (LMS); and the FSO-relay destination link 
follows the Gamma-Gamma fading. Their hybrid 
satellite-terrestrial FSO cooperative system consid-
ered is different from a generic RF link tandem / 
FSO where the RF link following statistical fading 
much simpler. They derived the moment generating 

function (m.g.f.) For hybrid bond; use the m.g.f, the 
rate of approximate average symbol error (SER) of 
the respective cooperative system is obtained. In ad-
dition, they derived the order of analytical diversity 
from the AF-based reflected hybrid cooperative 
system. It was found that the diversity of satellite-
based systems FSO hybrid AF has a direct depend-
ence on the parameters of atmospheric turbulence 
FSO link. However, the maximum achievable di-
versity is limited by the satellite link [104]. Further-
more, in [106], the performance of the asymmetric 
radio frequency (RF) / FSO hybrid cooperative sys-
tem FSO-terrestrial satellite with two decode-and-
forward (DF) relays was studied. They other [107] 
analyzed the cooperative system hybrid satellite / 
terrestrial FSO recital DF relay. They adapted a 
more general and model complex Lutz presented in 
[108]which considers the LMS channel is a Markov 
model with two states with a good (unshadowing) 
and bad (shadowing) states. They also modeled the 
intensity fluctuations of the optical signal caused by 
atmospheric turbulence by a gamma distribution 
gamma [107]. 
 
In addition, according to the report of the ITU 
[109]about half of the world population are still not 
connected to the Internet with most of them living 
in the least developed countries. Therefore, the cost 
FSO hybrid satellite solution is also a very promis-
ing technique for reducing the digital divide in least 
developed countries, which generally inadequate fi-
ber optic network and wireless network infrastruc-
ture. [109]It is shown for the safety of the physical 
layer (PLS) theory [110] that the secure transmis-
sion of information can be obtained when the qual-
ity of the link indiscreetis lower than that of the le-
gitimate link. This motivates research into commu-
nication security from the point of view of infor-
mation theory [111], [112]. In [113], the robust se-
cure beamforming performance for the fifth gener-
ation (5G) wireless systems operating at millimeter 
wave frequencies and coexisting with a network of 
satellites is Studied. The performance of the secret 
of a satellite network and terrestrial cognitive in the 
presence of an eavesdropper equipped with multiple 
antennas is studied in [114] or the interference mo-
bile base station is deliberately introduced to im-
prove the safety of the satellite link. Motivated by 
the latest advances in physical layer security analy-
sis [115], [116] - [117] and the potential of the hy-
brid satellite-FSO system in various scenarios, the 
authors in [118] studied the performance of the se-
cret of the satellite-FSO hybrid cooperative system 
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for the two relay cases, Amplifier-and-forward 
(AF) and decode and forward (DF) in their docu-
ment. They have largely modeled the discoloration 
of the satellite link the shaded-Rice model while the 
FSO channel fading is modeled by the Gamma-
Gamma distribution. They take into account in their 
analyzes the effects of the fused channels, the im-
pact of the pointing error and the FSO detection 
techniques. They obtained the exact expression of 
the probability of secrecy failure (SOP) in addition 
to the closed form of exact expression of the capac-
ity of medium secrecy (ASC) [118]. 
 
3.3 Cooperative systems in underwater FSO 
links   

Paper In this section, we discuss different concep-
tions of cooperative systems that can be used in 
UOWC systems and their recent research efforts. 
Wireless communication underwater have been 
used in many areas, including disaster warning, ma-
rine environmental monitoring, and recognition of 
resources. Due to the advantage of transmitting high 
speed, high capacity anti interference and high se-
curity, underwater optical wireless communications 
(UOWCs) have captured widespread attentions 
[119].For the sake of checking the feasibility 
UOWCs, several research institutes have developed 
corresponding devices and experiences in the field 
demonstrated [120], [121] and issues on the net 
work optimization, including the deployment node, 
location and routing have been studied [122] - 
[124]. However, UOWCs suffer from several chal-
lenges, such as limited communication range and a 
great loss path. The aided transmission relay a 
promising technique to solve these problems. In this 
context, the performance characterization of Power 
Relay UOWC was fully explored by recent re-
search, [123] [125] - [127].The multihop connectiv-
ity with the relay in series is analyzed on absorption, 
scattering and turbulence channels induced for 
UOWC in [125], [126],where feasible transmission 
range and end to end error rate (BER) are derived. 
The transmission performance under multi-hop 
Amplify and Forward (AF) and the relay decoding 
and transfer (DF) relay is achieved and the impacts 
of Connectivityity multihop on location and routing 
are studied in [123], [127].These results indicate 
that UOWC aided relay can significantly extend the 
viable communication distance and improve net-
work performance. 

To fully exploit the advantages of cooperative re-
lay-assisted transmission, the allocation of re-
sources, such as relays and power, needs to be care-
fully studied. This resource allocation some re-
search has been presented in order to optimize the 
allocation of resources for free space optical net-
works (OFS) [128, 129, 130] and for underwater 
acoustic networks, there has been sporadic research 
on relay selection and power problem allocation 
[131, 132, 133, 134]. However, these research re-
sults cannot be applied directly in the UOWC due 
to its distinctive properties, including noise compo-
nents and link configurations. More concretely, the 
noise of solar radiation varies with the depth of the 
water in the UOWC, which has a negative effect on 
the communication performance. In addition, sub-
marine NLOS links are unique, where performance 
and application scenarios are significantly different 
from those of line-of-sight (LOS) links. Most exist-
ing research only investigates the performance of 
direct submarine communication based on NLOS, 
while the performance of cooperative underwater 
communication based on NLOS has never been ex-
plored. It is in this context that other [135] exam-
ined the relay selection problems and power alloca-
tion for the cooperation of optical wireless networks 
sub-husbandborn. The UOWC cooperative trans-
mission based on Amplify-and-forward relays (AF) 
is modeled, where in the noise solar radiation which 
varies with the depth of water is considered 
[135].They designed two relay selection schemes 
and power allocation, where in the optimization cri-
teria are designed minimizing energy consumption 
and maximizing the overall signal-to-noise ratio 
(SNR).These two optimization problems are both 
shown to be strictly quasi-convex, and the Leven-
berg-Marquardt algorithm (LM) is used to obtain 
solutions [135].The effectiveness of each system is 
measured in both networks based-LOS and NLOS-
based underwater, and there after, the main factors 
that influence the selection of the relay and the as-
signment is concluded for LOS and NLOS links 
[135]. These simulation results indicate that the pro-
posed scheme shows better performance in terms of 
energy saving and improving SNR. Moreover, the 
main factors that affect performance are UOWC co-
operative conclude that the balance between the 
path loss and the sound of solar radiation is essential 
for networks based on LOS, while eliminating the 
loss of refraction is crucial for networks based on 
NLOS. 
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4 OPEN RESEARCH QUESTIONS FSO 

COOPERATIVE SYSTEMS IN INDOOR 

ENVIRONMENTS, TERRESTRIAL, SPACE 

AND UNDERWATER. 

We discussed various works of cooperative systems 
in OWC links throughout this article. As we discuss 
applications of cooperative systems in OWC, we 
highlighted future research directions related to 
each subdomain, cooperative systems and OWC ap-
plication. The previous sections show that research-
ers are continually finding new applications for co-
operative systems in the OWC technology. The 
continued expansion of technology applications 
portfolio OWC makes it difficult to predict the fu-
ture of the OWC technology. In this section, we will 
give an overview of some of the future directions 
and applications that deserve more attention of co-
operative systems in the OWC technology indoor 
environments, land, space and underwater. 

4.1  Open research questions in systems 

cooperative indoor FSO links 

The main current research focuses on modulation 
techniques, mobility, connectivity uplinks, control 
of change and lighting, increase the achievable data 
rate, use of cooperative systems hybrid RF / FSO 
interiors. 
• The provision of channels uplink is an important 
issue .the solutions proposed, such as using IRC 
corner cube reflectors or RF systems, unfortunately 
does not correspond with the objective of VLC sys-
tem to provide high data rate in the uplink and down 
link these technical peuvent conflict, ensure mobil-
ity and minimize the size of VLC devices (mobile 
device).Therefore, new systems to provide an up-
link VLC are required. Intermediate stations (relay) 
have been studied for use in variety of networks to 
increase coverage area and capacity. Repeater sta-
tions can be used for VLC systems to: provide up-
link connection forusers and enable communication 
between users. 
• The main border in VLC and OWC is now net-
working. This includes networking and applied 
MAC techniques in the optical media for optimiz-
ing beam, detectors receptive fields of vision and 
guidance, and to determine the optimal allocation of 
resources including the wavelengths, spatial and 
temporal resources. Optimal front transport and 
backhaul network architectures using FSO systems 

multi-hop system FSO cooperative multi-hop relay 
DF parallel in canal of state information (CSI) are 
open questions deserve substantial attention to sup-
ply and collect data from optical or lighting 
sourcesand IRC detectors. 
• Using machine learning and artificial intelli-
gence in VLC and OWC is important and timely to 
carry out the optimal allocation of resources 
descrite above, to allow the network to self-config-
ure, self-adapting, taking into account interference, 
capacity, energy consumption, flow, reliability and 
availability are considered. 
• The use of relays in VLC and mixed systems of 
RF-VLC relay was studied to increase the coverage 
area and network capacity. The use of error correct-
ing codes include LDPC codes, Polar codes and 
codes fountains in cooperative systems in VLC to 
protect information and increase network reliability 
are open questions deserve substantial attention. 
• For hybrid RF networks / VLC secret ability 
based on a DF relay jamming capabilities analyzed 
in the literature. Moreover policy SPC is proposed 
for hybrid RF / VLC using a DF relay to allow 
nodes to share efficiently redundant power supply 
to improver confidential transmission. Use correct-
ing codes of errors such as LDPC codes and polar 
codes associated with the use of the CS and CPS are 
open questions deserve atvoltage to better improve 
the performance of hybrid systems RF / VLC. 

4.2  Open research questions in systems 

cooperative  terrestial FSO links 

Authors The main current research focuses on mod-
ulation techniques, techniques for selection relays 
active and selective, cooperative systems mixed RF 
/ FSO land, control of changes and lighting, in-
crease the achievable data rate, channel security, the 
error correcting codes. 
• The added value of inter-relay links was investi-
gated in the case are connected only adjacent relay. 
The context of all assets relay with a number of re-
lay were but also studied selective relay. Further 
work is required in this area use hybrid systems RF 
/ FSO with an associated DF relay with codes error 
correction to improve coverage and reliability. 
• In previous work, a system hybrid FSO / RF 
based switched transmission has been studied for an 
SH scenario which is limited to the lognormal for a 
FSO link discoloration. Since FSO and MMW RF 
transmission is limited to short communication 



Journal of Theoretical and Applied Information Technology 
15th June 2020. Vol.98. No 11 

 © 2005 – ongoing  JATIT & LLS    

 

ISSN: 1992-8645                                                                  www.jatit.org                                                      E-ISSN: 1817-3195 

 
1910 

 

from the beach, performance analysis of a DH co-
operative relay scenario is needed to improve cov-
erage and reliability. In addition, under the 5G cel-
lular networks, cooperative relaying is necessary 
for efficient transmission. 
• Using DF relay network for hybrid RF / VLC im-
proves performance in terms of secrecy capacity 
performance measures, such as the secret ability, 
power consumption and failure probability secret 
(SOP), in the presence of the eavesdropper both 
SWNT and CPS case. To achieve the perfect se-
crecy, ZFBF technique to prevent the activities of 
illegal listening and achieve positive SC for the de-
sired users. Work is needed using the secret ability, 
the failure probability secret (SOP) and ZFBF tech-
nical systems in hybrid RF / FSO to prevent eaves-
dropping activity and achieve positive SC for users 
desired. 
• The only relay analysis of cooperative system at-
tended symmetrical channel environments and 
asymmetric with the pointing error (PE) was inves-
tigated in the FSO. The binary on-off input (OOK) 
modulation for data Gamma-gamma with AWGN 
as atmospheric turbulent channel model and the di-
rect detection in the receiver end were also used. 
Work is needed in this area using the same chan-
nels, OFDM modulation, error correcting codes 
particularly LDPC codes to increase capacity but 
also the reliability of the transmission of infor-
mation in the FSO networks. 
• FSO cooperative communication, which focus 
on the use of reliability and terrestrial FSO links 5G 
networks of resources was studied. A parallel sys-
tem architecture OFS multi-hop is introduced to 
make the best use of network resources, which was 
found to be superior to increase reliability and 
throughput. Further work is needed in this area in 
hybrid systems use RF / FSO with a DF relay asso-
ciated with the OFDM modulation technique, 
MPPM for coverage, network capacity and reliabil-
ity of global networks. 

4.3  Open research questions in systems 

cooperative space  FSO links 

The main current research focuses on modulation 
techniques, techniques for selection relays active 
and selective, cooperative systems mixed RF / FSO 
land, control of changes and lighting, increase the 
achievable data rate, channel security, error correct-
ing codes, secret channel strategies. 

• The transmission of signals in an optical link sat-
ellite hybrid cooperation / FSO earth is considered. 
In particular, the problem of AF relay in a coopera-
tive binding hybrid satellite / terrestrial-FSO, where 
a masked destination node receives the transmission 
relayed from a FSO link was discussed. The relay 
satellite link is supposed to follow the fading shaded 
Rican, and the irradiance of the FSO link between 
the relay and the destination is assumed to tracking 
the distribution gamma-gamma. Investigations in 
this area are needed to consider the advantages of 
OFDM and MPPM to increase capacity system and 
make it more reliable transmission using error cor-
recting codes particularly polar code. 
• Performance-secret satellite FSO hybrid system 
using cooperative relaying strategies in AF and DF 
were investigated. Discoloration of the satellite link 
is modeled largely using model-shadowed Rice 
while the FSO channel fading is modeled by the 
Gamma distribution Gamma. Besides Fade chan-
nels, the impact of the error score and detection 
technique FSO are taken into account in our analy-
sis. ZFBF the technical systems in hybrid satellite / 
FSO the activity of to prevent eavesdropping and 
achieve positive SC for the desired users, the use of 
error-correcting codes are open questions deserve 
attention to better improve the performance of co-
operative systems hybrid satellite / FSO. 

4.4  Open research questions in systems 

underwater FSO links 

The main current research focuses on modulation 
techniques, relay selection techniques, channel ac-
quisition and power allocation, hybrid cooperative 
systems submarines (UOWC) / acoustic subma-
rines, increase the achievable data rate, the error 
correcting codes. 
• Despite the advantages of selecting additional 
work relays are needed in this area use in the acqui-
sition of CSI required for relay selection which can 
have a significant impact on the performance of re-
lay selection systems, due to channel estimation er-
ror and delay in the return channel. 
• Relay selection problems and power allocation 
for UOWC cooperative transmission based on Am-
plify-and-forward relays (AF) were studied. Further 
studies are needed in this area using a DF relay as-
sociated with correcting errors particularly codes 
LDPC codes and polars codes  to improve perfor-
mance and reliability of networks. 
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• Cooperative systems have been studied in optical 
submarine networks (UOWC) and acoustic subma-
rine networks. To improve network reliability and 
improve network coverage, the use of hybrid optical 
submarine networks (UOWC) and acoustic under-
water using a DF relay are open questions deserve 
attention for better improve performance systems. 
• Cooperative systems have been studied in the op-
tical networks in free space (FSO) and acoustic sub-
marine networks. To improve network reliability 
and improve network coverage, the use of hybrid 
optical submarine networks (UOWC) and spatial 
networks using FSO DF relay are open questions 
deserve attention for better improve performance 
systems.  

5 CONCLUSION 

Should In this article, we presented an overview of 
cooperative systems in the wireless optical that fo-
cused on deployment for communication in envi-
ronments the indoor, land, space and underwater. 
We have shown how cooperative systems technol-
ogies in optical wireless can offer a complementary 
technology for future wireless communications in 
the interior applications, terrestrial, space and sub-
marines that could coexist with RF systems. Four 
distinct classes of cooperative systems in OWC (in-
terior, land, space and submarine) were discussed. 
The generic components of FSO links including 
light sources, photodetectors, and modulations 
schemes, the main problems in FSO systems (in-
door, terrestrial, space, submarines), cooperative 
systems in FSO (indoor, terrestrial, space, underwa-
ter), the open research questions of cooperative sys-
tems in optical wireless for each category were 
identified. This review allows us to say that the use 
of cooperative systems in FSO systems (indoor, ter-
restrial, space and underwater) increases reliability, 
network performance. These cooperative systems 
also achieve better performance in terms of saving 
energy and improving SNR. This review allows us 
to say that the use of hybrid systems cooperative RF 
/ interior FSO (VLC), RF / FSO terrestrial, Satellite 
/ FSO helps improve reliability and increase sewing 
network. 
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