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1. Introduction

The fifth generation (5G) mobile networks have emerged as a viable option to
satisfy the Quality of Service (QoS) requirements for different classes of services

of data traffic. The 5G technology offers various promising services such as mas-
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sive system capacity, huge device connectivity, high-level security, ultra-low la-
tency, and extremely low power consumption [1]. To achieve this, 5G communi-
cation networks require high capacity cellular backhauls to ensure reliability for
the massive number of devices into the core network [2]. FSO communication
technology has emerged as a promising cost-effective solution to mitigate con-
ventional Radio Frequency (RF) spectrum scarcity. FSO is a line of sight (LOS)
point-to-point transmission system that provides outstanding communication fea-
tures such as ultra-high data rate, low latency, low cost, and lower power consump-
tion while offering reliable security, electromagnetic interference free transmis-
sion, and high system efficiency thanks to its broad optical spectrum [3]. The
major FSO limitations are due to the atmospheric turbulence, the atmospheric
attenuation resulting from the diverse weather conditions and the physical ob-
structions. These environmental factors highly degrade the FSO link performance
and may result in link unavailability.

MANETSs are multihop networks that are built “on the fly” and they do not
have any backbone infrastructure or central coordinator. Research in MANET
and FSO is of great importance for bandwidth intensive applications like mul-
timedia. Free Space Optical Mobile Ad Hoc network (FSO MANET) was orig-
inally designed for military applications and Delay Tolerant Networks. Today,
they can also be used in emergency disaster relief efforts. An example of an
FSO MANET application could be a network made up of mobile FSO nodes
such as robots. This can serve as a viable communication system for medical
experiments.

The research work [4] demonstrates that FSO in multihop communication
achieves a significant reduction in the mean bit error rate (BER) and reduces the
variance of the bit error rate. In this paper [5], the authors proposed new FSO
node design that uses spherical surfaces covered with transmitter and receiver
modules for maintaining optical links even when nodes are moving in an FSO
MANET communication system. A similar work [6] was proposed later that stu-
dies a multi-transceiver spherical FSO structure as a building block for enabling
optical spectrum in mobile ad-hoc networking. FSO MANETSs are implemented
using extensions for free space optical structures along with NS-2.34 provided in
the package for FSO extensions. The free space optical node uses multiple inter-
faces for transmission and reception of packets. The authors in [7] aimed at de-
signing an efficient routing in FSO MANET. This paper proposes a method to
find the stable path as well as stable nodes between the source and destination.
Another research work [8] developed and simulated a geographical routing pro-
tocol called Dir-DREAM (Directional Distance Routing Effect Algorithm for Mo-
bility) for the FSO MANETs where nodes have multiple FSO Antennas. The
proposed protocol uses node’s location information and past information of in-
terfaces over which packets from nodes are received for routing. Most of these
papers on FSO MANETSs discuss the directionality and LOS but few papers tackled
the effect of the atmospheric turbulence on the performance of FSO MANETSs.
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The atmospheric turbulence occurs due to inhomogeneities of pressure and tem-
perature. Its effect induces random variations of the air’s refractive index, that
cause fluctuations in the amplitude and phase of the optical signal at the receiver
end, known as atmospheric scintillation [9].

Scintillation fluctuations can be categorized into three regimes: weak, moderate,
and strong. This paper presents the FSO channel that models the random inten-
sity fluctuations using the Exponentiated Weibull (EW) distribution. It has been
shown that the EW is a good distribution to model the FSO signal irradiance
under the three turbulence regimes while using the aperture averaging technique
[10]. Aperture averaging is one of the most used measures to mitigate the scin-
tillation effects on the optical beam [11]. It consists of increasing the area of the
detection plane to collect the signal as much as possible.

For the simulation of the FSO MANETS, the Network Simulator 3 was se-
lected as it provides models that cope with real world philosophy and concepts.
NS-3 does not have an FSO module. Therefore, the FSO module in NS-3 was
first implemented.

Further, the remainder of this paper is structured as follows. Section 2 presents
the theoretical analysis that details the computation of the average BER. Section
3 presents the FSO MANET network architecture while Section 4 analyses the
performance of the proposed work through simulations. Section 5 presents the

conclusion followed by references.

2. FSO Channel Model

The received signal power Pr of an FSO link can be computed as follows [12]:

2 L
g :P(%) rz10 0 (1)

¥ t

where P is the transmitter single power, @is the beam divergence angle, 7, and
7, are the antennas gains of transmitter and receiver, respectively, 7(4) isthe
transmitted light’s attenuation and Z is the link distance.

To quantify the effect of intensity fluctuations, the scintillation index is usual-
ly used [13]. Another important parameter is the Rytov variance, o. In the
weak turbulence regime, the scintillation index is proportional to the Rytov va-

riance. Rytov is calculated as [14]:

7 11
o} =1.23C kS LS (2)
where C; is the turbulence strength, k= 27/ is the optical wave number, and
L is the distance between the transmitter and the receiver.
The probability density function (PDF) of the received irradiance I using the
EW is expressed as [15]:
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where aand fare shape parameters, and 7 is the scale parameter.
The shape parameter ais defined as [16]:

2

22002
o= 7.2200; @)

2
F(2.487016 - 0.104J

The shape parameter Sis given by:

-13

B=1.012(ac} ) +0.142 (5)

where o) is the scintillation index.

The scale parameter 7is calculated as:

1
n= " (6)
al"[l+ﬂjg(a,ﬂ)
where g(a,f) is defined by:
. 1+4
. _lt . 1—1‘((1)
g(a,ﬁ) — izow (7)

i (a—i)

The BER of FSO systems with IM-DD and OOK modulation in the presence
of Additive White Gaussian Noise (AWGN) can be calculated as [17]:

L, =%erfc[ “i\g{o ] (8)

where erfc is the complementary error function and SNR, is the signal-to-noise
ratio in the absence of turbulence.

The SNR can be computed as:

R(PR,)

SNRo == k18

9)

where Brepresents the bandwidth, Tis the absolute system temperature, R is the
load resistor, K is the Boltzmann’s constant, R, is responsivity of the detector
and P is the received power.

Over the turbulent FSO links, the BER is considered a conditional probability
needs to be averaged over the PDF of the signal, to get the unconditional BER. In
the presence of turbulence, the BER is estimated as [18]:

BER = [" f (1) PdI (10)

Doing the necessary mathematical transformation and approximation, the
BER could be written as:

a

B
o n V2o
BER =—*—>» W <l-exp|—-| —2=.z (11)
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where z is the k-th root of the generalized Laguerre polynomial L (z) and

F(n+1)zk
2
W, =

ni(n+1) {L (2 )T

W, is computed as [19]:

(12)

3. Network Architecture

Considering the FSO channel model described in the previous section, the NS3
FSO error model is used to compute the packet error rate (PER) of the FSO links
between FSO nodes. The PER is compared to a random variable to decide about
the acceptance or the rejection of packets. In other words, strong turbulence in-
duces higher PER and leads to high packet lost rates. Further, in order to simu-
late the FSO model in a MANET scenario in NS-3, the FSO nodes were ran-
domly deployed in a 5000 by 5000 m’ terrestrial area. Whereby the number of
mobile nodes is set to 25, 50 and 75, the average transmission radius of each FSO
node is set up to 4000 m. The mobility speed was set to 20 m/s. Ten different
source/destination pairs were defined. Furthermore, the simulation is repeated
100 times to obtain statistically accurate and stable results. The simulation time
is set to be 120 seconds. Strong and weak turbulence modes have been consi-
dered. The main KPIs considered are the throughput and PDR. In order to cal-
culate the KPIs, the Network Performance Analysis Framework (NPAF) NS-3
module has been used [20]. Figure 1 shows the 25 FSO mobile nodes random set
up and Table 1 presents some of the main parameter’s values used in the simu-

lation.
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Figure 1. FSO mobile nodes in a random position set up (case of 25 nodes).
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Table 1. Simulation parameters.

Parameter Value
Transmitted power 10 dBm
Receiver diameter 20 cm
Attenuation model Kim
Radius of transmission 4000 m
Traffic type CBR
Packet size 1024
Simulation time 120 s

4. Results and Discussion

e Throughput and PDR versus data rate (strong turbulence)

According to Figure 2, the throughput increases as the data rate increases in
the presence of the strong turbulence. However, this increase depends on the
network density. Further, the throughput gets lower as the number of mobile
nodes becomes larger. So, at 150 kbps and with a number of nodes of 75 nodes,
the achieved throughput is 2100 kbps.

Further, as shown in Figure 3, the PDR is plotted versus data rate for different
number of mobile nodes. It is clear that as the data rate increases, the PDR de-
creases. However, the best PDR is obtained when the number of mobile nodes is
the smallest. For instance, at 150 kbps and in the presence of strong turbulence
with 25, 50, and 75 nodes, the PDRs are 77%, 76%, and 73% respectively.

e Throughput and PDR versus data rate (weak turbulence)

As shown in Figure 4, the throughput increases as the data rate increases in
the presence of the weak turbulence. However, this increase depends on the net-
work density. Further, the throughput gets lower as the number of mobile nodes
becomes larger. Further, as shown in Figure 5, the PDR is plotted versus data
rate for different number of mobile nodes. It is clear that as the data rate in-
creases, the PDR decreases. However, the best PDR is obtained when the num-

ber of mobile nodes is the smallest.

5. Conclusions

In this paper, the impact of atmospheric turbulence is investigated in the con-
text of FSO MANETS in NS-3. The proposed FSO channel model uses the EW
intensity distribution to model the atmospheric channel turbulence. The FSO
nodes were randomly located and were moving in random directions. Further,
the network density varied from 25, 50 to 75 nodes. Performance results show
that the throughput and PDR values get lower as the number of mobile nodes
becomes larger. It is also found that the throughput and PDR values in the

strong turbulence regime are lower than those in the weak turbulence regime for
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Figure 2. Throughput versus data rate for different network node density in the

presence of strongturbulence.
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Figure 3. PDR versus data rate for different network node density in the pres-

ence of strong t turbulence.

the same date rate. For instance, at 150 kbps and in the presence of strong tur-
bulence with 25, 50, and 75 nodes, the PDRs are 77%, 76%, and 73% respective-
ly. Further, at 150 kbps and with a number of nodes of 75 nodes, the achieved

throughput is 2100 kbps only.

DOI: 10.4236/jcc.2022.1010011

168 Journal of Computer and Communications


https://doi.org/10.4236/jcc.2022.1010011

L. Bouanane et al.

Throughput vs data rate
3500 [ : ;

3000 |

2500 |

N
o
o
o

Throughput kbps

1500
¢

1000 : :
50 100 150 200

Data rate kbps

Figure 4. Throughput versus data rate for different network node density in the

presence of weak turbulence.
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Figure 5. PDR versus data rate for different network node density in the pres-

ence of weak turbulence.

Further, in order to have a more comprehensive study of FSO on MANETs
with the presence of atmospheric turbulence, the impact of mobility, especially

the mobility speed will be investigated in our future research work.
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