I. J. Computer Network and Information Security, 2020, 1, 27-42
Published Online February 2020 in MECS (http://www.mecs-press.org/)

DOI: 10.5815/ijcnis.2020.01.04

=

|
| Modern Education
| and Computer Science

| PRESS

Centralized Relay Selection and Optical Filtering
Based System Design for Reliable Free Space
Optical Communication over Atmospheric
Turbulence

M. Mubasher Hassan
Research Scholar, ECE Department, National Institute of Technology (NIT),
Srinagar, J&K — 190006
Assistant Professor BGSB University Rajouri (J&K)
E-mail: mubasher2003@gmail.com

G M Rather
Professor, ECE Department, National Institute of Technology (NIT),
Srinagar, J&K, India — 190006
Email: gulammohdrather@yahoo.co.in

Received: 03 October 2019; Accepted: 20 December 2019; Published: 08 February 2020

Abstract—The need for much better data rate in support
for the applications having the high speed has gathered
the attention to the development of Free space Optical
communication technology (FSO). But the widespread
usage of this technology is restrained by the several ill
effects caused by the atmosphere on the propagation of
optical signals. In order to mitigate such problems in the
FSO communication, relay assistance has been employed
and this serves the alternative to the spatial diversity. Free
space optical (FSO) communication is a cost-effective
and high bandwidth access technique, which has been
receiving attention to recent commercialization successes.
FSO get affected by the weather turbulence and it leads to
severe problems in the transmission channels. In this
paper, we proposed the Centralized Relay selection and
Optical Filtering (CROF) for processing the signals in the
FSO system which overcomes the environmental
challenges. Initially, an effective relay is selected with the
centralized switch and stay algorithm. This algorithm
selects suitable relay for serial path transmission. Here,
the serial path is considered for signal transmission in a
free path and the distributed Greedy algorithm with serial
transmission is utilized to obtain more information. Then
atmospheric  turbulence induced scintillation noise
presented at the signal is eliminated through modified
Kalman filtering. Finally, the performance of the
proposed FSO system is evaluated in MATLAB
simulation platform and these evaluations are analyzed
for different atmospheric conditions like fog, haze, rain
and clear weather. The performance evaluation shows
that the proposed algorithm outperforms the non-
cooperative scheme and an existing relay selection
protocol and reliable communication with improved SNR
and BER is achieved.

Copyright © 2020 MECS

Index Terms—Free Space Optical Communication,
Atmospheric  turbulence, relay selection, weather
conditions, serial model, filtering.

. INTRODUCTION

Free space optical communication (FSO) has gained
significant attention in research and in commercial
applications due to its unique features like license free
spectrum, large bandwidth and low cost [1, 2]. The FSO
mode of wireless technology was not implemented at
large till date due to its poor performance under adverse
atmospheric conditions and the corresponding need was
fulfilled by RF technology. But now the demand for large
bandwidth for future communication systems cannot be
fully satisfied by RF and therefore, the paradigm shift
towards FSO communication comes into the picture. The
major challenge in FSO communication is to mitigate the
ill effects of various atmospheric conditions. The FSO
system performance depends intensely on characteristics
of the channel and the atmosphere in turn decides the
channel characteristics. Thus, for a point-to-point optical
link, the inhomogeneities in temperature causes variations
in refractive index leading to atmospheric turbulence.
This degrades the communication system performance
mainly over the distances of 1km or longer [3].

In order to describe the characteristics of optical
channel, numerous statistical models have been proposed
with reference to strength of atmospheric turbulence [2].
For modeling the irradiance of the optical channels for
weak-to-moderate and moderate-to-strong turbulence
channels, the log-normal as well as the gamma-gamma
distributions have been found to be suitable; meanwhile
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they provide good agreement between theoretical and
experimental data [4].

FSO communication is an important area in free-space
information systems [5]. This technology is utilized for
ship to ship communication, up-and-down connections
among space platforms, aircraft, satellite-to-satellite cross
links, other ground platforms, and between mobile
terminals inside the environment [6]. In the free space
environment, the various techniques have been adopted
for turbulence management over FSO systems. If the
medium includes broadcast over the environment and
numerous applicants are distributed in the identical
optical channel, the medium reveals arbitrary activities
that relate compactly through protocols in the upper layer
[7]. A different system designs are required to be
enhanced through numerous system layers towards
moderate system performance [8].

FSO is considered as the highly secure transmission
medium and the main challenge of this technology is
posed by the atmospheric weather condition [9]. Here
signal scattering occurs due to the optical photon and this
is caused by the small particles present in the air. If the
particle size is comparable to the wavelength of optical
wave, then scattering will occur. Since the particles are
having larger size and it is more effective to the shorter
wavelength of light [10]. In case of atmospheric
attenuations like haze and fog, the visibility (km) is
considered as a significant weather parameter and it
causes power loss [11]. If snow and rainfall are combined,
then the dominant attenuation will occur. Additional
experiments were performed in which the attenuation is
described as a consequence of scattering [12]. FSO link
unavailability is mainly caused due to heavy rain and
dense fog in the tropical regions [13].

The most influences of a data link in FSO is due to
variations of turbulence such as arbitrary optical power
variation, optical absorption and scattering, displacement
of the beam centroid and wavefront alterations.
Additional influences happening due to environment (i.e.
Weather data) are used for further processing [14]. In
traditional processing, some methods are used for
eliminating the challenge in FSO broadcast. The methods
are Kim Model, Kruse Model, Al-Naboulsi Model and
ljaz Model [15]. The Kruse model has been widely used
in recent years as the unique model that predicts the
attenuation from the visibility data. One of the unique
models for predicting attenuation problem is Kruse model
that provides the visibility of data. Fog attenuation for
Kim model is V < 500 m which is considered as
wavelength independent [16]. Attenuation of fog has the
spectral band of 0.69-1.55 m and it has the visibility in
the range between 50 m and 1 km. Attenuation
wavelength V > 15 m for ljaz Model and compared to
infrared wavelengths, visible wavelengths are more
attenuated [17].

The major challenge in the research is environmental
condition which produces problems in the overall
performances. The clear air turbulence also induces some
problems and efficient coherent systems are needed to
eliminate these problems. They also reduce the cost of
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communication and other interference problems [19].
Subsequently, these sources of FSO network improve the
effective capacity of overall communication systems [20].
Problem regarding the existing works:

Transmission of optical signal is subjective through
many challenges before it reaches to the receiver such as
background noise, geometric losses, atmospheric
turbulence, misalignment errors and weather attenuation
losses. FSO communications are decided in dual trial
facing process: which are weather attenuation and
atmospheric turbulence by the geometric loss. This kind
of loss is termed to power loss. Some literatures from
[21-25] have the solution to solve the problem but still it
has disadvantages.

The problem related to the existing works are worthy
to note that in dense fog, using high power and/or shorter
links could not help much to improve the system
performance. So, high power consuming and low error
interfering systems must be designed in proposed work to
overcome the FSO challenges [35]. In this work we can
solve the problem regarding data rate, throughput and
SNR with RMSE values under haze, fog, rainy and clear
atmosphere condition. For that we design CROF
technique to achieve better model for solving the FSO
difficulties.

Optical signal transmission is influenced by several
difficulties before it reaches to the receiver such as
geometric  losses, background noise, atmospheric
turbulence, misalignment errors and weather attenuation
losses. FSO transmissions are conceived with two major
attenuation problems and they are atmospheric turbulence
and weather attenuation. Both these attenuation problems
eventually lead to power loss. The work is based on FSO
communication using relay assistance. Numbers of relays
are distributed between the source and destination and the
proposed relay selection algorithm outperforms some
existing relay selection techniques.

The contribution of the work is given below:

The prior works on the optimal relay selection or relay
placement in FSO networks were mainly focused on
maximizing the diversity gain, reducing the outage
probability, or maximizing the capacity for an individual
BS. In this paper, we consider the challenging problem of
relay selection and power allocation under power and
cost constraints, aiming to maximize the overall FSO
network capacity. We develop an effective method for
minimizing scattering losses and this will lead to power
of minimum atmospheric turbulence. This is highly
competitive solutions to maximize the total throughput of
the cooperative FSO network. The modified Kalman
filter which progresses the performance in atmospheric
turbulence based scintillation noise removal is the chief
contribution of this paper. The choice of modulation
schemes depends on two main criteria in the FSO
communication, namely optical power efficiency and
bandwidth efficiency. By computing optical power gain
over OOK provided both, the modulation schemes have
same Euclidean distance, the optical power efficiency can
be measured. So compared to other techniques we have
been using modified Kalman filter based scintillation
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noise removal techniques since we can achieve minimum
Bit Error Rate (BER) which is given at section 5. In
addition to that, we can also achieve better data rate,
throughput and SNR with minimum RMSE values under
haze, fog, rain and clear atmosphere condition. The
experimental expectations are to establish a reliable link
between source and destination under various
environmental conditions for short range that can be used
for various applications in the next generation networks.
In our method, the transmitter transmits data from the
source directed towards the relays. Subsequently, one
relay forwards the signal and then retransmits it to the
final destination. The best relay should have the highest
end-to-end signal-to-noise ratio (SNR). In the Source-
Relay scheme, there is a number of FSO centralized
parallel relays in the communication system. The best
relay selection is determined when the data is transmitted
from source to the best relay. However, the concept of
best relay selection can also be applied to coherent
modulation and demodulation. This paper concentrates on
IM/DD due to its simplicity and low cost. A different
number of relays are considered. Moreover, different
turbulence schemes are considered as the weak-moderate
turbulence, which is modeled by K distribution channel
model. The obtained results show that there is no
optimum technique under different conditions, since the
optimum technique depends on several factors, such as
the number of relays, turbulence, and pointing bit error
effects.
The objective of the work is given below:

e To design an efficient free space optical
communication systems in the presence of weather
attenuation losses and atmospheric turbulence

e To minimize the effects of scattering in FSO.

e To design the technique for the efficient relay
selection

The remainder of this manuscript is organized as
follows. In Section 2, we review the works related to the
FSO communication over environmental factors. Section
3 describes the system model of the proposed work. In
Section 4, the proposed methodology for improving
reliable optical communication is described. The
experimental setup of our evaluation is presented,
strategies for combining relative criteria are discussed
and the obtained results are discussed in Section 5.
Section 6 addresses the conclusion of the paper.

Il. RELATED WORKS

1. Imran Shafique Ansari et al. [21] framed the
analysis of FSO system which resolves the issue of
error reduction and it provides intensity
modulation/direct detection (IM/DD). Additionally,
they presented integrated expressions of the
moment generating function, probability density
function, cumulative distribution function and the
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moments of the SNR for FSO communication
systems. Here asymptotic expansion of the
Meijer’s G function also used for solving SNR
problems.

2. Ambreen Niaz et al. [22] introduced a chaos
masking scheme to hide the message signal inside
the generated chaos before transmission. As FSO
communication efficiency and link availability in
different atmospheric conditions was a major
concern. The FSO communication was
investigated under fog, rain and haze conditions
and analysis and comparison was made based on
Q-factor and eye diagram pattern. The outcomes
were further studied for both FSO communication
models, i.e, with and without applying chaos
masking scheme.

3. Abhijeet Upadhya et al. [23] developed a novel as
well as an accurate mathematical expression of the
probability density function for an FSO link
experiencing  a-pL  distributed  atmospheric
turbulence in the presence of pointing error.
Further, an analytical expression of outage
probability and bit error rate in terms of Meijer-G
function was also presented. The atmospheric
turbulence, various binary modulation schemes,
misalignment errors for intensity modulation on
the optical wireless link were considered to yield
the results.

4. Ahmed Basahel et al. [24] suggested a technique
which is suitable for FSO link availability in case
of tropical climate. In this work they considered
three cases for effective availability of the link (i.e.
Dense haze, normal haze, and rain with dense
haze). In case of dense, the attenuation is almost
155dB/km and for normal case it is 6dB/km.

5. Maged Abdullah Esmail, et al. [25] introduced a
probabilistic  system under stochastic fog
conditions. Here channel behaviours in various
locations are measured in which the cell sizes are
less than 1 km. This system was suitable for fifth-
generation/sixth-generation  (5G/6G)  networks
because of less cell size.

6. The problem related to the existing works is
worthy to note that in dense fog, using high power
and/or shorter links could not help much to
improve the system performance. So, high power
consuming and low error interfering systems must
be designed to overcome the FSO challenges.

The literature survey gives an impression for
developing various FSO systems using different
approaches. The common point in these works relies on
an improvement in performance, so as to establish
reliable  optical ~wireless connectivity.  Different
performance parameters like SNR, Q-factor and BER
were analyzed in different weather conditions. The
objective of the proposed work is related to the literature
taken into consideration with the intention to improve
further performance.
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I1l. SYSTEM MODEL FOR THE PROPOSED FSO

Centralized Relay selection and Optical Filtering
(CROF) for modelling an FSO system is designed in our
work to overcome environmental challenges. The
modified Kalman filter, analyse the noise performance of
both single-stage and dual-stage filters by evaluating the
signal to noise ratio. A perfectly fast-tracked FSO laser

0.5km FSO link with atmospheric effects

communication system experiences random power fading
due to atmospheric turbulence. For an FSO
communication system without fast-tracking or with
imperfect fast-tracking, the fading probability density
function is affected by the pointing error. The pointing
error is the overall displacement between the laser beam
centre and the receiver aperture centre.

Transmitter

Tower

Receiver

Q
Government o
Play ground offices buldings o
IT solution Minimized
companies atmospheric
Turbulence

Relay 1

Selecting one relay

[ 3

Signal with minimum
attenuation loss

Relay 2

Y

Relay 3

Distributed e
greedy for Nedliimai Signal with
g Kalman o 5
collecting all AN minimum Noise
t ! filtering
information

,
Switch and stay
relay
selection
N\

Relay n

Central controller

Fig.1. Schematic representation of proposed CROF system

Schematic representation of the proposed CROF
system is represented in figure 1. In this paper, we
consider the challenging problem of relay selection in
FSO networks. The objective is to maximize the
throughput of FSO network under constraints of a given
power budget and a limited number of FSO transceivers.
Here relay selection avoids the power loss and it is
accomplished through a distributed switch and stay relay
selection algorithm. The centralized relay selection
algorithm requires a central controller. For that, we used
the distributed greedy selection algorithm. Finally,
scintillation noise due to atmospheric turbulence is
eliminated with the modified Kalman filtering.

The FSO communication system includes single
transmitter, receiver in addition to multiple relays.
Among them best relay is selected which is extensively
structured in FSO systems. Here atmospheric turbulence
mitigation is processed with On-Off Keying (OOK)
modulation and Modified Kalman filtering techniques.

A. System model

Reliable Free space optical (FSO) communication is
investigated as efficient FSO transmission. Atmospheric
turbulence effects cause fluctuation in the optical power.
A suitable power link margin is required to overcome the
power fluctuations. This evaluation is carried out in the
presence of two difficulties such as atmospheric
turbulence and weather attenuation losses under various
atmospheric conditions. In addition to the atmospheric
turbulence, optical signal scattering is also required to be
reduced with the suitable mitigation technique. In FSO,
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base stations use relays structures to improve the link
quality. The system model under consideration is
depicted in Fig. 1. In particular, the communication
between the source S, and the destination D, is achieved
with the aid of multiple relays, denoted by R; ie{1,...N}.

B. Channel model

K-distribution channel model is utilized here, as it is
suitable for strong turbulent regimes [36]. This offers
experimentally and practically good results in the system.
The K-channel could not easily relate the channel
parameters with atmospheric turbulences. Therefore, it
has limited utilization as well as applications. The K
distribution channel model is appropriate to achieve a
distance of 1km.

High directional FSO links are identically susceptible
to weather turbulence and it causes signal degradation
due to propagation. In this proposed method, FSO link
turbulence and power loss are taken into account for
modelling an entire framework. For that, initially an
optical channel state S is designed and it is a combination
of two factors (i.e., atmospheric turbulence impacts (S)
and propagation loss (Sy)) as [26].

S=S5 xS; oy

In this above equation (1) turbulence is the function of
link length (1) and optical wavelength (4). Then the S
function is given in below equation (2).
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—al
— ATX BRXe (2)

(21)?

In equation (2), Arx and Ag, represent the aperture
areas of transmitter and receiver respectively. The
attenuation coefficient (o) is the relational component of
the environment and wavelength. In case of fading effects,
St is modelled and it can be mostly used for weak and
moderate turbulence.

The FSO channel model is written as in (3)

Si

y=sX+n 3)

In this above equation, transmitted and received signals
are represented as x and y. The noise is denoted as ‘n’.
Here, the maximum data rate is obtained with the
communication pair and this is given below in equation

(4).

2
|5h,|| Wh, 4)

Wy, = Blog| 1+ o

The source and destination direct link are given as Sy,
and transmit power is given as Wy, Noise power is
induced from the channel during the transmission which
is given as o Thus, the maximum achievable capacity
between both sender and receiver is demonstrated as Ps,.

2 2
Py r =%min |ng[1+sh'rzvvh],logz l+[sh"2Wh+Sr";NrJ
o o

Q)

In equation (5), W;, and W, denotes the transmit power
of relay’s sender and receivers. B denotes the bandwidth
and Sp, and S;, are the channel states of source and
destination relay link. A different channel model
comparison is given in table 1[38].

Table 1. Comparison of different channel models

Bandwidth 0.5 GHz

Model Parameters Atmospheric turbulence Findings
Kolmogrov 1550nm wavelength Weak For 2 km distance this model is
spectrum model Infinite radius of curvature 203 suitable
P 0dBm transmitted power (0°<03)
100 m link length
Log normal model Receiver diameter 0.1 m Weak Average t(ansmitted power is
Temperature 300 K (62<03) improved
Attenuation coefficient 0.1 dB/Km
Log normal channel 155(_)nm wavelength Weak Link value is 3.45 Km ynder weak
Transmitted power 26 dBm 2 turbulence condition
model (6°=0.297)

Auvailability is above 99.9%.

Gamma Gamma System temperature is 300K in

Moderate to strong

Spectral efficiency rate is decreased

channel distribution atmospheric turbulence. (0.25<6°<0.75) with increasing transmitted power.
K distribution Wavelengths 1550, 1310,850 nm Strong in::frézger;uvmltaﬁ Lg{awsvifgfgn?t
channel model Link distance 2.5 km, 3 km. (06%>>1) gep Y

decreases.

C. Turbulence model

In an optical link, due to the change of refractive index
of an air may produce significant fluctuation in the signal
propagation. Thus the coherence of the receiver is
reduced and it produces some fluctuation during the
processing of optical signal. Usually some distributions
are modelled to characterize the turbulence effects (i.e
strong, moderate and weak). Following expression gives
the probability density function of turbulence [26].

2o, (o+p)I2 . 0
PG<x>=(F’(’;Ta< o'B  Glopa)  (6)

Where a is the attenuation coefficient of transmitted
signals and the interference and it should be greater than
zero. Effective large and small scale eddies are denoted
by o and p and T represents the gamma function of the
distribution and B is the modified Bessel function. In
each case, gamma function should be treated
independently to eliminate the effect of turbulence. The
turbulence metric is represented as the difference among
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received mean irradiance to the standard deviation of the
irradiance, and enlarging metric stabilities the belongings
of scintillation and beam spread [29]. A Gaussian Schell-
model beam is established through the arrangement of
metric, in which the optimization parameter is the
transverse coherence length. The metric is realistic for
establishing the features of the enhanced coherence
length for a purpose of a variety of link parameters and
scenarios. In general, the optimized coherence length
tends to decrease with maximizing propagation distance
and turbulence strength. Thus, P;(x) parameters aimed

at best performance in an FSO link should balance the
development for reducing scintillation through the loss of
signal strength due to divergence.

IV. CENTRALIZED RELAY SELECTION AND OPTICAL
FILTERING IN FSO

DSSRS algorithm is mainly used for the relay selection
process and it is one of the centralized algorithms for the
power loss control. Here synchronization among the
relays is not possible since it uses end to end time slot
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activation at a time and here end to end path is only active
at a time of transmission. Significance of utilizing relay
selection in multiple relayed scheme in the multiple
relayed system is that there is no need of synchronisation
among relays, as only one end-to-end path is active in
each transmission slot.

Fig.2. FSO system with optimal relay

FSO

In the above fig.2., serial relay path is given and this
will be selected through a hybrid switch and stay and
greedy selection algorithm.

The deployment of relays is such that there is the
possibility of multiple paths through one or more than one
relay between source and destination. Fig. 2. Showed that
all the R relays has Loss of signal propagation regarding
forwarding capacity within one way communication.
Since, the channel impairments are depend on distance.
All terminal node is termed with antenna focused to the R
relays, in order to carry out exchange of data among
transmitter and receiver, best relay is selected out of the R
relays using the proposed relay selection algorithm. The
following technical highlights are being incorporated;

Y  The path is selected based on an end to end SNR.

Y  The only single path is selected at one time for
transmission of data.

»  The SNR of the path chosen is continuously sensed
and if it falls below the threshold, another path is
immediately switched over.

y  This topology can also be used in case source and
destination are in non line of sight (NLOS), but
transmission from one node to another node must
be in LOS.

In serial relaying (Fig 2), the source sends an intensity
modulated signal to a relay node, which further forwards
to another relay. After multiplication through an efficient
energy scaling term, just send it to the next relay. This
remains till the source’s information reaches at the
destination node.

A. Switch and Stay algorithm for Relay Selection

This algorithm is suitable for more than two relays and
these relays are sorted by the distance estimation criteria.
Let us consider the number of relays which is greater than
two (i.e N > 2). After setting the number of relays, the
main components are sorted with some distance

Copyright © 2020 MECS

d, = max(dy, ,dg, ) Where n=12,..N  (7)

The source distance measure is denoted as dy, and the
destination distance is denoted as dy, Next to the sorting

process, the minimum distance is estimated with
Manhattan distance and which is given in the above
equation (7). From this distance estimation criteria relay
with maximum distance is selected for next processing.
The major objective of this algorithm is to select a unique
relay among a number of relays then only communication
is possible between two nodes. In this method one
switching threshold (zg,) is considered for the active

transmission and in addition to this, each time destination
compares the equivalent end to end SNR (z,) . Relay

selection is given as in the below equation (8).

Ry, for zoq 2 74,

If R =R, then R® :{ )

Ry, for 7,4 <7,

Where, Rje_'l denotes the selected relay at n—1" slot of

transmission, R,fe' represents the selected relay at n" slot
of transmission. R; and R, denotes the relay. If equation

(8) is possible for nth relay and if it is not suitable then we
have to consider the condition in equation (9).

R,, forr,, >7
If Ri%i =Ry, then RY" :{RZ e
L Teq < Tsw

Based on the above mentioned conditions, relay is
selected which is given in equation (9) and it should be
presented at the nth time slot. For the active relay
selection one condition is estimated and according to this
condition, best relay should have the value (i.e, SNR
should be greater than the switching threshold). This
switch and stay protocol is more simple based on the fact
that only the Channel State Information (CSI) of the active
end-to-end path is required, resulting in lower complexity
in implementation.

Next to relay selection central controller is used for
further processing. Thus single relay is selected among
multiple relays in the given time slot. Based upon the
optimum relay selection, diversity gain is maximized and
outage probability is reduced.

B. Distributed Greedy for information gathering

Greedy algorithm is mainly used for gathering the
maximum information about the channel and the base
station of each transmission uses central state information.
Here, the problem of power allocation is solved in a
distributed manner and some of local variables are
introduced for the power allocation in FSO
communication. Here the power range of p;; and p;;

are introduced for the efficient signal propagation. In
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addition to the local variables, here we introduce some
auxiliary variables for localizing the capacity of relay’s
power allocation. Thus the power allocation problems are
given as in the following expression (10).

P=max ) sif+> (10)

ieS; ieS,
N

P=>p;<P (11)
j=1

Where, s;! is a logarithmic function, t; denotes the

auxiliary variables. From the above equation (11), the
value of power in the distributed network should be within
minimum power. In case of variable power, it should have
the limit within the maximum power for the entire
transmission.

2
|Si,ri| Pii

Psyrzgmin log, {1+ ————=1>1t,VieS,+ (12)

o

in which §; . denotes the channel state of the direct link

between source and destination, B, ; is the transmit power,

and o is the noise power. When one relay is used, which

can be expressed as

ri

2
‘Si,i‘ Pi,i . S
2

2
Pi
(e 0'2

>t ,Vies,

P ¢ :%min log,| 1+
(13)

Where B; and P" denoted the source and relay’s
transmit power, and s;; and s, ; are the channel positions

of the sender relay link and the relay-target link,
respectively.
i

t=t,t

T,

P.i=R,p,;=0Vies, (15)

The equation (14) represents that BS transmits directly
to its destination BS without using any relay. P, ; is the

power allocation process which is functioned by the relay.
Then §; and S, are set which accomplishes the

transmission with or without relay. Then, the modified
power allocation algorithm is used for the power
distribution  throughout the entire communication.
Karush—Kuhn-Tucker (KKT) conditions are considered as
the decomposition solutions for the local variables. So the
set with relay source have local maximization problem
which is expressed in equation (16).
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max K; =W:ﬂid +ﬂ‘1,i(ﬁ_zpi,j)+/u;iti +,U;,iPi’Vi el,
i
(16)

Where, g4 and 4 are the two KKT transforms and the
power allocation vector is given as p;, the value of
allocation vector is the transpose of an allocation matrix.
B =[ Piz Pigs-- pi'n]T. Thus the maximization problem

is achieved through equation (16) and in case of relay
source set relay selection is the complex problem and thus
power allocation is determined at the base station.

For the relay source, the maximization problem is given

by the below equation (17)
l;i’; PLj]*bi[sbgz{l*tf”Jt:J

* * T x T o«
— M xt _ﬂz‘ﬁ‘l XPi+ i X = ppi X p;

n |
max Kpj =1 +Z/’i[PiZ Piji
ia i

]

+ %Zl,i
=i

17

Where A, Ay t4is ko, 44, are the KKT multipliers

and the optimum solution for power minimization is given
asin (18).

min g (e, 1) = D (Ky +Ky) (18)

The best significance of maximization aimed at sets of
4 and g, which describes the optimal operation

(w4, 1,) and g is the Rytov variance, then the

complexity is solved through the subsequent iterative
process:

i (E+D) = 25 (O = B O -1 (1)) (19)

i (D) = ;O -BPLO-p®)  (20)

As a final point, greedy algorithm is used for allocating
power. After initializing the parameter values, all base
stations resolves the problem of local maximization, then
directs its response towards the associated BSs. All base
stations enhance the event prices [ iteratively, and then
direct another value to the BS. The iteration is continued
until it reaches the termination condition.

C. Atmospheric turbulence mitigation techniques:

Optical scintillations [30] could be minimized through
improving the collection area of the receiver side and it
produces an integration of numerous strength of incident
light on certain section of the receiver area. This strategy
is represented as aperture averaging. Using this result into
the scintillation index aimed at the spherical wave is with
reference to the Rytov variance.
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(21)

Where g is Rytov variance for the signal is, D is the

wave number and Cn? is the refractive-index structure
parameter. Near-ground horizontal-path propagation is
assigned to the homogeneous turbulent field, then it has
the constant refractive-index structure parameter. During
weak fluctuations, the intensity is log normally dispersed.
The lognormal distribution is often proposed while it uses
an aperture averaging. The PDF of a lognormal variable p
with small variance is characterised as in the following
equation.

2
In(p; /(p;))+ o5 12
f(p)=—m exp[ }

2
1270, 20,

(22)

Power loss is minimized for the scintillation and also it
is the redistribution of intensity. Here broadening of the
beam due to the turbulence is not considered. In addition
to this we have modelled one filter namely modified
Kalman filter.

Modified Kalman Filter for reducing scintillation noise.

A Modified Kalman filter is used for minimizing the
scintillation noise due to the atmospheric turbulence and it
is more compatible with the noise reduction. A State
equation for the Kalman filter is given as in equation (23).

Vo =AVp g+ (23)

From the above expression, we can deliberate the linear

state vector which is given as v,,, A is a state transfer

matrix and r, denotes the white Gaussian noise with the

zero mean random process.

Here intervals among two symbols are used for
sampling the signals and it is represented as At. Then the
expression of linear vector state is given as in (24).

T

2 Oty . 00
n

AtEOn AL (24)
a oot

n =| Hn

Here variance and mean of the sampled signal are
denoted as o,, and y, . Then the equation for the filtering

measurement is given as in (25).
Yo = IVn + 4y (25)
According to the filtering measurements, g, is the

noise power vector and | is the identity matrix, then the
filtering measurement is also estimated with the estimated
mean and standard deviation which are denoted by 4,5, .
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Where £ is the mean of the sampled signal and 6n2 is

the variance of the sampled signal. An identity matrix of
size 4>4 is generated for error removal and then gain of
the filter is estimated in order to generate a priori. In this
measurement process Lk is an AWGN vector, and next to
this gain related to the Kalman filter is given below:

KA, =R IT(IR1T +N)™ (27)

The sequential Kalman filter accurately stabilises the
changing circumstance since the Kalman gain does not

need a steady constant. Kalman gain, P~ is the power of
the state error and it is achieved through solving the
Riccati matrix equation, N, is the filtered state-error

correlation matrix. In this above equation error covariance
matrix is given as in egn. (28)

Py = AP A +q, (28)

As per the eqgn. (26) error covariance is the function of
process random vector and measurement noise vector.
Then the estimated state equation is the function of gain in
Kalman filter. Where the measurement noise variance N,

and process noise variance ¢, . Small but non-zero

variances has maximum flexibility in ‘tuning’ the filter, as
in [34].

yn =VYn + I\In (Vn - Iyr:) (29)

Then the priori estimation of the signal variance can be
modelled with the exponential function (30).

62 =exp(462)-1 (30)
The estimated variance of signal 6—5 is possible to
calculate with (31), the variance of log-amplitude

fluctuation is & , thus an optimal decision threshold

fluctuates through the change of &5 , and then adaptive

decision threshold is required for FSO links via
atmospheric turbulence and then variance estimation of
fluctuation in log-amplitude is written as in (31).

Where 67 =0.25In(67 +1) (31)

It is possible to obtain the estimate of variance in
optimum and threshold with optimum solution is set in
FSO communication which efficiently reduces the
atmospheric turbulence.
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A2
aul (32)
&1

SNR =

The SNR for computing Kalman filter’s adaptive
decision threshold is given in equation (32). SNR is the
ratio of total estimated signal power to the estimated noise
variance and this is obtained by computing the noise
presented at the propagation. Then the variance of total
noise is the sum of all the noises presented at the path.
Finally SNR ratio should be minimized to show the
elimination of atmospheric turbulence in FSO.

The degradation in the quality of the received signal is
caused by the atmospheric channel that deteriorate the
BER performance of the FSO system. Numerous types of
mitigation techniques are employed to improve the
reliability of the FSO system for all weather conditions
[13]. The choice of modulation schemes depends on two
main criteria: optical power efficiency and bandwidth
efficiency in FSO communication. By computing optical
power gain over OOK provided both the modulation
schemes have a same Euclidean distance dy, the optical
power efficiency can be measured. Power efficient
modulation schemes are simpler to implement and are
quite effective in mitigating the effect of the turbulence
for low data rates. Maximum data for a given link length
with a particular modulation scheme is determined by
means of bandwidth efficiency. In general, the FSO
communication supports a variety of binary and multilevel
modulation formats. Among these two formats binary
level format is most commonly utilized due to its
simplicity and high power efficiency. The OOK
modulation scheme requires an adaptive threshold in
turbulent atmospheric conditions for best outcomes [36].
Algorithm for CROF methodology is given in table 2.

Table 2. Algorithm for CROF methodology

Initialize source, relay and destination set

Estimate distance between source and destination

Select relay according to switching threshold

Set maximization problem Karush—Kuhn—-Tucker (KKT)

Set t = 0, reset ﬂl,i,j(o) , ﬂz,i,j(O) vLi, j(0),y2,i, j(0) to

some value

while end condition not encountered

End if

8  Every BS resolves maximization problem locally then
transmits result to associated BSs

9  Update t«t+1

10 Estimate state equation in Kalman filtering

11  Estimate filtering measurement

12 Calculate SNR for reporting noise percentage

13 End

g hrWN

~ o

V. EXPERIMENTAL RESULTS AND DISCUSSIONS

In this section, minimum atmospheric turbulence is
achieved with minimum scintillation noise. If we
minimize the scintillation noise then we can reduce the
effect of turbulence. Because atmospheric turbulence
induced scintillation noise presented at the signal.
Scattering is also one of the FSO challenge and in this
work we have concentrated on scattering minimization
through minimum BER. Here power loss is also taken into
account with suitable relay selection algorithm. In our
work, we consider the effect of relay selection algorithm,
turbulence minimization, attenuation minimization. Here
the relay selection is based on the combination of the
AF/FSO system with optimal relaying. We explain the
mathematical outcomes for outage evaluation, which is
attained over the resulting terms and MATLAB
simulations. For that, set the FSO system with signal
wavelength as 1.55 pm and attenuation coefficient as 0.43
dB/Km. The total transmission length required for the
transmission is 0.5 Km and maximum transmitter power
of the nodes is 0.5W. Audio signal’s bandwidth is 10MHz
and data rate is 3 Gbps in which FSO system has the space
loss of 1.09x<10%, Atmospheric turbulence margin is set
as -11.30dB and the gain of transmitter antenna is
3.73x10°. Here transmitter optical loss is 0.1 factors, clear
air transmission loss is -2.08 and link margin is -6dB. For
serial relaying, we assign the successive nodes are
identical distance beside the path from the source to the
destination. The total number of relay for the transmission
isN=1,2,3...n.

This experiment is expected to reduce the
environmental challenges with the proposed algorithm.
Table 3 given the Parameters and condition for the
experiment.

Table 3. Parameters and condition for the experiment

For an optimum function in atmospheric conditions, it
needs a numerous FSO system with high efficiency. In
addition to that it should overcome an attenuation
fluctuation problem and for that it needs a large power
link margin. Thus an essential power link margin could in
various cases be certified through short link distances. The
fade affected through scintillations looks only if the link
distance is moderately enormous, and these schemes are
not affected by turbulence.
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Parameters value
Signal wavelength 1.55 pm
attenuation coefficient 0.43 dB/Km
Total transmission length 0.5 Km
maximum transmitter power of the nodes 0.5W
Audio signal’s bandwidth 10MHz
data rate 3 Gbps
space loss 1.09x102%
Atmospheric turbulence margin -11.30dB
gain of transmitter antenna 3.73%10°
transmitter optical loss 0.1
clear air transmission loss -2.08
link margin -6
Environment conditions Fg%a?i\zl;{ﬁ;}”

A. Quality measures

Some of the quality measures are evaluated to show the
performance of the proposed free space optical
communication.

1. Signal to noise ratio (SNR)

Signal to Noise Ratio is the ratio of total signal power
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to the total noise power and this total noise power is
obtained by computing the noise presented at the
propagation. Then the variance of total noise is the sum of
all the noises presented at the path as (32).

2. Bit Error Ratio (BER)

Bit Error Ratio is the incorrect signal bit which is
incorrect during the transmission and in order to generate
the error ratio of this signal bit is divided by the total
number of bits in the signal. The expression of BER for
Intensity Modulation Direct Detection (IM/DD) can be
expressed as

BER = O.5erfc{ (33)

M}
22

3. Throughput

It measures the rate of signal that entirely transmitted
over the communication path. It is also defined as the
signals send to the time taken for transmitting the
corresponding signals from the receiver.

signal sending rate 34)

Throughput = — - -
time taken to transmitthe signal

4. Root Mean Square Error (RMSE)

Root Mean Square Error is the prediction error and it is
calculated from the standard deviation of the signal.

RMSE = ,/1—czan (35)

Where, o, is the standard deviation of the received signal
and “C’ is the correlation coefficient.

5. Optical power loss

Optical power is measured from the source and
destination power level and it is the difference between
source powers to the destination power. It is measured in
terms of dBm.

optical power loss = source power —destination power

(36)

22+
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Power Loss

Fig.3. Optical power loss comparison
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Optical power loss (figure 3) is measured in between
source and destination. It is dependent upon the source
and the destination power. For a better system, optical
power loss should be low and in our case proposed power
loss of 10.29dB and existing work has some more power
loss of 22.014dB. Thus, our proposed work is better in
case of power consumption.

B. Evaluation of quality factors under different
environmental conditions

Here, we evaluated the system in the atmospheric
conditions like haze, rainy, fog and clear weather
condition [14] and the data set is taken from
https://www.kaggle.com/mahirkukreja/delhi-weather-
datat#testset.csv.

1. Signal evaluation under Haze

Throughout hazy days, the attentiveness of particulate
matter impurities is lesser than 10 microns. Source
apportionment through substance mass stability receptor
modeling mentions that air pollutants could pass a long
distance and expressively change the air of the downwind
area. Therefore, every day through PM10 beyond 100
Lo/m3 are recognized as hazy days. Visibility was
condensed through an average of 7.0 km throughout haze
days through the lowest visibility verified (0.5 km) on the
same day by means of the maximum PM10 attentiveness;
Such data are statistically evaluated for determining the
real scattering effectiveness of the maximum secondary
aerosol species. The separate scattering competences are
then castoff for estimating the contributions of main
source of volatile gases for reducing visibility [31].

Due to the forest burning haze weather condition, the
recorded visibility range of the FSO system is 200m [17].
Compared to other environmental conditions haze stay
longer time in the air. Thus, throughout the designing
process, attenuation of haze must be taken into account for
the link design. So, in hazy days all the atmospheric
attenuations are wavelength (upto 500m there is no effects)
[32] dependent. This attenuation may introduce some
losses in the system and for our proposed work, the
attenuation should be low. Here the proposed work
(CROF) is compared with the Unified empirical Model for
Fog Attenuation Prediction (UMFAP) [25] and FSO on
WDM [27].

Figure 4 evaluates the performance measures under
haze condition. Except to the throughput (d) other three
evaluations like BER (a), RMSE (b) and SNR (c) achieves
minimum values than the existing work which shows
better performance of the proposed work. Throughput has
maximum performance under different atmospheric
attenuation. Fig. 4(a) shows the ergodic link for several
haze conditions. Again, the performance of FSO system
under RMSE (fig. 4(b)) is better regardless the wavelength
and the transmitted power. The same performance can be
noticed for SNR (figure 4 (c)). However, for longer link
lengths, the capacity enhances quite well. For example, for
L 0.2,0.3, 0.4 and 0.5km, SNR is elaborately reduced. For
throughput under haze condition (fig. 4 (d)) is much better
than other environmental conditions. If we fix the
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transmitted power to 22 dBm and attenuation of 10, then
we can achieve 13 MBps (CROF) and which is high while
comparing to the existing two works. The SNR and data
rate is evaluated in terms of link range and it is calculated
for 0.5 km range. In addition to this throughput is also
measured in terms of atmospheric attenuation coefficient

(dB/Km).
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Fig.4. Different factors under Haze condition

2. Signal evaluation under Fog

37

In case of fog condition, the visibility comes down and
humidity of the system has the range of hundred
percentage saturation level. Therefore, contribution of
absorption and the whole attenuation coefficient is small
while associating to the effect of scattering.

Fog Condition
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Fig.5. Different factors under Fog condition

So, in optical communication scattering effect will
predict the attenuation which is done with minimum BER.
Figure 5 (a) and 5 (c) represented the BER and SNR,
which is optimizely reduced for the different link range.
RMSE (b) also reduced for the number of wavelength
under fog condition. Fig. 5(a) shows the ergodic link for
several foggy conditions. Again, the performance of FSO
system under RMSE (fig. 5(b)) is good regardless the
wavelength and the transmitted power. For example, for

the attenuation of 2, 4, 6, 8 and10, throughput achieves 25%

better performance than the existing works. For
throughput under fog condition (fig. 5 (d)) is much better.
If we fix the attenuation coefficient to 10 and, then we can
achieve 12 Mbps (CROF) which is high while compared
to the existing two works.

3. Signal evaluation under rainy

Under the condition of monsoon, the parameter of
weather variations from 1 ms—1 to 7.2 ms—1 through the
standard of 1.59 ms—1 for wind speed, 27-39 <C through
3.75 <C for temperature, 25-84 % with the std of 15.89 %
for qualified humidity and 2-10 km with the std of 2.19
km for visibility. An alternative situation of the
atmosphere detected on 6 June 2013 (Thursday) which is
scattered cloudy, partial cloudy and mostly cloudy, light
drizzle, and light rainy and hazy. The experimental time
series plot of attenuation predicted from local
meteorological and visibility data collected on 6 June
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2013 and measured values. The max-min values of
measured attenuation are ~6.45 dB/km and 1.74 dB/km
with the std of 1.29 dB/km. A short interval of high
attenuation ~6.45 dB/km is seen in the time span of 3.00-
400 p.m due to the normal wind speed and high
temperature and low relative humidity. The low and high
attenuation of ~1.68 dB/km and ~8.40 dB/km with the std
of =1.19 dB/km when the visibility is high [33].
Attenuation is also happening when the optical signal is
transmitted through the rainy season [27]. The major
factor of attenuation in optical link is rain droplets and it
may enforce attenuations for certain links.

Rainy Condition
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Fig.6. Different factors under Rainy condition

In figure 6 (a), (b), (c) and (d) has the enhanced
performance under rainy condition. In some cases,
refraction and reflection may induce due to the size of rain
droplets. If it is large means it produces some irregularities
in the FSO link by scattering. So our proposed work
attains maximum results while compared to the existing
work. Fig. 6(a) shows the ergodic link for several rainy
conditions. Again, the performance of FSO system under
RMSE (fig. 6(b)) is good regardless the wavelength and
the transmitted power. For example, for the attenuation of
2, 4, 6, 8 andl0, throughput achieves 30% better
performance than the existing works. For throughput
under rain condition (fig. 6 (d)) is much better. If we fix
the attenuation coefficient of 10 and, then we can achieve
10.82 MBps (CROF) and which is high while compared to
the existing two works.

4. Signal evaluation under clear weather condition

In clear weather condition, visibility range is 5 km and
the wavelength for the signal propagation is 650nm. In
this clear weather condition turbulence effect is introduced
and this will produce changes in the atmospheric
refractive index. Since scintillation and random phase
change is introduced at the receiver. In addition to the
scintillation, some pointing error is occurring at the
transmission link.
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From figure 7 (a), (b), (c) and (d), the result obtain for
the proposed work is better in case of BER, SNR, RMSE
and throughput. In case of throughput, in reference to the
atmospheric  attenuation  coefficient, throughput is
increased over the clear weather condition. Amongst
entire occurrences, fog gives the maximum consequences
thus it is established of little water droplets have the
measurements closer to the span of infrared wavelengths.
Fig. 7(a) shows the ergodic link for several atmospheric
conditions. Again, the performance of FSO system under
RMSE (fig. 7(b)) is good regardless the wavelength and
the transmitted power. For throughput under clear weather
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condition (fig. 7 (d)) is much better. If we fix the
attenuation coefficient of 10 and, then we can achieve 13
MBps (CROF) and which is high while compared to the
existing two works.

4
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Fig.8. Scintillation vs BER measurement
The figure 8, represented that CROF technique

functions better than the FSO on WDM Detection

techniques for minimum ranges of Cn? i.c. 7e—14 and
7e—15. In case of UMFAP, modest value of Cn? i.e. 7e—13,
the CROF till represented suitable outcomes through
minimizing the BER from 3.33e—1 to 1.55 e—5. In case for

maximum value of Cn? ie. 7e-12, even the FSO on
WDM methods cannot help more because the BER varies
minimally from 4.45¢—1 to 1.42e—1. In which atmospheric

structure constant Cn? is a quality of the strength of the
scintillation, k =27/A, and L is the link length. The
atmospheric structure constant characteristically proceeds
values from 10—12 and higher. Depends on the climatic
conditions the parameters will vary. As the summary, the
results of the proposed work is achieved the above
mentioned objectives (i.e) we can achieved an efficient
FSO system with minimum atmospheric turbulence and
this minimum atmospheric turbulence is achieved with
minimum scintillation. From the figure 8, we can show the
BER vs Scintillation performance is better than other
techniques since it yields minimum value than other
techniques. Also in optical communication scattering
effect is predict the attenuation which is done with
minimum BER. In figure 4 to 7, all the BER performance
under different environment condition represented that we
achieved minimum BER value as the result the scattering
effects also reduced. In addition to that, an efficient relay
selection should reduce the power loss. Figure 3, shows
the minimum power loss than other techniques since our
proposed relay section scheme is an efficient one.

VI. CONCLUSION

In this paper, we have considered the FSO throughput
and high data rate under the constriction of limited BER
and SNR. This section deliberates specified hypothetical
evaluation of common factors for originating optical
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communication that has to function under numerous
atmospheric conditions, such as haze, rainy, foggy and
clear weather conditions. In this paper, we considered the
challenging problem of relay selection and proper
atmospheric turbulence management. We developed
effective method for minimizing scattering losses and this
minimized the atmospheric turbulence. Also we
maximized the total throughput of the cooperative FSO
network and one of the major advantage is the scintillation
noise removal. So compared to other techniques we have
using modified Kalman filter based scintillation noise
removal techniques since we achieved minimum Bit Error
Rate (BER) than UMFAP and FSO on WDM.

Here we use a limited amount of transceivers with
limited power source for the free space transmission. Our
model shows that the proposed centralized algorithm
attained the highest ability for the reliable FSO
transmission. The centralized relay selection algorithm
needs a central controller for getting more amounts of data
at the receiver. The proposed distributed algorithm can be
implemented towards accomplishing a greater enactment
over the existing scheme in case of minimum error ratio.
For that modelled, the numerical models for numerous
link ranges under several environments are specified to
demonstrate the developments in environmental factors
influence performance and to validate system model
optimization. Final performances are evaluated in terms of
power loss, signal to noise ratio, throughput, bit error rate
and root mean square error. These factors are evaluated
under various environmental conditions to show the
CROF efficiency.

Future work:

Advantages of FSO communication with its application
have some challenges emerging because of the medium
weakening. FSO system signifies few issues termed as
decreasing in medium which may affect the execution of
communication as power loss. Many researches are going
in order to overcome an impact in the system
configuration. Numerous models depend on these
practices which will utilize to consider the execution of
system before presenting it at the area. This will prompt
the system improvement.
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