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Abstract —Free space optics uplink to Low Earth Orbit (LEO)
satellite with 500Km distance and 1.55pm wavelength is
evaluated with 10Gbps data rate and 70W transmitted power.
The equivalent effects for all weather parameters are given by
the measured visibility used to determine the weather
attenuations by using Mie-Scattering, in this proposed. These
high attenuations reduce the availability performance of the
FSO uplink. The scintillation (C2) had estimated using a
compatible model of Cairo weather, and the turbulence effect
(beam divergence) becomes very weak by using the aperture
diameter of the receiver higher than the maximum optical spot
size due to turbulence and divergence. During the year 2019, the
visibility must be greater than 5Km, and weak scintillation
turbulence is C2 < 0.00566 * 10~16 m~2/3at distance 500Km.
The availability evaluations based on predicted attenuation due
to weather and turbulence using data measured in Cairo and the
effects of all parameters on the performance of FSO are
discussed. The required transmitted power must be related to the
expected visibility. In year 2019, the availability of link
becomes 99.9945%.

Index Terms—FSO, link availability, signal to noise ratio,
egypt meteorology, scintillation, power received

I.  INTRODUCTION

FSO is a line of sight (LOS) technology that depends
on a narrow laser beam that transmitted information from
transmitter to receiver through the atmosphere for
wideband communication [1]. The precept of an FSO
system operation is based on a tight optical beam that
sends the modulated signal from one place to another
place through the air instead of fiber optical system had
used fiber cables [2]. Free space optics technology had
many advantages like large data rate with high
transmission security, unlicensed bandwidth spectrum,
low power consumption, low bit error rates, easy
deployment by saving cost [3]. The main drawback of the
FSO link is channel attenuations due to various weather
conditions like rain, fog, haze, snow, cloud, and even

turbulence, owing to changes in temperature and pressure.
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In this paper, the performance of FSO uplink to Low
Earth Orbit (LEO) satellite had evaluated under tropical
atmospheric conditions in Cairo for the year 2019 using
A=1550nm wavelength optical that had achieved the
better availability. The block diagram of FSO uplink to
satellite is shown in Fig. 1. This research focused on
weather conditions and atmospheric turbulence for the
performance of FSO uplink from earth to satellite,
especially in tropical regions. The availability of link
depends on the power received and Signal to Noise Ratio
(SNR) which achieved if the value of SNR higher than
the required value (SNR >15.56dB), or the value of Bit
Error Rate (BER) is smaller than 10° and the power
received is greater than the min value of received power.
The availability of FSO link is analyzed, where it is the
ratio of transmission time successfully to the transmission
time failure at BER<107. Initiative class availability is
99.99% [4], which has outage probability about 0.01%.
The class availability is higher than 99.999% in
Telecommunications, while the enterprise availability
ranges between 99.9% and 99.99% [5]. The availability
of the link is given by:

Av % = successful traném.issio'n time (1)
total transmission time

For year 2019, the availability of link becomes
99.9945%.

The paper is organized as follows. Sections Il presents
the related works. Section Il and IV discussed the
weather attenuation and atmospheric turbulence which
degraded the performance of FSO link. In Section V
studied FSO link performance. The results and
discussions will be presented in Section VI. The
conclusion is followed by Section VII.

Il. RELATED WORKS

Most previous works studied the link budget analysis
of horizontal FSO link under various weather conditions
such as; fog and rain or haze conditions [6]. Kaushal et.al
studied the scintillation and beam wander effects for FSO
uplink. The results showed that, the optimum beam size
depends on the fried parameter and the turbulence outer
scale and it increases with by increasing the zenith angle

[7].
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Fig. 1. Block diagram of FSO uplink.

Viswanath et.al estimated the minimum received
power required for achieving the minimum BER using
three modulations and spatial diversity technique scheme
under different channel conditions for two links uplink
and downlink [8].

K. Prabu evaluated the Performance of FSO links
under strong atmospheric turbulence using different
modulation schemes such as BPSK-SIM, DPSK, DPSK-
SIM, PoISK and M-PPM. The results showed that, the
modulation submits the finest outage probability
performance and large channel capacity which achieved
by formats of the DPSK scheme [9]. Mohamed H.
Ibrahim studied and compared the performance of PPM,
OOK, DPIM, and DH-PIM modulation schemes in FSO
channels under various weather conditions. The results
presented that PPM and OOK-NRZ schemes which
achieved better BER performance according to the other
modulations under different weather conditions [10].
Shumani estimated the availability of horizontal link of
FSO using visibility data measured in orbital region over
5 km link distance in Malaysia over three years. After
analysis, the link availability is 99.99% and Signal to
Noise Ratio (SNR) about 37.44 dB over 1 km link
distance of FSO [11].

Il.  WEATHER ATTENUATION

In the atmosphere, the free space optical link's quality
is greatly affected by the weather conditions, such as
variation of atmospheric attenuation caused by some
phenomena in the atmosphere, such as scattering,
absorption, and turbulence [12]. Scattering, which is
produced by fog, rain, haze, or low clouds, leads to
attenuating the information signal before receiving it at
the receiver and limiting the availability of the FSO
system [13], [14].

A. Scattering Attenuation

One of the major effects of the weather condition is
caused by fog as it leads to absorption and scattering. The
atmospheric visibility had measured to predict the
atmospheric environmental conditions. The visibility
known as the maximum distance propagated using 550nm
optical wavelength where, its disparity drops to fraction

©2021 Journal of Communications

roughly 2% or 5% of original signal power. Atmospheric
attenuation owing to fog can be predicted by applying
Mie scattering theorem that determines the scattering
attenuation coefficient [15], [16] which based on
meteorological data using the empirical models as [17],
[18]:

3.912 [550
b= v [
Both Kruse and Kim model could be used to predict
the attenuation using visibility in dB/km [17] is given by
the equation [18]:

nm s
= (km) @)

- 9 5
Coor = Tt + (52) (dB/KmM) @)
where, V% is the percentage transmission of air drops for
clear sky and -10log V% equals to 17/V and 13/V for 2%
and 5% visibility distance respectively [19], V is the
visibility in Km, A stands for operating wavelength in
(nm), and 6 stands for the size distribution coefficient of
scattering which depends on visibility ranges is given by:
e For Kruse model [20]

1.6 for V > 50Km
6=413 for 6 <V <50Km (4)

0585V 1/ for V < 6Km

e For Kim model [21]

[ 16 for V> 50Km
1.3 for 6Km <V > 50Km
H=<016V +0.34 for 1IKm <V > 6Km  (5)
V+0.5 for 0.5Km <V > 1Km
0 for V < 0.5Km

Also, Al Naboulsi model had used to expect specific
attenuation by using wavelength. It had produced
relations to predict the attenuation of convection fog and
advection fog separately. The advection fog produced by
moving warm and wet air masses forms which are
considered by the liquid water content above 0.20 g/m®
and a particle diameter around to 20 um [22]. The
attenuation coefficient for the advection fog attenuation is
given by:

0.11478 A+3.8367

Padv W = V(Km) (6)

Radiation fog occurs at night of the day when the air is
iced by radiation and becoming saturated. The liquid
water ranges from 0.01 to 0.1 g/m3, and the particle
diameter is about 4um. The attenuation coefficient for the
radiation fog attenuation is given by:

Prad (/1) = (7)

The specific attenuation for both advection and
radiation fog in (dB/km) [23] is given by:

U5t = 434 {p(D} = —{p(W}(dB/Km)  (8)

0.18126 A2+0.13709 14+3.7205
V (Km)

10
In10
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B. Cloud Attenuation

Cloud attenuation had categorized based on cloud
number concentration (N.) [24], height, liquid water
contents (LWC), and water droplet size. The data for
LWC calculated from the vertical atmospheric profile
into satellite, which had estimated the visibility range
through clouds by dividing the vertical atmosphere into
cloud layers [19]. Each layer has a value of the LWC, and
cloud number concentration summaries with height used
to get the visibility estimate. The corresponding visibility
is expressed as [25]:

V = 1.002/(LWC x N)0-6473 9)

Then, the cloud attenuations are like fog attenuations
measurement using the visibility range estimate, Lgouqg IS
expressed as:

Leloud = 4.34 * Qger x d (10)

The coefficients of attenuation and visibility for the
different types of cloud are taken from [26].

C. Rain Attenuation

The Rain attenuation had produced by non-selective
scattering since the raindrop radius (200-2000um) is
greater than the wavelength of the light source of FSO
system [6]. The attenuation of rain is one of the weather
attenuation effects on the reliability of FSO system. The
attenuation of rain which measured in (dB/Km) is given
by [27].

Arain = k Riyin(AB/Km)  (11)

where, Ry, stands to the rain intensity in (mm/hr), K and
a are rain coefficients [28] which depend on carrier
wavelength of the FSO system. The values of these
coefficients K and a can be obtained from model in [29]
which developed for FSO in tropical climate. Then the
values of k and a are obtained as 1.076 and 0.67
respectively for Carbonneau model.

D. Snow Attenuation

Snow attenuation is one of the weather attenuations
which less than fog attenuation but more than rain
attenuation. During heavy snow, the laser beam path had
blocked because of increasing the density of snowflakes
in the propagation path or owing to the configuration of
ice on window pane [30]. This attenuation had reduced
the link availability of the FSO system. The snow
attenuation has been organized into dry and wet snow
attenuation. The specific attenuation for snow in (dB/Km)
is given by:

Asnow = A sb (12)

where, S stands to the snow rate in (mm/hr) and the

values of parameters a and b in dry and wet snow is given:

For dry snow:

a = 542 % 1075 + 5.49, b= 1.38
e [or wet snow:
a=1.02 * 107* + 3.78, b= 0.72
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IV. TURBULENCE AND BEAM WANDER EFFECTS

A. Atmospheric Turbulence (Scintillation)

Atmospheric turbulences are generated because of
changes in temperature and pressure for airflow. It had
considered one of the most important challenges in the
FSO systems. The propagated optical signal through
space was affected by the atmospheric turbulence caused
by the changing of the air temperature or the pressure and
Relative Humidity (RH) [31]. These changes produced
variations in the refractive index of the medium [32], [33]
which changes randomly with space and time. The
refraction index fluctuation produced a deflection of the
optical beam and then variations of power received at the
receiver end. Atmospheric turbulence due to fluctuation
in air mass is modeled by gamma-gamma distributed
channel and expressed as [34], [35];

a+p
2ap) 2, (S22
b 2 p (5 ) Koy (24/aBh) (13)
where, a and f are the values of spherical wave [36],
the distribution shaping parameter K. () represents the

modified second order Bessel function, I'() denotes the
gamma function. a and  can be defined as,

_ 0.490> . -
TP |+ 0560275y 776 | T

~ 0.51 g5 A
F= 1" a5 069 0, 275y575 | ~

where, 0% = 1.23 C? K7/¢ [11/6 represents the Rytov
variance of spherical wave [37], C2 is the refractive index
of turbulence, K = 2m/4 is the optical wave number [34],
and A is the operating wavelength. L is the link length.

Fy(h) = h(

B. Beam Wander or Spreading

Turbulence Effects on the spot sizes called spreading.
When the in homogeneities are less than the size of beam
diameter, they tend to broaden the beam, but do not
deflect it [5]. This is called beam spreading which shown
in Fig. 2. It defocuses the beam reducing its intensity.

The beam will experience a degradation in quality so
that the average beam waist in time will be Weg >Wiee.
The beam spreading can be described using the effective
beam waist average as [38]:

5 /64172
Wegr = Wree {1+ 13302 (=) ! |
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Fig. 2. Beam divergence losses.
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where W, is the waist beam (diameter of receiver D) at
propagation distance L in (Km) which expressed as [39]:

Wiee =W, + 045y L (15)

where W, stands to initial beam waist that transmitter
aperture diameter D, in (cm), the divergence angle is
Ogiv= M 10J1 Dy in (mrad), A wavelength in (um). The
geometric loss (beam divergence loss) in dB will be [19]:

Qgeo(dB) = 20 log (W”"")

Wiee

(16)

Ogeo IS ignored with Dye, > Deg

Also, the beam wander had decreased by using the
receiver aperture diameter (D, more than the effective
beam waist (received effective diameter Dgg). In
proposed system diameter of transmitter D; = 10 cm, from
equation diameter of receiver Dy, = 256.69 cm = 2.5669
m, calculating D from its equation as:
Dess = 267.5cm = 2.675m, the ratio of

Doy 267.5
D, ~ 256.69

= 1.04

The receiver aperture diameter becomes:
D, = 1.04 D ¢ = 278.765cm = 2.78765m

The telescope aperture diameter is available at 10m,
this research take D, =3 m, so, the geometric losses are
ignored.

V. FSO LINK PERFORMANCE EVALUATION

A. Power Received

In terms of power received, the receiver sensitivity
determined the amount of optical power received which
is required to evaluate the required SNR is greater than
15.56 dB and Bit Error Rate less than 10 for a given
estimated FSO communication performance. The
expression of signal power received at the
communications detector for FSO communication link
P is expressed as [40], [41]:

— -1 -0.1a, L
Prec - 1:)T GT Grechree space TTTrecaGeolo atm (17)

where, P; stands for optical transmitted power (W),
Gy = (mD./A)? [42], [43] stands the transmitter gain,
Grec = (mD,oc/A)?stands the receiver gain and D, and
D.. are the diameter of transmitter and receiver
respectively in (cm), A is the wavelength in (um), Tt and
Trec are the transmitter and receiver optical efficiencies,
oym IS the value of the atmospheric transmission
attenuations in (dB/Km), L is the length between the
ground station and LEO satellite in (Km).L free space IS the
free space loss which is the major factor degraded the
optical signal received [44]. The signal transmitted from
the ground station to LEO satellite through free space is
reduced. The free space loss is expressed as:

Lfree space — (/1/47TL)2 (18)
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The value of power received P, should be more than
the sensitivity of the optical detector (Pmin = -43dBm)
and less than the maximum power received (P max = -
13dBm).

D¢*Drec?

Prec = 6.1685 x 1073Pp =107 %1%m b (10)

In the proposed design, the received power becomes:
(20)

At great weather attenuation, the optical power
received will be reduced so, we need the heavy value of
transmitted power Pr. Also, the received power required
to achieve a BER less than 10 at a given data rate. The
required power is defined as [45]:

Poec = 0.0924 * 10750 %atm P,

Prequired = Ep r].Np R (21)

where, E,=hc/A is the photon energy, h= 6.625* 10 J.s
stands the blank's constant, the speed of light in air is ¢ =
3*10%8m/s, n_is the quantum efficiency of the receiver, Np
is the receiver sensitivity (photons/bits), and R is the data
rate (Gbps), the received power becomes:

Prec = 1.9875 + 107102225 22)

B. SNR and BER

The two major evaluation parameters for FSO system
are SNR and BER [46], [47]. The optical signal had
converted into electrical signal by photodetector devices
at the receiver. The almost photodetector used in optical
communication systems is PIN photodetector because it
has suitable material, high sensitivity, fast response time,
and small size [40]. SNR is the ratio of signal power to
noise power given by [48]:

SNR =n N, (23)

Therefore, from the above equations of power received,
the SNR becomes,

_ 6 D’ Drec? —-0.1aatm L (PT
SNR = 31.036477 106 =2 10701%at (;) (24)

From proposed design, Dy, =300cm, and D; =10cm,
the SNR well get from

SNR = 7.2 % 10° + 10-5 %m (21)  (25)

With P+ = 70w = 48.45dBm, and R = 10Ghbps, the
SNR becomes:

SNR = 50.4 % 108 x 10750 %atm (26)

Then, the max suitable weather attenuation o, IS
0.16 dB/Km for Signal to Noise Ratio is 15.56 dB and the
min suitable visibility is 4.446Km.

Bit Error Rate of 10 agrees to on average one error
per million bits. Perfectly, the value of BER must be 107
as the maximum error rate existent in the receiving of bits
for a reliable and long distance communication system
[49], [50].
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No.of Errors

BER =

" Total No.of bits

The relationship between BER and SNR or Q factor
had described in equation (22) for NRZ-OOK coded
optical data and detected with a PIN photodiode. The Q-
factor value is greater than required value of 7.

(27)

1
BERNRZ—OOK = %eTfC (% VSNR) = EeTfC (%) (28)

V1. RESULTS AND DISCUSSIONS

The proposed design in this research for FSO uplink to
LEO satellite with optical wavelength A=1550nm, link
range is 500Km, power transmitted Pr=70W =48.45dBm,
divergence angle 0q, = 0.00493mrad, and data rate

R=10Gbps using climatic data in Cairo through year 2019.

Therefore, this paper aims to predict the availability of
FSO performing link from earth to satellite, especially
LEO satellite, by analyzing attenuations that had
degraded the link under tropical atmospheric conditions.

The computations of weather attenuations and
atmospheric  turbulence  effects are based on
meteorological data measured in Cairo. Scintillation
evaluated C,> (m??)

€2 =10"16« TWP

where, TWP is the turbulence weather parameter given
by:
TWP = —5300 + 20T + 380W,;, +
{—28RH + 0.29RH? — 0.0011RH3} +
{—25W, + 12W;2 — 0.85W;%}

where T is the temperature in (°K), Wy, is the temporal-
hour weight is defined from Table | based on the value of
Ci, RH stands to the relative humidity in (%), W stands
to the wind speed in (m/s).

c 12 * (current hour — sunrise hour)
th =

(sunset hour — sunrise hour)

*Calculating of the scintillation over one day in 2019,
for example 20 January 2019.

In this date, sunrise at 6:50, sunset at17:21 and midday
at 12.00

e At current hour = 7:0 (near sunrise),

T=9°C=9+4273=1282°K, RH=87%,
W, = 9Km/h = 2.5m/s. So,

12{(7 * 60 — 0) — (6 * 60 + 50)}

(17 %60+ 21) — (6 * 60 + 50)
From table (1), Wy, =0.05,

Cen =0.1907

TWP = —607, C2 = —607 * 10~ 16m~2/3
[ ]

At current hour = 12:0 (midday),
T = 290°K, RH = 49%, W, = 5.278 m/s. So,

C., = 12{(12+60-0)—(6%60+50)}
th = (17460+21)—(6+60+50)

5.89,

©2021 Journal of Communications

From Table |

Wy, = 1TWP = 152, C? = 152 * 10~ 6m~2/3,
e At current hour = 18:0 (near sunset),

T = 289°K, RH = 63%, W, = 3.6m/s. So,

_ 12{(18 % 60 — 0) — (6 * 60 + 50)}
thT (17 % 60 + 21) — (6 * 60 + 50)

From table (I)

=127

—344 % 10”16 ~2/3,

Wy, = 0.1, TWP = —344, C2

TABLE I: THE VALUE OF TEMPORAL-HOUR WEIGHT Wy
CORRESPONDING TO Cyy

event night night Night night Night
Cpp until -4 -4t0-3 -3to-2 -2to-1  -1to0
W, 0.11 0.11 0.07 0.08 0.06
event day day Day day Day
C, 5-6 6-7 7-8 8-9 9-10
W, 1.0 0.90 0.80 0.59 0.32
event sunrise day Day day Day
Con 0-1 1-2 2-3 3-4 4-5
Wi, 0.05 0.10 0.51 0.75 0.95
event day sunset Night night Night
Cen 10-11 11-12 12-13  Over13
Win 0.22 0.1 0.08 0.13

305

The value of C,2 at midday is higher than the values at
sunrise and sunset. So, take weather data at midday for all
days of year 2019. This paper estimated C,> values at
midday. Calculations of scintillation index (%) at midday
through year 2019 in Egypt, Scintillation index for week
turbulence is less than one for plain wave (6°< 1) from
equation (16) is given by:

7
om /6
0% =1.23+10"16TWp (7) L'e

With A in pm, and L in Km;

7
1\ /6
02p0x = 33198 x 103 TWP (i) Ls

For this design, L=500Km, and A =1.55um, the value
of 02 =176.673 TWP, and the maximum allowable
week scintillation index o® =1 which occurs at:

C2 = 0.00566 * 10716 m~2/3,

The maximum value of distance increases while
decreasing TWP turbulence with o® week < 1, and A =
1.55pm, the max distance must be:

7
1\
3.3198 + 103 TWP (m) (Lo )11/6 < 1
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6/11

1
Liax <
max <1.9909 * 10—3TWP)
< 29.7335 (TWp)~¢/11

The values of o®at midday for all days of year 2019
are shown in Fig. 3. The condition of scintillation index
which has o® < 1 is achieved for all days except, on 25
February, 1, 12, 13, 14, 15, 16, 21, 22, 23 May, 17July,
and 15 August 2019, the values of scintillation index (c%)
are 1.022, 1.025, 1.0175, 1.0753, 1.099, 1.0057, 1.1057,
1.0815, 1.159, 1.189, 1.081, and 1.095 respectively. And
the maximum lengths that allowed at these dates are
488Km, 486.5Km, 490.6Km, 461.9Km, 451.01Km,

Scinitlation Index Vs. days of jan, Feb, and March 2019
[ B B B -t B R

—@-Feb
+ March

scintillation index (c62)

1 3 5 791113151719212325272931

Days of Jan, Feb, and March 2019
Scinitlation Index Vs. days of July, Aug, and Seb 2019

=¥=July
8- Aug
Seb

1 3 5 7 911 131517192]2325272931
Days of July, Aug, and Seb 2019

scintillation index(c2)

Fig. 3. Scintillation index (c2) Vs. all days of year 2019.

Power received Vs. days of Jan, Feb and March 2019

Prmin=-43dBm

135791 13151719212325272931
Days of Jan, Feb, and March 2019
Power received Vs. days of July, Aug, and Seb 2019

Power received (dBm)
L4 g -

20
0 rjngxt-13d

-20 - Y
40 == July

.60"':'{:7\"2'""""""'T)rTni'n='-4'3d'BE1
Seb
_80 1 1 1 1 1 1 L Il 1 1 1 1

1 3 5 7 9 11 13 1517 19 21 23 25 27 29 31
Days of July, Aug, and Seb 2019

Power received (dBm)
=

Fig. 4. Power received Vs. all days of year 2019.

The SNR values at midday for all days of year 2019
are shown in Fig. 5. The condition of SNR is greater than
or equals 15.56 dB (SNR > 15.56dB) which achieved for
all days of year 2019 except, at 13 Feb 2019, the value of
SNR is equal to -73.049dB.
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496.9Km, 448.075 Km, 459Km, 425.5Km, 413.79Km,
413.79Km, 459.25Km, and 452.863Km respectively.

For proposed design, the PIN detector receiver which
has quantum efficiency (n=0.9), bandwidth = data rate/2
=5GHz, and sensitivity (Pymin = 50nW= -43dBm, Pnax
=50uW = -13 dBm). The power received values Py in
(dBm) at midday for all days of year 2019 are shown in
Fig. 4. The condition of received power which has P, is
greater than P, which equals -43 dBm (Prec > Pymin) 1S
achieved for all days except, at 13 February 2019 which
equals -31.96dBm.

Scinitlation Index Vs. days of April, May, and Jun 2019

scintillation index(c2)

7 9 11 13 15 17 19 21 23 25 27 29 31
Days of April, May, and Jun 2019
Scinitlation Index Vs. days of Oct, Nov, and Dec 2019

scintillation index(c2)

1 3 § 7 9 11 13 1517 19 21 23 25 27 29 31
Days of Oct, Nov, and Dec 2019

) Power received Vs. days of April, May, and Jun 2019

@ 4

]|

B0 Prmax=-13dBm

> e Y O T T A i [ P e
'5 -20

& 0T Al S L T D L ce=a=
= 60 & May Prmin=-43dBm
g -80 +Jun I I I I I

gi 13 5 7 91 13 15 17 19 2123 25 27 29 31

Days of April, May, and Jun 2019
Power received Vs. days of Oct, Nov, and Dec 2019

2
20 — YN )
4TY V¥ =0t [V _VIYVVV VEVVY TVe’
60 :'::Nov Prmin=-43dBm
Dec
-80 1 1 1 1
13 5 7 9 1113151719 21 23 25 27 29 31

Days of Oct, Nov, and Dec 2019

Power received (dBm)
b
]

VII. CONCLUSION

Free Space Optics is a growing technology that
presents high data rates that is suitable for wireless
communications. This paper has evaluated the availability
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performance of FSO system uplink from earth to LEO
satellite in the tropical region in Cairo through the year
2019 by analyzing all attenuations that degraded the
performance link. FSO system is affected by atmospheric
attenuation and turbulence. These high attenuations
reduce the availability performance of the FSO uplink.
The proposed system was evaluated with distance 500Km,
wavelength A=1.55um, and data rate =10Gbps using
NRZ-OOK, PIN photodiode. The availability evaluations
are based on predicted attenuation due to weather and
turbulence using data measured in Cairo. This link's
performance is characterized by received optical power,
SNR higher than 15.56dB, and BER less than 10-9. In

SNR Vs days of Jan, Feb, and March 2019

2 o
a4
A A g 0 U i AR A £ ) SR S
20 “@-Feb SNRmin=1556dB
| +March 1 . |

20 . I S S
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31
Days of Jan, Feb, and March 2019
SNR Vs days of July, Aug, and Seb 2019

—_
=
=

=
S S

SNR (dB)
~
(=]

1
)
1

o giIhA S e d a0 4-g=p A A S AR AR
-@-Aug SNRmin=15.56dB

Seb

| | I I

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31
Days of July, Aug, and Seb 2019
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|
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=

Fig. 5. Signal to noise ratio Vs. all days of year 2019
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this paper, the availability assessment of FSO has been
evaluated for atmospheric conditions and turbulence.
During analysis, the availability of the link becomes
99.9945%. The optimum Signal to Noise Ratio and
minimum Bit Error Rate for FSO uplink depends upon
the transmitted power and data rate. Increase the SNR
while increasing the transmitted power and decreasing the
data rate. The required transmitted power must be related
to the expected visibility. The performance of this link
was achieved for all days of the year 2019, except one
day. This paper will be a useful tool for vertical FSO link,
especially under tropical climate conditions.
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