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Abstract-This paper has investigated the free space optics and
submarine laser communications to be suited Egyptian climate
weather. Refractive index fluctuations are deeply investigated for
both free space communication systems and submarine laser
systems. Optical path length, optical intensity fluctuations,
Rayleigh scattering coefficient are the major interesting
performance parameters over wide range of temperature , wind
speed, signal altitude over ground, and relative humidity
variations.
Numerical examples are further provided to

I. INTRODUCTION
The Free Space Optical (FSO) communication is also
known as Wireless Optical Communication (WOC),
Fibreless, or Laser Communication (Lasercom). FSO
communication is one of the various types of wireless
communication which witnesses a vast development
nowadays. FSO provides a wide service and requires pointto-point connection between transmitter and receiver at clear
atmospheric conditions. FSO is basically the same as fiber
optic transmission. The difference is that the laser beam is
collimated and sent through atmosphere from the
transmitter, rather than guided through optical fiber [1, 2].
The FSO technique uses modulated laser beam to transfer
carrying data from a transmitter to a receiver. FSO is
affected by attenuation of the atmosphere due to the instable
weather conditions. Since the atmosphere channel, through
which light propagates is not ideal. In some mountainous
areas, it is difficult to install the technique of fiber optics.
But FSO technique will solve this problem with same
proficiency and quality provided by fiber optics. FSO
systems are sensitive to bad weather conditions such as fog,
haze, dust, rain and turbulence [3]. All of these conditions
act to attenuate light and could block the light path in the
atmosphere. As a result of these challenges, we have to
study weather conditions in detail before installing FSO
systems [4]. This is to reduce effects of the atmosphere also
to ensure that the transmitted power is sufficient and
minimal losses during bad weather. There are three factors
which enable us to test the FSO performance as: design,
uncontrollable and performance. Design factors are relating
to FSO design such as light power, wavelength, receiver and
transmitter aperture diameter, link range and detector
sensitivity. Uncontrollable elements such as rainfall
elements include rainfall rate and raindrop radius, haze
element include visibility and turbulence element include
refractive index structure. Performance of system was tested
during the rainy days and hazy days which can be calculated
from the effect of scattering coefficient, atmospheric
attenuation and total attenuation. However, the system

collaborate on the derived analytical expressions. We have taken
into account the analysis of signal to noise ratio (SNR) and the
bit error rate (BER) performance of free-space optical (FSO)
links and laser submarine communications over atmospheric
turbulence channels
Keywords: Wind speed, Temperature variations, Year seasons,
Signal altitude, relative humidity, SNR and BER.

performance in the clear days can be calculated from the
effect of variance [5].
II. SCHEMATIC VIEW FREE SPACE OPTICAL TRANSCEIVER
LINE OF SIGHT
FSO is a technique used to convey data carried by a
laser beam through the atmosphere. While FSO offers a
broadband service, it requires Lone of Sight (LOS)
communication between the transmitter and receiver as
shown in the Fig. 1 [6]. The atmosphere has effects on the
laser beam passing through it, so the quality of data received
is affected. To reduce this effect, the fundamental system
components must be designed to adopt with the weather
conditions. This design is mostly related to transmitter and
receiver components. In the following subsection, we will
tackle discuss the components and the basic system of FSO.

Fig. 1. Schematic showing FSO Transmitter and Receiver LOS.

FSO communication is a line of sight technology that uses
laser beam for sending the very high bandwidth digital data
from one point to another through atmosphere. This can be
achieved by using a modulated narrow laser beam lunched
from a transmission station to transmit it through
atmosphere and subsequently received at the receiver station
[7].
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III. SYSTEM MODEL ANALYSIS
In atmospheric turbulence, an important parameter for
characterizing the amount of refractive index fluctuation is
the index of refraction structure parameter, Cn2 , introduced
by [8]. The value of Cn2 varies with altitude and a
commonly used model to describe it is the Hufnagel Valley
Day, Hufnagel Valley Night, Greenwood, and submarine
laser communication (SLC) Day models with given below
as:

Both signal to noise ratio (SNR) and bit error rate (BER) are
used to evaluate the quality of optical communication
systems. BER performance depends on the average received
power, the scintillation strength, and the receiver noise.
With appropriate design of aperture averaging the received
optical power could be increased as well as reducing the
effect of the scintillation. The SNR with turbulence in terms
of the mean signal and noise intensity I0 and In, is given as
with taken into account the approximation [10]:
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(6)
Where A is the refractive-index structure parameter at
ground level, WS is the velocity of wind in m/s and h is the
altitude in meters. On the other hand, when a vertical path is
considered, the behavior of Cn2 is conditioned by
temperature changes along the different layers within the
Earth’s atmosphere, hence, the refractive-index structure
parameter becomes a function of the altitude above ground.
With taking into account the introduction of the effects of
solar radiation and aerosol loading in the atmosphere, as the
following expression [9]:
16 0.6229

Cn2

Cn2

T ,WS , RH,TCSA, SF   5.9x10

15

15

Wth  1.6 x10

15

T  3.7 x10

15

RH  3.7 x10 WS

 2.8x1014 SF  1.8x1014 TCSA  3.9 x1013

(7)
Where Wth is a temporal hour weight, T is the temperature
in K, RH is the relative humidity (%), SF is the solar flux in
units of kW/m2, and TCSA is the total cross sectional area
of the aerosol particles and its expression can be found [9]:
TCSA  7.3x103  9.96x104 RH  2.75x105 RH 2  1.37x105 SF 4

(8)
Therefore the refractive index structure parameter, Cn2 can
be given by the following formula:

Cn2  Cn2 h  Cn2 T , WS, RH , TCSA, SF  (9)

Another important factor is the rytov approximation which
gives relationship between index refraction structure
parameter Cn2 and relative variance of optical intensity
fluctuation as the following formula:
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Where λ is the operating optical signal wavelength and L is
the link range (distance between transmitter and receiver).

exp 0.5 SNR

(12)

2 SNR

The rays leaving the laser source are deflected as they travel
through the turbulent atmosphere, some arriving off-axis
instead of what is expected without turbulence, represented
with the horizontally straight dashed arrow. As the rays may
also be interpreted as the wave vector for the traveling
wavefront, the variations in the angle respect the optical axis
at the receiver represent the concept of angle-of-arrival
fluctuations. The expression for the angle-of-arrival
fluctuations, that directly depends on the turbulence strength
and the optical path length is given by [12]:


2.91Cn2 L 2 WG 1 / 3

(13)
Where WG is the aperture radius and it is related to the
receiving aperture, DR by the following formula [13]:
WG 

DR

(14)

8

The Rayleigh scattering coefficient or extinction coefficient
can be written by the following relation [14]:
 2 
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IV. SIMULATION RESULTS AND PERFORMANCE E VALUATION
FSO system used the laser beam to transfer data
through atmosphere. The bad atmospheric conditions have
harmful effects on the transmission performance of FSO.
These effects could result in a transmission with insufficient
quality and failure in communication. So, the
implementation of the FSO requires the study of the local
weather conditions patterns. Studying of the local weather
conditions patterns help us to determine the atmospheric
attenuation effects on FSO communication that occurs to
laser beam at this area. we shall discuss the effects of
atmospheric attenuation, scattering coefficient during rainy
and hazy days and atmospheric turbulence during clear days
on the FSO system performance. Finally, we will calculate
the atmospheric turbulence.
Table 1: Proposed operating parameters for free space optics and
laser submarine systems [3, 7, 12, 14, 15].
Operating parameter
Value and unit
Refractive-index structure parameter at

1.7 x 10−14 m−2/3
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ground level , A
Operating optical signal wavelength, λ

850 nm  λ  1550
nm

Link range, L

100 m  L  1000 m

Wind speed, WS

2 m/s  WS  20 m/s

A temporal-hour weight, Wth (Sunrise)

0.05

A temporal-hour weight, Wth (Sunset)

0.1
0.1 kW/m2

Solar flux, SF
Receiver diameter, DR

20 cm

Altitude over ground level, h

20 m  h  20000 m

Winter season

287.3 K

Average

Summer season

299 K

Atmospheric

Spring season

293.8 K

temperature, T

Autumn season

295.5 K

Winter season

59.33 %

Average

Summer season

56.66 %

Relative humidity, RH

Spring season

46.66 %

(%)

Autumn season

60 %

Winter season

3.73 m/sec

Average

Summer season

3.9 m/sec

wind speed

Spring season

4.2 m/sec

Autumn season

3.5 m/sec

Based on the modeling equations analysis and the assumed
set of the operating parameters as shown in Table 1, the
following facts are assured as shown in the series of Figs.
(2-22):
i) Fig. 2 has assured that laser intensity fluctuations
decreases with increasing operating laser signal
wavelength for different seasons' year in terrestrial free
space optics. It is evident that winter season has
presented the lowest laser intensity fluctuations in
compared with seasons' year.
ii) Figs. (3, 4) have indicated that signal to noise ratio
increases and bit error rate decreases with increasing
operating laser signal wavelength for different seasons'
year in terrestrial free space optics. It is observed that
winter season has presented the highest signal to noise
ratio and the lowest bit error rate in compared with
seasons' year under the same operating conditions.
iii) Fig. 5 has assured that laser intensity fluctuations
increases with increasing optical link range for different
seasons' year in terrestrial free space optics. It is evident
that winter season has presented the lowest laser
intensity fluctuations in compared with seasons' year
under the same operating conditions.
iv)
Figs. (6, 7) have indicated that signal to noise ratio
decreases and bit error rate increases with increasing
operating optical link range for different seasons' year
in terrestrial free space optics. It is theoretically found
that winter season has presented the highest signal to
noise ratio and the lowest bit error rate in compared
with seasons' year under the same operating conditions.

v) Fig. 8 has assured that angle of arrival fluctuations
increases with increasing operating optical link range
for different seasons' year in terrestrial free space
optics. It is evident that winter season has presented the
lowest arrival of angle fluctuations in compared with
seasons' year under the same operating conditions.
vi)
Figs. (9, 16) have assured that laser intensity
fluctuations decreases with increasing operating laser
signal wavelength for different seasons' year in
submarine laser communications. It is evident that
winter season has presented the lowest laser intensity
fluctuations in compared with seasons' year.
vii)
Figs. (10, 11, 17, 18) have indicated that signal to
noise ratio increases and bit error rate decreases with
increasing operating laser signal wavelength for
different seasons' year in submarine laser
communications. It is observed that winter season has
presented the highest signal to noise ratio and the
lowest bit error rate in compared with seasons' year
under the same operating conditions.
viii) Figs. (12, 19) have assured that laser intensity
fluctuations increases with increasing optical link range
for different seasons' year in submarine laser
communications. It is evident that winter season has
presented the lowest laser intensity fluctuations in
compared with seasons' year under the same operating
conditions.
ix)
Figs. (13, 14, 20, 21) have indicated that signal to
noise ratio decreases and bit error rate increases with
increasing operating optical link range for different
seasons' year in submarine laser communications. It is
theoretically found that winter season has presented the
highest signal to noise ratio and the lowest bit error rate
in compared with seasons' year under the same
operating conditions.
x) Figs. (15, 22) has assured that angle of arrival
fluctuations increases with increasing operating optical
link range for different seasons' year in submarine laser
communications. It is evident that winter season has
presented the lowest arrival of angle fluctuations in
compared with seasons' year under the same operating
conditions.
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Signal to Noise Ratio, SNR, dB

Operating Wavelength, λ, µm
Fig. 2. Variations of the Rytov approximation against the operating wavelength for terrestrial free space optics communication at the
assumed set of parameters.

Operating Wavelength, λ, µm

Bit Error Rate, BER x 10-6

Fig. 3. Variations of the signal to noise ratio against the operating wavelength for terrestrial free space optics communication at the
assumed set of parameters.

Operating Wavelength, λ, µm
Fig. 4. Variations of the bit error rate against the operating wavelength for terrestrial free space optics communication at the assumed set of
parameters.
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Signal to Noise Ratio, SNR, dB

Link Range, L, m
Fig. 5. Variations of the Rytov approximation against the link range for terrestrial free space optics communication at the assumed set of
parameters.

Link Range, L, m

Bit Error Rate, BER

Fig. 6. Variations of the signal to noise ratio against the link range for terrestrial free space optics communication at the assumed set of
parameters.

Link Range, L, m
Fig. 7. Variations of the bit error rate against the link range for terrestrial free space optics communication at the assumed set of
parameters.
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Rytov approximation, σi

Link Range, L, m
Fig. 8 Variations of the angle of arrival fluctuation against the link range for terrestrial free space optics communication at the assumed set
of parameters.

Signal to Noise Ratio, SNR, dB

Operating Wavelength, λ, µm
Fig. 9. Variations of the Rytov approximation against the operating wavelength for submarine laser communication modeling one at the
assumed set of parameters.

Operating Wavelength, λ, µm
Fig. 10. Variations of the signal to noise ratio against the operating wavelength for submarine laser communication modeling one at the
assumed set of parameters.
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Rytov approximation, σi

Operating Wavelength, λ, µm
Fig. 11. Variations of the bit error rate against the operating wavelength for submarine laser communication modeling one at the assumed
set of parameters.

Signal to Noise Ratio, SNR, dB

Link Range, L, m
Fig. 12. Variations of the Rytov approximation against the link range for submarine laser communication modeling one at the assumed set
of parameters.

Link Range, L, m
Fig. 13. Variations of the signal to noise ratio against the link range for submarine laser communication modeling one at the assumed set of
parameters.
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Angle of arrival fluctuation, β, mdegree

Link Range, L, m
Fig. 14. Variations of the bit error rate against the link range for submarine laser communication modeling one at the assumed set of
parameters.

Link Range, L, m

Rytov approximation, σi
,

Fig. 15 Variations of the angle of arrival fluctuation against the link range for submarine laser communication modeling one at the
assumed set of parameters.

Operating Wavelength, λ, µm
Fig. 16 Variations of the Rytov approximation against the operating wavelength for submarine laser communication modeling three at the
assumed set of parameters.
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Bit Error Rate, BER x 10-6
,

Operating Wavelength, λ, µm
Fig. 17. Variations of the signal to noise ratio against the operating wavelength for submarine laser communication modeling three at the
assumed set of parameters.

Rytov approximation, σi

Operating Wavelength, λ, µm
Fig. 18. Variations of the bit error rate against the operating wavelength for submarine laser communication modeling three at the assumed
set of parameters.

Link Range, L, m
Fig. 19. Variations of the Rytov approximation against the link range for submarine laser communication modeling three at the assumed
set of parameters.
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Link Range, L, m

Bit Error Rate, BER

Fig. 20. Variations of the signal to noise ratio against the link range for submarine laser communication modeling three at the assumed set
of parameters.

Angle of arrival fluctuation, β, mdegree

Link Range, L, m
Fig. 21. Variations of the bit error rate against the link range for submarine laser communication modeling three at the assumed set of
parameters.

Link Range, L, m
Fig. 22. Variations of the angle of arrival fluctuation against the link range for submarine laser communication modeling three at the
assumed set of parameters.
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V. CONCLUSIONS
In a summary, we have deeply investigated the
terrestrial and submarine free space optics over atmospheric
channels for different seasons' year in Egypt. It is
theoretically found that the dramatic effects of increasing
optical link range on the free space optic terrestrial and
submarine laser communications on the decreases signal to
noise ratio, increased both bit error rate and laser intensity
and angle of arrival fluctuations. As well as it is observed
that the increased operating optical laser wavelength, this
results in increasing signal to noise ratio and decreasing bit
error rate and laser intensity, arrival angle fluctuations. So it
is recommended for operation at the window transmission at
1.55 micrometer for both terrestrial and submarine free
space optics.
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