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Abstract
In Free Space Optical Communication (FSOC) links, weather 
effect has a significant impact on the quality of laser beam 
propagation through the atmosphere. Weather attenuation results 
in receiver signal power which can several impair the operation 
of target designation and FSO communications system.  In this 
paper, the important parameter for describing quality of FSO 
communications system was the signal to noise ratio. The analysis 
based on the weather conditions such as: clear, haze, thin fog, light 
fog and heavy fog on the receiver signal, data rate and signal to 
noise ratio for an optical communication.      
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I. Introduction
Light has an enormous potential to transmit large data volumes and 
the high optical frequencies make it possible to utilize very broad 
bandwidth in an energy-efficient manner. Optical wireless or Free 
Space Optics is now an established technology that accomplishes 
it through a well collimated high data rate optical beam using 
compact, low-mass terminals, while avoiding interference 
problems and without exhausting the radio-frequency bandwidths. 
Usually FSO employs modulated beams of visible or infrared 
light to transmit information through the terrestrial free-space 
for broadband communications. The main disadvantage is that 
a clear line of sight LOS is always required between transmitter 
and the receiver terminals. An additional disadvantage arises when 
extreme pointing, acquisition and tracking (PAT) accuracies are 
required to establish FSO communication link to or between 
mobile terminal/s [1]. 
The performance of FSO links is significantly limited and 
handicapped due to absorption and scattering phenomena of 
atmosphere. Fog event and strong snow events are the most 
adverse weather conditions because they result in high specific 
attenuation to optic waves [2]. Several models describing the 
relationship between atmospheric visibilities and related optical 
attenuation has been published [3, 4, 5]. The Kruse [3] and Kim 
[4] models were based on the visibility definition for a 0.55 μm 
wavelength. Al Naboulsi models were obtained by interpolating 
results from FASCOD software [5]. Our core work remained 
in creating understanding about wavelength selection which 
could help design systems that may be immune to atmospheric 
visibility degradations. The growing perception that wavelengths 
of higher order (10μm) will offer high link reliability [6-7], needs 
to be looked into again as this claim seems to be lopsided and 
considerable work has been done by [8] to contradict the claims 
of advantage of higher wavelengths. 

II. The Fog Attenuation Models of FSO 
Fog is the most critical attenuation factor among all atmospheric 
attenuation factors of FSO. The most accurate way to calculate 
attenuation in case of fog droplets is based on Mie scattering theory. 
However, it requires detailed information of fog parameters like 

particle size, refractive index, particle size distribution etc. which 
may not be readily available at a particular location of installation. 
Moreover it involves complex computations [9]. Another way is 
to use visibility data to predict specific attenuation. This model 
Kruse, Kim, Al Naboulsi [3-5] use this approach and predict 
specific attenuation using visibility. The specific attenuation for 
Kruse [3] is given by: 

                                  (1)                                                                      
The coefficient q depends on 

  (2)

Where V is visibility in km and λ is wavelength in nm and 
represents specific attenuation. Kim et al [4] reject such 

wavelength dependent attenuation for low visibility in dense fog. 
The q variable in eq. (1) for Kim model is given by:

  (3)

Al Naboulsi et al. [5] have provided relations to predict fog 
attenuation by characterizing advection and radiation fog 
separately. Al Naboulsi provide the advection fog attenuation 
coefficients as

                           (4)
Radiation fog is related to the ground cooling by radiation. Al 
Naboulsi provides the radiation fog attenuation coefficients as 

 (5)

III. Communication Link Model
We now consider three types of communication links: the receiver 
signal power, link margin, and data rate. In addition, we performed 
a signal to noise ratio calculation.  

A. Receiver Signal Power
We shall consider the situation of optical propagation between 
points underwater. Consider a laser transmitting a total power 
Ptrans at the wavelength. The signal power received at the 
communications detector can be expressed as [10]

 (6)                                            
Where D is the receiver diameter, θ is the divergence angle, γ is 
the attenuation factor (dB/m), τtrans, τrec are the transmitter and 
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receiver optical efficiency respectively.

II. Data Rate 
Given a laser transmitter power Ptrans, with transmitter divergence 
of θ, receiver diameter D, transmit and receive optical efficiency 
τtrans, τrec the achievable data rate R can be obtained from [11]

  (7)                                               
Or can be written as

    (8)                                                                  
Where Ep=hc/λ, is the photon energy at wavelength. 

III. Signal to Noise Ratio (SNR)
The electrical power of the received optical signal is proportional 
to the mean squared avalanche photodiode APD current, which 
can be written as [12]

2)0(2 MrecPRAPDi =
                                        (9)                                                                   

and 

     (10)                                                                                             
where R0 denotes the primary sensitivity of the APD, M is the 
APD gain, η is the quantum efficiency, q is the electron charge. 
The noise contributions (i.e., the mean-square values of the APD 
current) are shot noise: 

  (11)                                                 
Surface leakage current noise:

                                              (12)                                                                              
multiplied dark current noise:

   (13)                                                                        
And Johnson noise:

    (14)                                                                         
where ID is the bulk dark current, IL is the surface leakage current, 
F(M) ≈ Mx(0≤x≤1) is the excess noise factor, k is the Boltzmann 
constant, B is the equivalent noise bandwidth, Req is the equivalent 
circuit resistance, FT is the noise figure of the electric circuit, and T 
is the system temperature. The SNR for the optical communication 
system is thus given by

 (15)

IV. Simulation Results 
Simulation by matlab carried out to show the weather effect 
on optical communication System. The performance of optical 
communication system can be evaluated by the receiver signal 
power, data rate and signal to noise ratio. We have investigated the 
high quality and the best performance of optical communication 
link systems for different weather conditions. The investigating 
based on the modeling equations analysis and the assumed set of 

the operating parameters are shown in Table 1.

Table 1: Proposed Operating Parameters for Optical Communica-
tions Links [13-14]
Operating parameter value
 wavelength 650nm
Transmitter power 50mw
Transmitter divergence angle 1≤ θ (mrad) ≤ 3
Transmitter efficiency 0.9
Receiver efficiency 0.9
Receiver sensitivity -20dBm
Receiver diameter 1≤ D (cm)≤ 10
Range 1≤  L (m) ≤  1000
Bulk dark current, ID 0.05 nA
The APD gain 100
The excess noise factor, x 0.5
Electrical band, B 25MHz
Surface leakage current, IL 0.001A
System temperature, T 290K
Noise figure, FT 3dB

Equivalent resistance, Req 50kΩ

Weather conditions

Clear 0.7(dB/km)
Haze 7.77(dB/km)
Thin Fog 10.5 (dB/km)
Light Fog 15.96 (dB/km)
Heavy Fog 34.96 (dB/km)

So the receiver signal power due to the effect of weather conditions 
can be evaluated. The receiver signal power is achieved for (650) 
nm under the effect of clear, haze, thin fig, light fog and heavy 
fog as shown in fig. (1), has proved that the receiver signal power 
increases with increasing receiver diameter. It is also observed that 
the wavelength 650nm has presented high received signal power 
for clear sky compared with the other conditions. The receiver 
signal power decreases with increasing transmitter divergence 
angle and range for the conditions under study. The receiver signal 
power curves have very different behavior with increasing range 
about (0.3) km
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Fig. 1: Receiver Signal Power Versus Parameters of Optical 
Communication System

The data rate 0.1 Gb/s is achieved for different parameters 
communication system under different weather conditions. The 
data rate of 0.1 Gb/s is obtained for 650 nm as shown in fig. (2). 
The data rate decreases with increasing transmitter divergence 
angle and the range, While for increases receiver diameter the 
data rate is increasing for the conditions under study. It is also 
observed that the data rate have very close behavior curves when 
the transmitter divergence angle is increasing and very different 
behavior curves for increasing range.   

Fig. 2: Data Rate versus Parameters of Optical Communication 
System

To study the signal to noise ratio characteristics under different 
weather conditions, we analyzed it based on the receiver signal 
power of the AVD. The simulation result as shown in fig. (3). As 
can be seen from fig. (3), when the receiver diameter increases 
the signal to noise ratio is increasing for the wavelength (650) nm 
under study. Also can be seen the signal to noise ratio have very 
close behavior curves in small and medium distance but different 
for high distance. So, the heavy fog has attenuation effect much 
greater than the other weather conditions.   



IJECT Vol. 5, IssuE spl-1, Jan - MarCh  2014

w w w . i j e c t . o r g InternatIonal Journal of electronIcs & communIcatIon technology  23

 ISSN : 2230-7109 (Online)  |  ISSN : 2230-9543 (Print)

Fig. 3: Signal to Noise Ratio versus Parameters of Optical 
Communication System

V. Conclusion 
In this paper, we focused on the weather effect as the most important 
parameter affecting the performance of FSO links. Analyses were 
carried out for the receiver signal, data rate and the signal to noise 
ratio in the clear, haze and fog conditions. From the results, it was 
shown that the data rate decreases with increasing divergence angle 
and link distance for the parameters under study. It is observed 
that the clear and haze weather have low attenuation compared 
with the fog attenuation.        
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