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ABSTRACT 

In modern era of communication there was a need of a system with high bandwidth and channel capacity. This was achieved by 
the wireless system known as free space optical communication system. This is the system which does not require any license for 
its establishment and the working. In this paper first part introduces the FSO system, its advantages, and disadvantages its 
applications. Second part informs about the challenges which a FSO system faces while working. The challenges faced by FSO 
system is atmospheric attenuation. The atmospheric attenuation is caused by the fog, smog, rain, smoke, bird flap etc. The third 
part will discuss the attenuation calculation by different models which are fog model and the rain model. Then the fourth part of 
this paper will explain the block diagram of FSO system which will include the explanation of different parts of the FSO system 
i.e. photo detectors, light sources. 
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1. INTRODUCTION:  
Free space optical (FSO) communication now a days is one of the major topics in the world of wireless and optical 
communications. This type of wireless optical communication technology uses highly narrow beam to transmit data from 
one point to the other one. The clear line of sight between both transmit and receive terminals is essential to establish a 
seamless communication.  This line of sight technology offers numerous advantages to both telecommunication users and 
providers. It provides a high data rates up to several Gbps, has immunity to radio frequency interferences, requires no 
licensing, gives a highly secured communication link due to the usage of a very narrow beam angle, and offers an 
inexpensive, fast and easy deployment when compared to the fiber optic installation.[1] 
The FSO technology employs air as the transmission medium the vulnerability towards atmospheric phenomena is 
inevitable . The atmospheric turbulences will cause the rapid fluctuations of received power and eventually will reduce the 
system quality. Moreover, the interruption of a bird flap in the laser path will also disturb the communication channel.[2]  
Free space optics systems represent one of the most promising approaches for addressing the emerging broadband access 
market and its “last mile” bottleneck. Free space optics systems offer many features, principal among them being low 
start-up and operational costs, rapid deployment and high fiber-like bandwidths due to the optical nature of the 
technology. It can avoid some challenges facing optical fiber communications such as high cost of digging roads, 
impractical physical connection between transmitters and receivers. Also, it can be presented to be an alternative or an 
upgrade for long distance wireless communications systems (up to few kilometers) [2]. Some advantages are: 1) No need 
for licensed frequency band allocation. 2) Easy to install. 3) Absence of radiation hazards of radio frequency. 4) Immunity 
to interference. 5) High data rates 
 
2. FSO CHALLENGES: 
Optical wireless networks based on free space optical communication must be designed to combat the atmospheric 
challenges which can affect the system performance drastically. There are several challenges facing the channel 
performance. First, free space path loss phenomenon [4]. Secondly, investigate the effect of different weather conditions 
that appears in the studies dealing with scattering [5], turbulence [6] and scintillation [7]. FSO link receiver strongly 
affects the behavior of the link. Types of detectors [9], various sources of noise [10] and error correction techniques for 
maintaining desired bit error rates accepted levels are the top factors that should be considered in the design of practical 
FSO receivers [11]. For FSO link transmitters, many modulation techniques are used such as NRZ, RZ , PPM, BPSK and 
DQPSK. Different types of light sources are used in FSO like LED, VSCEL lasers, QCL. Various wavelengths are 
evaluated such, 785 nm, 830 nm, 850 nm, 950 nm, 1550 nm and 10,000 nm. For FSO link channel, effect of scattering is 
evaluated through Kim’s model , Kruse’s Model, Al Naboulsi’s advection fog model and Al Naboulsi’s convection 
(radiation) fog model, phenomena of turbulence and scintillation are evaluated in the log normal channel model, negative 
exponential channel model and gamma-gamma model. APD and PIN are introduced as FSO link receivers, where its 
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performance is affected by thermal noise, shot noises and sometimes FSO detector noise is estimated by AWGN. Error 
correction techniques are used to maintain desired BER levels such as LDPC codes and convolution codes. 
All potential disturbances can be addressed through thorough and appropriate network design and planning. The primary 
challenge to FSO-based communications is dense fog. Rain and snow have little effect on FSO technology, but fog is 
different. Fog is vapour composed of water droplets, which are only a few hundred microns in diameter but can modify 
light characteristics or completely hinder the passage of light through a combination of absorption, scattering, and 
reflection. Absorption occurs when suspended water molecules in the terrestrial atmosphere extinguish photons. This 
causes a decrease in the power density (attenuation) of the FSO beam and directly affects the availability of a system. 
Absorption occurs more readily at some wavelengths than others. However, the use of appropriate power, based on 
atmospheric conditions, and use of spatial diversity (multiple beams within an FSO-based unit) helps maintain the 
required level of network availability. Scattering is caused when the wavelength collides with the scatter. The physical 
size of the scatterer determines the type of scattering. When the scatterer is smaller than the wavelength, this is known as 
Rayleigh scattering. When the scatterer is of comparable size to the wavelength, this is known as Mie Scattering. When 
the scatterer is much larger than the wavelength, this is known as Non- Selective Scattering. In scattering unlike 
absorption there is no loss of energy, only a directional redistribution of energy that may have significant reduction in 
beam intensity for longer distances. 
 
3. ATMOSPHERIC ATTENUATION CALCULATION: 
Generally attenuation is the reduction in the strength of the signal as it propagates through the medium as in here is the 
air. It is calculated through the ratio of the transmitted power to the received power. The empirical formula for the 
calculation of the attenuation coefficient is as below: 

Ɣ(λ) =  
Where V is the visibility, λ is the frequency used and q is the particle size distribution coefficient. 
Here visibility is defined as the distance at which a naked human eye can distinguish between white boundaries and the 
black boundaries. For the calculation of attenuation by fog and rain there are different models. For fog attenuation there 
are two models KRUZE’S model and KIM’S model. For rain attenuation the model used is the CARBONNEAUE’S 
model. These models uses different equations for the calculation of attenuation which are as shown below. 
(1). KRUZE’S model: This model is widely used to calculate the FSO equipment link budget. This model corresponds to 
best results on the frequency 1550 nm rather than other frequencies suggested to be used in the FSO communication. The 
equation used in this model has the form shown below: 
The particle size distribution for this model has the form: 
 
q =            1.6             if   V > 50 km   
                   1.3             if  6km < V < 50 km                                                                                                 
                   0.585 V1/3   if V < 6 km 
 
 
 
(2). KIM’S model : The evaluation of the parameter q was not collected in dense fog for the visibility lower than 6 km. So 
for the visibility lower than 1 km the significance of the KRUZE model was in doubt. Then the recent studies proposed 
another expression for the particle size distribution coefficient (q). this model was the KIM’S model, whose expression 
has the form shown below : 
 
q =          1.6             if  V > 50 km 
                1.3             if 6 km < V < 50 km 
                 0.5             if 1 km < V < 6 km 
                 0.1             if 0.5 km < V < 1 km 
                 0                if V < 0.5 km 
 
For tropical regions where no fog attenuation to consider, because haze attenuation promenades more, the KRUZE model 
is good enough, since we do not consider the condition V < 1 km. 
In the fog environment the FSO communication system the NRZ line code with 1550nm operating wavelength utilizing 
APD receiver in different weather conditions achieves a remarkable performance in order to keep an acceptable received 
signal power and BER levels[12]. 

 
(3). CARBONNEAUE’S model : In determining the rain attenuation for terrestrial and earth space we need following 
quantities: 
     (a) The specific attenuation or attenuation per unit length, (As) 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org  

Volume 3, Issue 6, June 2014   ISSN 2319 - 4847 
 

Volume 3, Issue 6, June 2014 Page 137 
 

     (b) The effective path length, (Deff) 
     (c) Constant a and b. 
The specific attenuation is as shown below: 
                                                       As=aRb  
             Where As=A/Deff, a=1.076, b=0.67 (for CARBONNEAUE’S model). 
The effective path length is based on the assumption that along the propagation path the non-uniform rainfall and length, 
Deff can be modeled by an equivalent cell of uniform rainfall rate. This can be materialized by considering the effective 
path length by assuming that equivalent rain cell may intercept the link at any position with equal probability. Effective 
path length can be defined as the average length of the intersection between the cell and path. 
In order to use FSO system at all times, we go for an increase in the transmitted power during rain so that the receiver is 
able to sense the signal with considerable increase in the quality of the information after processing. This overcomes the 
need to install extra components at the transmitter and receiver. Also the bandwidth and speed are all maintained as in 
the case of normal weather condition. Our only requirement is the proper design of transmitter that can sense the 
presence of rain and function accordingly. This implies that only during rain the transmitted power has to be increased to 
overcome the attenuation that will be encountered on its path. Otherwise normal power output is sufficient. 
During the rain FSO channel is attenuated by rain. To obtain a clear signal at the receiver the power of the laser has to be 
increased accordingly to withstand the attenuation. The power is increased by APC[13]. It will increase the output power 
and the received signal will resemble the transmitted signal even in the rainy environment. 
 
4. BLOCK DIAGRAM OF FSO LINK: 

 
 

As shown in the figure the data is provided in the form of the message. Then the data is being modulated before fed to the 
optical source LASER or LED. The optical source or driver changes the electric current into the light energy, accordingly 
the light intensity. The light enters the free space at a certain divergence angle controlled by the lenses. Due to this 
divergence in the beam the light will scatter in the free space. The focal length adjustment of the lens is such that the 
light source will cover the whole lens.  
A similar adjustment is done on the receiver side. The focal length of the lens and the photodiode is such that the 
photodiode covers the whole lens. The photodiode will convert this light energy into electrical signal. This electrical 
signal is fed into a trans-impedance amplifier, which is typically used as a preamplifier in a circuit. This can convert a 
very low level signal into a significantly amplified signal with an adequate bandwidth. The next stage in the circuit is a 
limiting amplifier. This amplifier boosts the output signal of the trans-impedance amplifier, which typically converts a 
low voltage differential signal into a constant amplitude binary signal. 
 
Light source: In optical communication systems, optical beams generated by light source carry the information. Laser 
diodes (LD) and light-emitting diodes (LED) are the most common sources, their small size and their solid structure, and 
low power requirements are compatible with modern solid state electronics, both are (p-n) junction semiconductors, emits 
light when forward biased, which cause recombination of holes and electrons that are injected in to the junction, the 
energy lost in the transition is converted to optical energy in the form of a photon. 
 Photon energy and frequency are related by 

E = h ν  
The radiated wave length is then 
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λ = h ν /Eg  
Where, 

λ = Wavelength of radiation or emitted laser beam. 
h = Planks constant = 6.626*10-34 J s. 

ν = frequency of the radiated light. 
Eg = the gap energy. 

 
The basic principle of LASER action is the stimulated emission of photons. The probability of stimulated emission is 
proportional to the intensity of the energy density of external radiation and the induced emission has a firm phase 
relationship with it, unlike spontaneous emission[4]. Since the spontaneous photons have no phase relations with each 
other, the output is incoherent. But stimulated emission has the same phase, direction, spectral and polarization properties 
as the stimulating field and both are indistinguishable in all aspects. Consequently, the laser output is coherent. It is this 
stimulated emission that comes out of the laser device as laser. 
 
Photo detectors: A photo detector is an Opto-electric device that converts received optical power into electrical power 
with linear response. There are two types of detectors used in free space optical communication systems. Both are 
semiconductor devices, they are: Positive Intrinsic Negative (PIN) and Avalanche Photo Diode (APD). 
In most applications PIN is the preferred element in the receiver. This is mainly due to the fact that it can be operated 
from standard power supply, typically between (5-15V); it has lower cost, lower noise, and no gain. APD devices have 
much better sensitivity than PIN. In fact, they have high gain (5 to 10 dB), more sensitivity. However they cannot be used 
on a (5 V) printed circuit board. They also require a stable power supply, typically between 100-400V. This makes their 
cost higher. APD devices are usually found in long haul communication links. The output of the detector is a very weak 
signal, thus the photo diode circuitry is followed by one or more amplification stages. This is to amplify the signal to yield 
an electrical signal which will represent the original input. 
 
5. CONCLUSION:  
In this paper the performance of FSO system is discussed for two different fog models and the rain model. The fog models 
are KRUZE’s model and KIM’s model. The rain model is CARBONNEAUE’s model. The FSO communication system 
using NRZ line code with 1550 nm rather than that of 850 nm operating wavelength utilizing APD receiver in different 
weather conditions achieves a remarkable performance in order to keep an acceptable received signal power and BER 
levels. In the rain environment the normal FSO communication system distorts the signal. So in order to achieve clear 
signal we use APC to increase the output power signal. Due to which we will receive the originally transmitted signal at 
the receiver.  
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