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Abstract— The modern day internet technology demands for 

high data rate and large capacity. FSO communication is the 

technology capable of handling very high data rate and 

higher capacity. FSO technology is capable of multiplexing 

voice, data and video in full duplex mode. The FSO 

technology requires a line of sight path between Tx and Rx 

in order to make possible transmission. FSO technology 

faces a lot of challenges due to atmospheric turbulence such 

as  scintillation and beam spreading. The reliability and the 

quality of link is largely affected due to the presence of 

atmospheric turbulence. The turbulence presence largely 

affects the bit error rate of the FSO link. Literature shows 

multiple techniques to reduce atmospheric turbulence. 

Diversity based techniques capability to overcome the effect 

of BER degradation. Diversity helps to improve the 

reliability and quality factor of the FSO link. This paper 

choose a various diversity based technique for mitigating the 

atmospheric turbulence for having reliable and high quality 

transmission link in free space optical communication. 
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I. INTRODUCTION 

The high cost and other considerations for optical fiber 

cables, FSO proves to be the more efficient technology than 

fiber optic communication. Free-space optical 

communication (FSO) is an ancient technology that uses 

light t0 propagate in free space to wirelessly transmit data 

for telecommunications or computer networking. "Free 

space" means air, outer space, vacuum, or something 

similar. This contrasts with using solids such as optical fibre 

cable. The technology is useful where the physical 

connections are not practical due to some reasons, in various 

forms, have been used for thousands of years. The Ancient 

Greeks used a coded alphabetic system of signalling with 

torches developed by Some scientiests. In 1880, Alexander 

Graham Bell and his assistant Charles Sumner created the 

photo phone, at Bell's newly established Volta Laboratory in 

Washington, DC. Bell considered it as his most important 

invention. The device allowed for the transmission on the 

beam light for a sound. 

II. FSO COMMUNICATION SYSTEM 

FSO communication works on a (LOS) line of sight 

technology that uses a laser beam for sending the very high 

bandwidth data from one level to another through 

atmospheric channel. This can be done by applying a 

modulated narrow laser beam by transmitting through the 

transmitter antenna in the atmosphere and subsequently 

received at the receiver antenna. FSO system is illustrated as 

in the figure 2 given below. It is the basic block diagram for 

FSO communication system. 

A. Transmitter 

Transmitter section transforms the electrical signal to an 

optical signal and it also regulates the laser beam for   

transmission of data signals to the recipient through the 

atmospheric channel. The transmitter consists of four 

characters as indicated in Fig.1 laser modulator, driver, and 

optical source and transmit telescope. 

 
Fig. 1: Block diagram of FSO [3] 

1) In Laser modulations the data were extended by a laser 

source. This technique implemented in two common 

methods first internal modulation and second external 

modulation [4]. The procedure which passes in the laser 

resonator is known as internal modulation and it 

depends on the change the additive components and 

intensity of the laser beam according to the data signal. 

In the external modulation occurs outside the laser 

resonator and it depends on the refractive dual 

phenomenon and polarization phenomena. 

2) Driver circuit is used to convert the electrical signal to 

Optical signal by varying the current which goes 

through the light source. 

3) Optical source converts the electrical signal to an 

optical signal. It may a laser diode or light emitting 

diode in which a laser diode produces optical radiation 

by the stimulated emission and also laser diode emits 

light that is highly non-chromatic and very directional 

i.e. The laser diode has a narrow spectral width and 

small beam divergence angle. There are II cases of laser 

diode ND: 

Y AG solid state laser and Fabry- Perot and distributed 

feedback laser (FP and DFB) [5]. The selection for laser 

diode in FSO communication depends on various 

matters. 

These include [6]. 
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 Price and availability of ingredients. 

 Transmit power, lifetime. 

 Modulation capabilities. 

 Eye safety. 

4) Transmitter telescope is used to collect and climates 

,directs the optical signal in the direction of the receiver 

telescope i.e. at the opposite end of the channel. 

B. FSO channel 

In FSO links to collect is the climates, on medium. The 

auraConsists of serial publication of numerous gas layers 

surrounding the globe. The atmospheric layers are the 

homosphere, troposphere, stratosphere and mesosphere 

[7].These layers are separated by their temperature gradient 

with  respect to the height. In FSO communication, we are 

concerned in the troposphere because this is where most 

weather phenomena occur and FSO links operate at the 

lower portion of this layer [7]. The troposphere is primarily 

composed of nitrogen (N2, 78%), oxygen (0, 21%), and 

argon(Ar, 1 %), but there are a number of other factors also 

such as water (H2O, 0 to 7%) and carbon dioxide (CO, 0.01 

to 0.1%),present in diminished measure. Besides these there 

are other small particles also such as haze, fog, dust, and soil 

[8] that contributed to the constitution of the air. The 

propagation characteristics of FSO through atmosphere 

drastically change due to the communication environment, 

especially, the effect  of weather condition is substantial. 

The principal effects on  optical wireless communication are 

absorbed, breaking up, and scintillation [9]. 

C. Receiver 

The receiver optics consists of five sections as indicated in 

Fig.2 receiver telescope, optical fIlter, detector, amplifier 

and demodulator. 

1) In the receiver telescope, it collects and focuses the  

incoming optical signal along the photo sensor. Larger 

the receiver telescope, then it takes in more multiple 

uncorrelated radiation and focuses their average on the 

photo detector [10]. 

2) By inserting the optical fIlters that will allow mainly 

energy at the wavelength of interest to impinge on the 

detector and reject energy of unwanted wavelengths, the 

essence of solar illumination can be significantly 

minimized. 

3) The sensor is a semiconductor device which changes 

the light energy into an electrical signal. The diodes are 

generally capacitive charged and turn back-biased [11]. 

The two most commonly used photodiodes are the pin 

photodiode and the avalanche photodiode (APD) 

because they have good quantum efficiency and are 

made of semiconductors that are widely and easily 

available at commercially [12]. 

III. DIVERSITY 

Diversity technique is one of the most effective techniques 

to overcome the effect off ading. The main idea behind the 

diversity technique is that the amount of fading will not be 

the same for all the optical wavelength, polarization, space, 

and time in the atmospheric channel which acts as a random 

media for propagation of signal. If one signal is faded 

deeply at some point of time then another path which is 

independent to the first path may have less fade and it may 

receive stronger signal. As there are more than one paths of 

received signal to select from, a large amount of 

improvement can be found in both the average and 

instantaneous SNR. Various types of diversity techniques 

are used to overcome the effect of fading which include 

wavelength diversity, time diversity ,spatial diversity, 

polarization diversity and angle diversity. The SNR 

improvement is achieved using diversity without increasing 

the bandwidth and transmitted power [10].The limitation of 

this technique is that the system complexity and cost 

increases. 

Diversity Combining Techniques At the receiver 

the signal is to be processed so that maximum efficiency of 

the system is achieved. In communication receiver there are 

several diversity reception techniques to employ out of them 

and the most common techniques are:  

Selection diversity, Equal gain combining (EGC) and 

Maximum Ratio Combining (MRC) [10-11]. 

A. Selection Diversity: 

In selection diversity, the signal with highest received level 

is selected and switched to the receiver. This is the least 

complicated method of combining out of three as it has to 

process only one branch with maximum SNR value. The 

selection diversity combiner selects the branch having 

largest SNR values. As the output of selection diversity 

combiner selects largest SNR value, it is not required to find 

out the coherent sum of individual branches in the present 

technique. [12] 

B. Maximum Ratio Combining (MRC):  

MRC is the most advantageous combining technique in the 

absence of interference regardless the statistics of fading. 

However this most favorable combining method has the 

limitation of system complexity as MRC requires 

information of all channel fading parameters. The MRC 

technique is complicated compared to other techniques as 

the information of channel fading amplitude as well as 

channel phases are required and therefore is not practical for 

noncoherent detection [9-10]. 

C. Equal Gain Combining (EGC):  

The EGC receiver processes all the received copies of the 

signal, weights all of them uniformly and then adds them to 

generate the decision statistics [12-13]. This combining 

technique is less complicated compared to MRC as it does 

not need approximation of the fading amplitude as EGC 

weights each branch equally before combining. It is 

generally an attractive solution with coherent detection [12-

13]. The performance improvement is little bit lower in 

EGC as there is a possibility to combine the signals with 

noise and interference, with the high quality signals which 

are noise free. 
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IV. PROBABILITY DENSITY FUNCTIONS (PDF) TO MODEL 

ATMOSPHERIC FLUCTUATIONS THROUGH TURBULENCE 

A. Lognormal Distribution 

The log-normal models consider the log intensity I of the 

laser light travelling in the turbulent atmosphere to be 

normally distributed. Thus the PDF of the received 

irradiance is specified by [2, 21] 

 
Where, I is the irradiance at the receiver, Io is the 

irradiance of the signal in the absence of scintillation and _g 

D as given in equation. The log-normal channel is 

categorized as weak turbulence that could be described by a 

scintillation index less than 0.75. 

B. Gamma-Gamma Distribution 

Al-Habash et al., suggested a statistical model that factorizes 

the irradiance as the product of two independent random 

functions each with a Gamma PDF. Andrews et.al., 

suggested the modified Rytov theory , which describe the 

optical field as 

 
“Where  x (r, L) and y (r, L) are statistically 

independent complex perturbations which are due only to 

large-scale and small-scale atmospheric effects, 

respectively” [26-28]. The received irradiance is now 

defined as the product of two statistically independent 

random processes Ix and Iy. 

I = IxIy 

where Ix occur from large scale eddies and Iy arise 

from small scale eddies. Both the small scale and large scale 

fluctuations follow gamma distribution [26-27]. Gamma pdf 

is used to model small scale as well as large scale 

fluctuation that lead to the gamma-gamma pdf. The PDF of 

the intensity fluctuation using gamma-gamma pdf model is 

written by [15] 

 
“Where I is the signal intensity,  and _ are 

parameters of the PDF, _(.) is the gamma function, and K-_ 

is the modified Bessel function of the second kind and order 

-_. Here, and _ are the effective number of small- scale and 

large scale eddies of the scattering environment” [25]. These 

parameters can be related directly with atmospheric 

turbulence as [25]. 

 

 

 
Fig. 2: Negative Exponential Model 

In case of very strong turbulent conditions, and as 

the link length increases, the irradiance fluctuation becomes 

strong as the scattering of independent particles becomes 

large. The fluctuation of the optical beam traversing in such 

a condition is normally indicating a negative exponential 

statistics for the irradiance. 

 
Where, I0 indicates the mean received irradiance 

and I is the irradiance. Figure 2.7 shows the probability 

density function (pdf) of the negative exponential channel 

mode for different values of I0. 

 
Fig. 3: Probability density function of negative exponential. 

V. WAVELENGTH DIVERSITY TO MITIGATE THE EFFECT OF 

TURBULENCE 

Scintillation can be reduced using the wavelength diversity 

i.e. sending the same signal using more than one laser with 

different wavelength. The effect of fading due to 

scintillation can be reduced because of the fading is not the 

same for different wavelength at the same time. If we put 

three different lasers having wavelengths λ1, λ2 and λ3 and 

arranging the lasers vertically at different positions (heights) 

and similarly employing these three separate detectors at the 

receiver as shown in figure 4, the signals travelling through 

the turbulent atmosphere undergo different amount of 

intensity fluctuations for the three different links. At the 
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receiver, the signals are combined by a selective combiner, 

which results in better overall combined signal intensity. 

 
Fig. 4: Block schematic of wavelength diversity technique 

[6] 

Intensity fluctuation (λ1, t)≠ intensity fluctuation 

(λ2, t) ≠intensity fluctuation (λ3, t),where λ1, λ2 and λ3 are 

the wavelengths of the transmitters. As the normalized 

irradiation intensity at the receiver acts like a random 

variable, the SNR also becomes a random variable. Due to 

that probability of error also becomes a random variable. If 

the probability of error in link 1 with wavelength λ1, is 

Px1(x1), that of link 2 with wavelengthλ2, is Px2(x2), and 

that of link 3 with wavelength λ3 is Px3(x3), then generally 

Px1(x1) ≠ Px2(x2) ≠Px3(x3). By using the diversity 

technique described here takes advantage of the reality that 

the atmospheric propagation path of optical communication 

beam is statistically independent for different operating 

wavelengths and the intensity fluctuations and BER 

performance will be enhanced because of the joint 

probability of error is always less than the probability of 

error from individual channels. 

 
If Px1(x1), Px2(x2) and Px3(x3) are independent 

which the case is generally, then the probability of error is 

given as, 

p 1 2 3 (x1, x2, x3) =p 1 (x1) p 2 (x2) p 3 (x3) 

The wavelength diversity techniques that can be 

used under this situation are selection diversity, Equal Gain 

Combining (EGC) and Maximal ratio combining (MRC). 

Selection diversity which is used in this analysis here is one 

of the simplest diversity technique in which the signal with 

largest SNR is selected by the receiver. Let γ is the threshold 

value of SNR that must be achieved for proper 

demodulation at the receiver side and γk be the 

instantaneous SNR of the kth branch. If there are M links 

(M transmitters and M receivers), the probability that bit 

energy to noise ratio of all the links are below the threshold 

γth is 

 
Where, Pout is the outage probability which is the 

probability that the instantaneous SNR falls below the 

threshold i.e. sensitivity of the receiver. The effect of fading 

is due to the scintillation that can be reduced because of the 

fading is not same for different wavelengths at the same 

time. Using this  diversity technique, the same 

communication signal is transmitted with different 

wavelength. In that case the channel model which is given in 

equation  can be written as [8], 

  [8] 

where Pout is the outage probability. The intensity 

of the optical signal falling on the detector is a random 

variable, and so as the BER . Random fluctuations of the 

atmospheric refrective index n occurs along the propagation 

path of the optical beam due to atmospheric turbulence. This 

refractive index fluctuation is due to the random variations 

in atmospheric temperature which results in the fluctuation 

of the received optical power . Assuming that Pout, m is 

independent for each of the M wavelength channels which is 

generally the case, the intensity fluctuation will be different 

for different wavelengths. The probability of fading due to 

that cannot be similar at the same time for different 

wavelength. Since all the communication links are 

independent from each other, the total outage probability of 

FSO system will correspond to the probability of outage of 

all the M links with different wavelengths as shown in 

equation. 

 
where the final product expression is valid as 

fading by each link is assumed independent. Now, the 

outage probability for M independent link can be given as 

Figure shows the outage probability for diversity conditions 

and selection combining. 

. 

It shows a plot between threshold values of SNR 

(in dB) versus outage probability for different number of 

channels. As shown in the figure, for the case of threshold 

SNR to Average SNR value of -40 dB, the outage 

probability is on the order of 10-2, 10-4 and 10-6 

respectively for single link, double link and three links. It is 

also clear that outage probability decreases with the increase 

of the number of elements (M) in the communication link. 

The outage probability can be reduced further by using more 

number of communication links but there is a compromise 

between system complexity and cost.. 
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Fig. 5: Outage probabilty under diversity conditions[8] 

 

VI. CONCLUSION 

Thus we conclude that the BER and quality factor of FSO 

communication link can be done better by using this 

technique of diversity. It is capable of doing full duplex 

communication for voice data & video. The fundamental 

challenge in FSO is the performance of transmission link in 

presence of attenuation & scintillation which decreases the 

reliability of FSO technology. Wave length diversity is a 

prospective approach to mitigate the atmospheric turbulence 

effect. The proposed wave length diversity based FSO 

technique is capable to provide reliable link between 

transmitter and receiver with better performance in terms of 

channel capacity & BER. 
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