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Abstract— With the increasing demand of internet, 

communication engineers move forward to new 

communication system known as optical communication. 

With the advent of optical communication we are able to 

design a high speed internet with a minimum speed of 

10Gbps/sec and the maximum speed up to 160Gbps/sec. (1, 

2) The challenge is to handle the issue of chromatic 

dispersion and attenuation. Another important issue to design 

a WDM system is cabling. To overcome these cable 

problems we can move forward to free space optics (FSO) 

which gives high data rates and also low costs and having 

easy maintenance which gives as an end user solution. The 

goal of this paper to design a free space optical link for 

32×40Gbps (1Tbps) system with dispersion compensation 

mechanism over 5 km. The analysis is done on the basis of 

eye pattern obtained after simulation on Optisystem software. 

In this paper we design a free space link with 32 channels 

and also controlled chromatic dispersion by introducing pre 

compensation and fiber Bragg grating. 

Key words: FSO, Free Space Optical Link for 32×40 GBPS 
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I. INTRODUCTION 

Fiber optic communication proven a milestone in 

telecommunication industry It completely revolutionized the 

data networking community. By using optical fiber 

communication we find incredible capacity that fibers are 

moving toward, a12-Gbps signal has the capability to 

transmit any of the following per second, 1100 books, 

129,000 voice channels Optical communications made it 

possible to build a communications links over much greater 

distances with higher data rate and also with much lower 

levels of loss in the transmission medium .Also with the 

help of optical fiber, higher data rates can be achieved  as 

compared to other transmission medium such as coaxial 

cable and  microwave. As the demand further increases, it is 

required that number of high bandwidth demanding services 

all over the world leads developers to find new 

communication techniques for the end user. Hence we can 

switch to fiber-to-the-home (FTTH) services (3,4). The 

fiber-to-the-home deliver the high data rates to the user but 

the disadvantage that fiber is generally not available or 

installed at each places or the cabling costs are too much 

high. To overcome these cable problems we can move 

forward to free space optics (FSO) which gives high data 

rates and also low costs and having easy maintenance which 

gives as an end user solution. The data rate of FSO is given 

by 

 
FSO system also known as optical wireless 

communication (OWC) .In optical wireless communication 

infrared waves is used as a carrier signal and the atmosphere 

works as a transmission medium. Transmission medium 

may be water or dust or air. Low cost laser diodes are 

available in the market so the commercial FSO systems are 

operated near the infrared region of the electromagnetic 

spectrum. PIN and avalanche photodiode (APD) are used at 

a receiver. The FSO systems can be used at 2.7 GB/s rate at 

the optical wavelength. 

The demand of more bandwidth for longer ranges 

raises the operation of these systems to longer wavelengths 

this happens because of laser diodes. Laser diode can 

provide more optical power (between 1500nm-1650nm) 

range. We utilized optical amplifier such as Erbium-doped 

fiber amplifiers (EDFAs).EDFA allows for more optical 

power can be used at these wavelengths and thus the range 

of the optical system can be increased. In present scenario 

FSO has been used in many applications such as Short-range 

wireless communication links which can be used to provide 

network access to cellular or wireless devices and existing 

fiber optic communication used in military applications 

.FSO can also be used in laser communications in outer-

space links. 

One can also used FSO in indoor wireless 

application such as LIFI sometimes indoor optical wireless 

communication is known as wireless infrared 

communication and outdoor optical wireless communication 

is called as free space optical (FSO) communication. With 

the help of FSO technology one can access broadband 

communication using unlicensed optical wavelengths. As 

compared to other technology FSO has several advantages 

such as faster installation having low cost and no need to 

install cables into the ground. Hence FSO is preferred over 

fiber technology. 

Because of these advantages FSO used in 

microwave technology. But the attenuation is occurs when 

communicating through atmospheric channel as the received 

signal is open to attenuation because of the unknown 

weather conditions. Also FSO link is affected by the 

variations in temperature. 

 
Fig. 1: Block diagram of FSO channel 

Because of fading bit error rate (BER) and 

transmission delays is increased. And pressure of the 
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atmosphere. Due to change in temperature and pressure 

refractive index variations occur which results as fading. 

Fading can be ignored as the fading degrade the 

performance of FSO. 

Eye safety is an important parameter when talking 

about FSO. FSO having a high power laser beams which can 

cause serious injuries to eyes. Sometime it affects the skin 

also. Laser generate beams within the wavelengths between 

400 nm to 1400 nm is absorbed by the eye and damage the 

retina. Above such wavelengths serious injuries persist in 

the lens and the cornea of eye. Hence it is required to follow 

the laser safety standards by the manufacturers and the 

service providers. The safety standards give guidelines 

about the safety of the FSO system equipments and the 

safety of the FSO users. Lasers are divided into two classes 

first is Class 1 lasers which is safe and the second is Class 

1M lasers which is unsafe should only be installed in 

locations where user directly not interact the beams. 

II. EFFECT OF BER ON FSO LINK 

Bit-Error-Rate is strongly depends upon the average 

received power and the scintillation over the effective 

aperture in combined with the receiver noise. At the receiver 

Johnson and shot noise is generated. The level of noise is 

decided by the decision level setting at the receiver. At low 

data rates fluctuations is minimum but when we talk about 

high data rates than atmospheric fluctuation is big issue. 

When the data rate increases large number of bit is 

transmitted therefore bit error rate continuously changes 

with respect to fluctuation. When we not consider the 

turbulence then BER can be calculated by considering the 

errors result from receiver noise. The error rate can be 

calculated from the shot and Johnson noise generated at the 

receiver. There is another dominating factor that adds the 

noise due to turbulence. In the optical FSO link BER 

calculations affected by the intensity fluctuations due to 

turbulence. The average BER can be calculated for different 

log intensity. Many techniques used for detecting the signal, 

one is to decide the threshold level with the help of 

threshold device. When the output of the detector increases 

with respect to threshold level it indicate that signal is 

present. If signal is below the threshold level than this is 

known as mixed detection (5). The biggest obstacle to 

design the FSO link is attenuation due to whether condition 

.When light travel in the medium it get attenuated due to 

unknown weather condition. Typical attenuation values of 

three conditions clear, fog and haze are 0.43dB/km, 

43dB/km and 4.3 dB/km respectively Absorption and 

scattering are of light beam are generated. An atmosphere is 

a layer of gases surrounding a planet or other material body 

material of sufficient mass that is held in place by the 

gravity of the body. An aerosol is defined as a colloidal 

system of solid or liquid particles in a gas. Aerosol includes 

both the particles and the suspending gas, which is usually, 

air. Fog is a thick cloud of tiny water droplets suspended in 

the atmosphere at or near the earth’s surface that obscures or 

restricts visibility. Smoke is a visible suspension of carbon 

or other particles in air, typically one emitted from a burning 

substance and Dust is a fine powder made up of very small 

pieces of earth or sand. FSO has really cost and time saving 

advantages. For example, FSO installation does not require 

digging streets and there is no need for permission from 

authorities for installation. FSO equipment is placed on a 

roof or wall. The devices used in FSO are portable and 

quickly shift from one place to another very easily. So we 

get hassle free communication even in temporary 

installations like live concerts or festivals. Due to the 

composition of the atmosphere three major effects are 

produced known as absorption, scattering and scintillation 

(6, 7). This effect can be calculated using various models. In 

this thesis we utilize a post compensation technique in 

which DCF is connected before the SMF also fiber Bragg 

grating is used In this paper we utilize a post compensation 

technique in which DCF is connected before the SMF also 

fiber Bragg grating is used. 

III. PROPOSED FSO MODEL 

 
Fig. 2: Layout of proposed system 

This electric signal output from the photo detector is filtered 

in low pass filter. In the design of the receiver, PIN detectors 

and Bessel low-pass filter whose bandwidth is 4 × Bit rate 

and cut-off frequency is 0.75 ×Bit rate are selected with 

built-clock recovery and decision making circuit BER 

analyzer is used to get the results. Transmission medium 

may be water or dust or air. Low cost laser diodes are 

available in the market so the commercial FSO systems are 

operated near the infrared region of the electromagnetic 

spectrum. PIN and avalanche photodiode (APD) are used at 

a receiver. The FSO systems can be used at 2.7 GB/s rate at 

the optical wavelength. The behavior of WDM system is 

defined by two important parameters is BER & Q-factor and 

simulation results represent by Eye diagram. It is powerful 

measurement tool for assessing the data-handling ability of a 

digital transmission system. The Eye pattern measurement 

are made in the time domain and allow the effects of 

waveform distortion to be show immediately on the display 

screen of standard BER test equipment that is BER analyzer. 

Optical fiber suffers from dispersion due to fiber 

material nonlinearities and the distance, signal travels inside 

the fibers. So this dispersion has to be minimized by some 

methods. Using the DCF is one of the methods to 

compensate the dispersion due to single mode fibers. The 

DCF are analyzed with various modulation schemes at 

higher data rate configuration for defining the optimum 

result. To reduce the chromatic dispersion in FSO link we 

required a dispersion compensation technique. Fiber grating 

is chosen as important component to compensate the 

dispersion in optical communication system In this work 
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post compensation used along with the fiber Bragg grating 

(FBG.) for 5 km FSO link in  fiber optic system 

IV. SIMULATION PARAMETERS 

Fiber Parameter SMF FSO 

Length(in Km’s) 1 km 5 km 

Dispersion 16ps/nm/km  

Reference wavelength 1550 nm 1550 nm 

Loss(Dbm) 0.2db/km 2db/km 

Sequence length 128 bits 

Sample per bit 64 

Input power 30dbm 

Bit rate 40e+009 

Table 1: Simulation Parameter 

V. RESULTS 

We can use different analyzer for different channel but for 

simplicity we can use only three analyzers as shown in 

figure. Below the eye pattern is generated by the three 

analyzers respectively. From the eye pattern it is clear that 

one can successfully transmitted over 5 km at minimum bit 

error rate. 

 
Fig. 3: Eye pattern generated by analyzer 1 for channel 1 

 
Fig. 4: Eye pattern generated by analyzer 2 for channel 8 

 
Fig. 5: Eye pattern generated by analyzer 3 for channel 32 

Parameters C1 C8 C32 

Max. Q 

factor 
68.0562 25.4482 101.558 

Min. BER 0 2.44107e-143 0 

Eye height 0.00212363 0.000196386 0.000223507 

Threshold 
2.17453e-

005 
2.3059e-005 

2.18035e-

005 

Decision 

inst. 
0.5 0.5 0.5 

Table 2: Parameters 

In this paper we also analyze the effect of different 

weather condition on proposed design. The biggest obstacle 

to design the FSO link is attenuation due to whether 

condition. When light travel in the medium it get attenuated 

due to unknown weather condition. Typical attenuation 

values of clear, and haze are 0.43dB/km and 4.3 dB/km 

respectively. 

 
Fig. 6: Eye pattern generated for clear condition 

From the above simulation it is clear that weather 

condition impact on FSO link. By examine the eye pattern it 

is concluded that for upper and lower channels weather 

condition less impacted the quality factor and bit error rate.  

 
Fig. 7: Eye pattern generated for haze condition 
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VI. CONCLUSION 

In this paper it is concluded that the it is clear that weather 

condition impact on FSO link. By examine the eye pattern it 

is concluded that for upper and lower channels weather 

condition less impacted the quality factor and bit error rate. 

But the channels in the middle have great impact of these 

weather conditions. As shown in table channel 1 and 

channel 32 quality factor is not so affected. But the quality 

factor of channel 8 is degraded due to fog condition. 
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