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Abstract
FSO enables us to provide last mile transmission reach with the 
above advantages without laying any fiber or cable. Inherent 
security and no electrical hazards are its inherent advantages. In 
this paper we have analyzed the performance of free space optics 
communication system. We have analyzed three transmitters 
(NRZ system, duobinary system and CSRZ system) with different 
attenuations values (varies with different weather conditions). We 
have also studied the effect of beam divergence and transmitter 
losses.
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I. Introduction
Free Space Optics (FSO) is a promising technology, which offers 
a good alternative to the wired or wireless RF last mile systems. 
Without any fiber FSO systems enables us to transmit information 
successfully to a few hundred kilometres. Optical Wireless is 
an excellent alternative to wired or wireless last mile systems 
because it has many advantages over the RF systems, very high 
bandwidth , large data rates, security, immunity to electromagnetic 
interferences, unlicensed and easy deployment are some of it large 
number of advantages. It can be operated in a point-to-point mode 
to interconnect two locations or also in a point-to-multipoint mode 
for broadcasting.
A Free Space Optics system (FSO) is a very flexible broadband 
access solution providing high data rates without long cabling to 
access backbone networks. In comparison to other wireless access 
technologies (e.g. point-to-point radio systems) a FSO system has 
outstanding advantages like higher bandwidth, better ability to 
concentrate beams, simpler assembling and disassembling, better 
beam bundling, no license fees for the usage of radio channels, 
better security against wiretapping.  Free Space Optics (FSO) is 
a very fast and reliable endorsement to radio links using light 
to transmit data. Free-space optical offers license free, secure 
communications over a line-of-sight link. It can provide cost-
effective high-speed connectivity suitable for long-haul inter 
satellite and interplanetary links due to significantly reduced 
diffraction losses relative to incumbent RF technologies [1-3]. 
The frequencies used by the lasers in the FSO systems are generally 
between 750 and 1550 GHz and do not require special licensing 
like other wireless devices. Free-Space Optics systems transmit 
a conical shaped beam of light with the beam expanding more 
and more as it leaves the laser and goes through the atmosphere. 
The conical shapes differ from one another in size; some designs 
send a very narrow beam and other designs send a wider beam. 
The reason for this difference is the fact that tall buildings will 
sway back and forth due to strong winds and earthquakes leading 
to induce pointing error. Since the systems are usually installed 
at the top of buildings the units can move in and out of the beam 
of light when the building sways, losing synchronization with 
one another. 

Long distance outdoor Free-Space Optical (FSO) links are highly 
vulnerable due to the degrading effects of atmospheric turbulence 
and pointing errors. As a result of variations in the refractive 
index, atmopsheric turbulence causes irradiance fluctuations in 
the received signals (known as fading or scintillation) propagating 
along a horizontal path near ground. Turbulence-induced fading 
degrades the link performance particularly for distances of 1 km and 
above [4]. The effects of misalignment and atmospheric turbulence 
on terrestrial FSO link performance have been investigated 
together for first time in [5]. Inhomogeneities in the temperature 
and pressure of the atmosphere lead to variations of the refractive 
index along the transmission path. These index inhomogeneities 
can deteriorate the quality of the received image and can cause 
fluctuations in both the intensity and the phase of the received 
signal. These fluctuations can lead to an increase in the link error 
probability, limiting the performance of communication systems. 
Aerosol scattering effects caused by rain, snow and fog can also 
degrade the performance of free-space optical communication 
systems [6-7].
Attenuation is caused by the weather conditions along the 
transmission path. Generally, there is low atmospheric attenuation 
during clear days and high attenuation during foggy days. The 
reliability and availability of a FSO-link is mainly determined by 
the local atmospheric conditions, in free space the transmitted light 
is reflected, refracted or absorbed by objects, rain, fog, wind or sun. 
All these parameters directly influence the quality of a FSO-link 
and indirectly affect the quality of an Access Network. Attenuation 
besed attenuation there many other factors that degrades the 
performance of the system. These factors are transmitter losses, 
receiver losses, and geometrical losses. The power of transmitter 
is also a important factor. The transmitter losses are the fiber-
telescope coupling and transmitter efficiency losses. The receiver 
losses are telescope-fiber coupling and receiver efficiency losses. 
Additional losses are the losses due to scintillation, mis-pointing, 
etc. Free Space Optics (FSO) communications [8], refers to the 
transmission of modulated visible or infrared beams through the 
atmosphere to obtain optical communications.
The key challenge of FSO based communication system is dense 
fog. Haze, mizzle, snowflake, sleet, dirt or filth and a variety of 
amalgamation of each can also sway the FSO performance. Fog is 
vapour composed of dew, which are only a few hundred microns 
in diameter but can alter light characteristics and also entirely 
obstruct the transmitted light by means of absorption, scattering 
and reflection. Though, the usage of apposite power, based on 
atmosphere conditions in addition to usage of spatial diversity 
(multiple beams within an FSO based unit) aid to sustain the 
required level of network accessibility.

II. Experimental Set-Up and Results
The experimental set up of the analysis of the Free Space Optics 
communication is as shown in the fig. 1. In this set up, optical 
transmitter is used with optical receiver through a FSO(Free 
Space Optics) channel. The FSO channel is the component that 
models a Free Space Optics (FSO) channel. It is a subsystem 
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of two telescopes and the free space channel between them. We 
have done simulation using the different parameters of the FSO 
channel such as attenuation, transmitter losses and receiver losses. 
At transmitter side, we used three different transmitters i.e, (NRZ 
system, duobinary system and CSRZ system). All the simulation 
results have been taken at bit rate of 10Gbps. Additional losses 
are not included in the simulation. 

Fig. 1. Experimental Set-Up

Here in this simulation, we have analyzed three systems with 
different values of the beam divergence. The power is set to 1mW 
and additional losses are not introduced. With the increase in value 
of beam divergence, the performance of three systems degrades 
as shown in fig. 2. The performance of the NRZ system is better 
than duobinary and CSRZ system. For beam divergence = 1, NRZ 
system have Q factor is upto 26, whereas duobinary and CSRZ 
system have Q factor = 5.

Fig. 2. Plot Between Beam Divergence and Q-Factor

For evaluating the performance, we have analyzed three 
transmitter for free space optics communication by using the 
different attenuation values. These attenuation values vary with 
the different weather conditions. Here, we have taken attenuation 
values from 10 to 90dB/km. As the attenuation increases, the 
Q-Factor performance decreases for NRZ and CSRZ system, but 
there is very less variations for duobinary system. The overall 
performance for the different values of attenuation is better for 
NRZ system, which gives high Q-Factor value for low values 
of attenuation, but falls as attenuation increases as shown in the 
fig. 3.

Fig. 3: Plot Between Q-Factor and Attenuation

As shown in the fig. 4, here in this simulation, we are varying 
the power at the transmitter side. With increase in the power at 
transmitter side, NRZ system responds good as compared to 
other systems. Also, duobinary have shown less variations as we 
increased the power. The CSRZ system have better response than 
te duobinary system. We have also analyzed the three systems for 
the transmitter losses and receiver losses as shown in fig. 5 and 6. 
From the results, it is observed that the performance degrades for 
the increase iin both transmitter and receiver losses.

Fig. 4: Plot Between Q-Factor and Power

Fig. 5: Plot Between Q-Factor and Transmitter Losses
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Fig. 6: Plot Between Q-Factor and Receiver Losses

We have also analyzed the system performance using receiver 
aperture diameter. It is the aperture diameter of the receiver 
telescope. It is observed from fig. 7, that as we increase the receiver 
aperture diameter, the Q-factor value increases. This increase in 
Q-factor value for the NRZ system is more as compared to the 
CSRZ and duobinary system. For this simulation, the CSRZ and 
duobinary system have almost similar response.

Fig. 7: Plot Between Q-Factor and Receiver Aperture Diameter

III. Conclusion
In this paper, we have studied the performance of three transmitters 
for free space optics communication. For evaluating the 
performance we have used many parameters such as attenuation, 
beam divergence transmitter and receiver losses. From the 
simulation results, it is concluded that the NRZ transmitter as better 
performance for all these parameters as compared to duobinary 
and CSRZ systems. The effect of receiver aperture diameter 
is also analyzed for all systems. Also it is reported that with 
increase in attenuation and transmitter/receiver losses degrades 
the performance. It is observed that the beam divergence effects the 
performance of the system. In this paper, the overall performance 
of the NRZ system is better than CSRZ and duobinary system.
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