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ABSTRACT

Free Space optics has been emerged as leading
communication technology in recent years.. It is an optical
communication technology which uses light to propagate the
data wirelessly in Free Space. The word ‘Free Space’ exactly
means environment, outer space or vacuum. This technology
provides high data rate and can handle large amount of
information. It uses the Line Of Sight (LOS) path for
transmission. In this paper, discussion about various
technologies, different gain and loss occurred during the
transmission path. Moreover challenges based on modern and
real life applications are then described and also some
alternatives have been suggested in order to improve them in
future.
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1. INTRODUCTION

Communication has become vital part of our day to day
routine. Communication means transferring information from
one place to another using some medium and this medium
plays a significant role. Different services are used to transmit
information like voice, video, text, data etc. Now-a-days there
is a big demand of these services and also demands of
transmission capacity. So for the higher data rate and great
bandwidth, light technology has been used[1, 2].

Fiber Optics is essential for worldwide Broadband network.
With increasing number of users there is a need of wide
bandwidth network that can also provide low delay in
transmission. Optical fiber provides enormous transmission
bandwidth with negligible latency [3]. As they offers
numerous advantages such as negligible EMI, high data rate
and low carbon footprints optical fibers are used to carry large
data transmission for real time communication[4]. FSO
employed to handle high data rates in unregulated spectrum.
OWC special FSO offers alternate means to communication
where signal can only be transferred through free space. The
main disadvantage of utilizing FSO is it needs direct Line of
Sight for establishing a communication link between
transmitter and receiver [5-42.]

In 1970s, prior to the use of FSO was confined to military
applications. First full duplex FSO link of 14 Km distance
between Yokohama and Tamagawa using the He-Ne Laser of
0.6238 Micrometer was made by Nippon Electric
Company[5]. Block diagram of FSO is given below which
shows the description of FSO system. Source acts as
information that is to be sent through the link. This
information is passed on to the modulator where optical
carrier; Laser or Led which is the fed into the transmitter unit
where this modulated carrier signal along with information
signal is passed on to the atmospheric channel. At the
receiver end, the information is received and then detected.
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Fig.1 FSO Communication System [9]
2. CHALLENGES IN FSO

Absorption and Scattering Loss: The laser beams have to
interact with gas molecules and particles present in the
atmosphere when it propagate through the earth’s atmosphere.
The absorption and scattering is the main reason of the loss in
atmospheric channel [43-44].

FOG: Due to fog there is an atmospheric attenuation as it
results to both absorption and scattering. There will be a high
attenuation which is more than 350db/km during dense fog
conditions [45].

RAIN: The impact of rain is not more like the fog. The drops
of rain are larger in size than wavelength used in FSO
communication. There is a 2.5mm/hr attenuation loss in light
rain and 25mm/hr attenuation loss in heavy rain. [46-47]

SNOW: The size of snow particles are between fog and rain
particles. The attenuation due to snow is more than rain but
less than fog. The attenuation is ranging between 30-
350db/km[48].

3. STUDY RELATED WORK

In 2007, a study regarding free space communication, which
is having high bandwidth. Free space communication is cost
effective. In this paper, there is a discussion about the defects
which decrease the performance of the link. The turbulence
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induced fading, decrease the performance of the link. To
improve the performance, the special diversity can be used
over FSO links. The other reason which degrades the
performance is rain, fog, snow etc. [49]

In 2010, FSO become more interesting as an alternative to
radio frequency communication. In this paper, there is
discussed about the gain and loss along the path while the
information is sent from source to destination through a
medium. There is a need of high speed and tap proof
communication system which is useful for free space optical
communication. These links were used for various satellites,
ground stations etc. These links are mostly used in military
and civilians contexts. [51]

In 2011, a study regarding the optical techniques which are
used to improve the error rate and distance coverage of free
space optical communication system. By using optically
amplified and forward (OAF) technique, the received optical
field is amplified at each relay. Optically amplified and
forward (OAF) increase the BER performance but is degraded
by background light. The optically regenerate and forward
(ORF) relaying technique is introduced to remove the
background noise. By using two equally spaced OAF relays, it
increases the communicating distance by 0.9 km while using
two equally spaced ORF relays it increase the range up to 1.9
km. In this paper, there is a comparison between ORF and
OAF system by calculating BER, relays, signal to noise ratio,
maximum accessible distance. At BER=10-5, these
maximum distance 4.5 km of ORF system is obtained with
M=2 relays and SNR=29db which is 1.9 km (73%) more than
that of OAF system and also 2.8 km (167%) more than that of
direct transmission. [52]

In 2014, a brief survey on free space optical communication is
presented. It describes various free space optical channels,
transmitter and receiver structures. It provides details on
limitation on FSO channels and also suggests some
alternatives to improve it. It includes various advances in
modulation channel coding, spatial techniques, diversity
techniques etc. [53]

In free space optics technology a lot of researches has been
done and there is significant improvement in some features
which are used to enhance the performance of the system such
as data rate, easy deployment, low power requirement etc.
however, in spite of these improvements in technology, the
performance is degraded by some effects such as absorption,
scattering, turbulence etc. In 2016, a paper describes a survey
on various challenges faced by FSO for communication
between ground to satellite, satellite to ground and inter
satellite. It also describes the orbital angular momentum
technique in order to provide high capacity for
communication links. [54]

A study in 2017, has designed 100gbps free space optical
system (FSO) by using optical code division multiple access
(OCDMA) technique along with mode division multiplexing
(MDM). In this technique, they have used ten channels with
data rate of 10Gbps over a range of 8km. Random diagonal
codes are used. The performance of the system is evaluated
under the atmospheric turbulences. Specific results show that,
under the clear weather conditions acceptable BER is obtained
at a range of 8km. When there is light fog acceptable BER is
obtained over a range of 1500m. When the light fog is
increases then FSO link is obtained over a range f 1250m with
acceptable BER. On further increasing the fog to heavy level,
the results can be obtained only up to 1000m with acceptable
BER. [55]
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4. CONCLUSION

Research is a thing that never ends. As the data rate
requirements are increasing day by day there is a need to
switch from traditional RF systems and Fiber optics to Optical
Wireless Communications. Free Space Optics system is
unprotected from atmosphere effects like fog, snow, rain etc.
Various techniques implemented to resist atmospheric
turbulences effects on the quality of received signal. Initially
various methods were proposed for FSO communication such
as error control codes, modulation, adaptive optics etc. OAF
and ORF techniques are used which take advantage of
multihop link. By implementing these corrective methods,
large capacity of FSO systems can be harnessed and be used
in place of existing systems. The advantages of FSO, its
bandwidth, security, and its disadvantages such as line of
sight requirement, susceptibility to weather etc. Researchers
have used different techniques. MDM OCDMA performing
the best. It allows ten channels over single FSO link resulting
in saving a bandwidth. Thus it is concluded that FSO systems
has a very high prospects in near future of communication.
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