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ABSTRACT

In the recent past, free-space optical communication (FSO)
proved to be an important replacement to radio frequency
communication. In optical fiber cable communication, there is
a disadvantage that optical fiber gets damaged in a long
distance installation. Radio frequency communication also
deals with limitations of bandwidth and data rate. In this paper,
a brief description about free space optical (FSO)
communication and its connectivity with central cellular
network is explained. This paper also provides the information
about the role of free space optics in the central cellular
network. It contains an RF network, which has connections
within the Radio Access Network (RAN) and the Central
Network (CN) for connecting the mobile user subscriber to the
Public Switched Telephone Networks (PSTN) and Internet.
Moreover, free space optical communication paves the way for
a high bandwidth requiring applications with license free
operation, high transmission security, full duplex transmission
and protocol transparency will give a broader view to free
space optical communication.
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1. INTRODUCTION

Optical communication system can also be named as optical
telecommunication system. It was started in 1970 and works
in 800nm-1600nm wavelength range. In this system, light is
used for communicating the information. The bandwidth of
the optical communication system is 1000 times higher which
helps in easy launching of the objects. In this system, many
users communicate at the same time due to high bandwidth
easily. In the present scenario, optical communication
supports 300 THz bandwidth ™. In optical communication
system, the task is performed by using three parameters:
Transmitter, Channel and Receiver.

The function of the transmitter is to encode the message
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electrical signal into an optical signal. Semiconductor devices
are commonly used in optical transmitters like LED (Light-
Emitting Diodes) and LASER diodes. The difference between
the two is that, LED is used for short range communication and
produces incoherent light whereas LASER is used for long
range communication and produces coherent light.
Semiconductor optical transmitters should be highly efficient,
compact and reliable. It can be directly modulated at high
frequencies ™. A semiconductor LED emits light through
spontaneous emission. LEDs are very useful for low-cost
applications because of its simple design. A semiconductor
laser emits light through the spontaneous emission 71,
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The channel takes the signal to its destination. It is a flexible
and transparent fiber made up of high quality silica or plastic.
It works similarly as a waveguide for transmitting light from
one end of the fiber to another. It is mainly used for long
distance transmission and with higher data rates than wire
cables.

The receiver generates the message signal from the received
input signal. The photo detector is the prime component of
the optical receiver which converts light into electricity by
using the photoelectric effect. It is a semiconductor based
photodiode. PN photodiodes, PIN photodiodes and avalanche
photodiodes are the types of photodiodes. The coupling
combination of electrical converters, trans-impedance
amplifier and a limiting amplifier produces a digital signal in
the electrical domain from the incoming optical signal, which
may be attenuated while passing through the channel & 11,

Optical fiber communication has some advantages because
of which it has been used for a long time. It has extremely
high bandwidth and along with this, many users
communicate easily at the same time. It has a low
manufacturing cost with Bit Error Ratio (BER) of 10 [,
But it has some disadvantages also that it can only be done
through point to point communication and propagation of
light is unidirectional. But the disadvantages of optical fiber
communication are removed by Free Space Optical
Communication. It is defined as the technology which uses
light for propagating in vacuum or air to transmit data for
computer networking. This technology is helpful because of
high cost due to the impracticality of physical connections. It
is easy to deploy and has high bit rates and low bit error
rates. It is license free and used for long range operation. But
it has some ill effects like Atmospheric absorption, Beam
dispersionand Inference from background light sources

The remaining paper is organized as follows. In section I, a
detailed description about free space optical communication
isgiven and section Il involves the application of free space
optical communication in the central cellular network. The
paper is concluded in section V.

2. FREE SPACE
OPTICAL
COMMUNICATION

The communication through the cable infrastructure has
become a part of our past. Since optical fiber communication
is better in some respects like large distance
communicationup to 40 km without even requiring a repeater
device, flexible nature, which made it ready to be used
anywhere, duplex mode of communication, EMI
(electromagnetic interference) resistive nature and large
bandwidth supporting capacity. But apart from all these,
modern environment demands for more efficient bandwidth
utilization and better data sheet, which
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lead to a new mode of communication called as free space
optical communication. Since optical fiber cabled
infrastructure has failed to reach a fewer cellular end point.
But this limitation is removed by free space optical
communication. It uses free space for the communication
Pltajlrpose, so also known as fiberglass optics or optical wireless

A free space optical system uses simple on-off keying as
modulation format which allows a free space optical system to
be designed as bandwidth and protocol transparent physical
layer connection. In order to implement a free space optical
network, we need to have following two crucial components
as a part of it, radio access network (RAN) and central
network (CN). RAN provides the connectivity between the
mobile users and CN by using RF frequency signal as a
medium. RAN uses a base station and base controller, while
CN provides the PSTN for mobile to mobile telephony 4!,
The microwave RF signal is also used as a source of
connectivity.

Free Space Optical system has some advantages over the
optical fiber communication system:

e Ease of deployment: FSO system has replaced the
infrastructure based OFC system without letting its
performance down. Moreover, it is also cost effective
method and free from hassles of digging and burring the
cables.

e License free operation: FSO system requires no RF
license so it can be easily deployed. It is easily
upgradable and its open interface support equipment
from a variety of vendors, which helps enterprises and
service providers protect their investment in embedded
telecommunication infrastructure.

e High speed and bit rate: FSO communication is
incredibly fast and allows a data rate of 2.5 GB/s. This is
an ample amount of BW for transfer of files between two
ends. Moreover, these rates are expected to increase up
to a whopping are about 10 GB/s. Since in FSO, beam
confinement is so crucial and effective that two beams
operate almost independently and such diversity between
two information carrying beams provided virtually
unlimited degree of frequency reuse in any typical
environments.

e  Security: FSO is a very secure wireless system of
communication. Due to tight beam or beam confinement
nature required for transmitting a signal, a signal via a
laser to RX it is, it is practically impossible to crack that
information in the network. Since the laser beam cannot
be detected by a spectrum of RF meter so it is one more
credential in favor of FSO’S secure communication.
Moreover, one has to be in the line of sight between RX
and TX to be able to over drop the information.
However, if it is possible, then it would to receiving site
have lost connections there are no security upgrades that
are required for FSO. Figure 1 describes a general free
space optical network.
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Fig 1: A General Free Space Optical Network

Every technology comes with some weak points also which
will make alive the research in the topic. FSO has some weak
points as follows:

e Distance: The distance up to which an FSO system
communicates is not so large and is limited within 2 km
range. Although it is a power full system with great
throughput, but distance limitation is a big asset to its
use.

e Line of sight communication: A tight laser beam or a
more confined beam is critical in case of FSO, but LOS
in FSO is affected by another factor as:

o Fog: Dense fogs mainly affect the beam
confinement nature. It either completely traps the
beam or decreases its intensity after multiple
refractions, scattering and absorption. A method to
reduce this is to use it for short distances.

o  Atmospheric effect: The various atmospheric effects
that can really change the nature of the laser beam
or to reduce its power are absorption of the water
molecule, scattering by suspending particles in
nature physical obstructions or constructions in the
way of LOS and also the solar interference.
Scattering occurs when the wavelength of light
collides with a particle. The type of scattering which
occurs decided by the wavelength of light:

= If wavelength < scatterer size (Rayleigh
scattering)

=  If wavelength > scatterer size (Mie scattering)

Since in FSO lasers are used as transmitters and in FSO since
the communication occurs in free space, therefore a special
care has to be taken that laser beam does not affect our eyes or
the specific wavelength is important because only certain
wavelength between0. 4 and 1.4um are passed by eye on the
retina. So, strict international standards have been set for
safety and performance
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3. APPLICATION OF FREE SPACE
OPTICS IN CENTRAL CELLULAR
NETWORK

Free space optical products are embedded with cellular
networks as line of sight successor of earthly links in the
central cellular network. Free space optic products having
benefits of no cabling and no spectrum licensing. They offer
high speed data rate, with the capacity of optical fiber. The
main disadvantages of free space optic communications used
in practice are link reliability due to weather, and distance %!,
These parameters restrict free space optic links to a few
kilometers.

The laser has an important property of highly directional
beams. Free space optical system receiver is designed in such
a way to get a small divergence and concentrate less optical
energy on a receiver. Each and every optical transceiver is
pointed in a stimulating manner to another in the
communication process. Because of the environmental effects
like atmospheric pressure, air and thermal loading of
equipment and building structure, free space optical system
need to implement Pointing, Acquisition, and Tracking (PAT)
subsystems 161, The more difficult task is to develop PAT but
in RF communication transmitter and receiver have main
equipment. Travelling from point to point is non- trivial. The
divergence of the transmitted beam and the receiver field-of-
view has to be greater than the beam jitter in order to get exact
data.

Conventional Free space optic systems, first fiber sending end
transceiver convert an electrical signal into an optical signal.
Then in same side electrical signal is amplified by a laser
driver providing enough current to drive the laser diode. A
modulated light wave of laser diode is directed through the
channel to the corresponding receiver which focuses the light
beam onto a photo-detector 1 1821 At last the optical signal
converted back into an electrical signal. Figure 2 illustrates
the free space optical communication system
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Fig 2: Free Space Optical Communication System
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In wireless optical communication systems, light emitted
directly from a fiber termination to free space through an
optical antenna. At the receiver end, the transmitted optical
beam is focused, using the receiver optics, directly to a fiber
and then sent down the fiber for detection. Hence the
conversion of a signal from electrical to optical and optical to
electrical is removed, which give rise to bandwidth and
protocol transparent communication link and is also much
easier to integrate with cabled infrastructure.

We have studied for a long time about radio frequency and
free space optics because of their matching nature. Radio and
free space link communication, both have the capacity to use
both at a time. The combine use of both will have an
advantage on a single communication system. Both are
affected by environment crises. Free space optic links are
severely attenuated in foggy conditions, and microwave RF
frequencies are significantly attenuated by rain, due to
scattering that happens in case of rainy season. Optical
wireless allows high data rate and high throughput which is
advantageous in delay inconsiderate applications 22,

The transition from wired to the wireless network user by
maintaining the connectivity irrespective of user’s mobility
and geographical restrictions is fulfilled by the radio access
network. With increasing demand or expect levels of the
mobile user, the radio access network alone is not been able
to provide increased capacity and increased coverage with
limited radio resources. In earlier communication systems,
many base transceiver stations were connected to a Base
Station Controller, which takes the responsibility of Radio
Resource Management. But in an LTE advanced
communication system, eNodeBs are responsible for Radio
Resource Management decisions. Suitability of free space
optical links in the Radio access networks is accessed in this
communication system.

Newly developed cellular systems will support the user with
shorter distance between the user and the operating fixed
networks. This can be achieved by increasing the number of
antennas to 4 times while shifting from 3G to 4G
technologies. Coordinated Multipoint transmission and
reception, relay networks and distributed antennas are the
cost effective alternatives that will reduce to deal with
methodologies like cell splitting and sectoring, which will
increase the signal to noise ratio to and from mobile users.
Free space optical communication will present a pleasing
option of transmission of RF signals over optical fiber to link
wireless network connections. This is termed as Radio over
Fiber or RF Photonics 2. In this method, optical carriers are
used to place analog Radio Frequency signals and then
transmitted through optical fiber cables having high capacity.
In optical fiber transmitter modulation procedure, the optical
carrier is modulated with the radio signal. Optical fiber
offersa very small amount of attenuation and is free from
multipath fading. It is also protected from electromagnetic
interference. The restriction in installation of optical fiber
cables has proven the usefulness of free space optic
communication systems that are capable of replacing Radio
over Fiber links.

For low-bandwidth based services like voice services,
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advanced wireless systems are inflexible and cost-ineffective
because of regularly changing traffic properties and network
requirements. Path diversity is achieved from short multiple
hop links between network elements in mesh topologies
which are useful for free space optical communications. Large
frequency reuse makes it simple to execute and scale in a
mesh topology in free space optic links as compared to RF.
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The small service areas with low transmit power Pico-base
stations are known as Pico cells . They will reach out for
less mobile subscribers which are inside a building and
provide them with services. Since telecommunication
companies have spent a large amount of their financial
resource for providing optical fiber connectivity between
countries and cities but this connectivity is still unavailable
for many high data throughput requirement buildings. Thus a
significant problem of “last mile” is still present. Since it is
not possible always to lay down an optical fiber, as it is costly
as well as time-consuming. So Free space optic
communication systems are a solution of the “last mile”
problem, mainly in overpopulated urban areas.

4. CONCLUSION

The design of advance RF network is reliable for complex
meshes and good for a free space optics prospect. Generally
meshes are considered for short link displacements between
antennas. This short link provides reliability, speed, and
diverse nature of signal in temporary and bad weather
conditions. Free space optical link is more generic but
somewhat problematic, but we can achieve some invariable
applications. The mobility decreases as the distance increases,
but it can be removed by using spherical antennas. There is
work going on in a positive direction to increase the system
reliability and continuity, but the size and complexity of the
system also needs a solution in the near future. There is also a
need of stability in connectivity of mobile users because of
indoor and quasi-diffusion transmission. The main issues that
are hindering the growth are temperature loading effects, bad
weather conditions; storms, building, and vibrations. As
optical fibers have high bandwidth, which is the main factor
why still optical cables are used for long distance
transmission. Free space optical communication is for suitable
for short distance up to a maximum of 4 km. Due to
complexity of access points, Opportunities will grow for short
link transmission.
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