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Chapter 1

Introduction

Free space optical communication (FSO) is the future solution of the high speed data
transmission in wireless communication system. Very basic concept of this type of
communication is that a light signal generated by a LASER diode or LED, is used as a
carrier containing information transmitted through the atmosphere and a receiver which
contains a photo diode, receives the signal and converts it to the original information.
There are several advantages of free space optical communication over RF and optical
fiber communication which are the present trends of wireless and wired communication
for high data rate transmission system, like no license fee, less cost, high data transfer
rate in THz range, high security etc [5, p.3],[6]. There are different scenario like ground-
ground, ground-satellite, intersatellite, groun-aircraft, aircraft-aircraft links where the

FSO is used for high speed data transmission [5, p.3].

Bangladesh enters the modern era of communication with SEA-ME-WE 4 submarine
fiber optical cable with a bandwidth around 200 Gbps. Within 2016 Bangladesh will
get another 1400 Gbps bandwidth through SEA-ME-WE 5. Currently available band-
width is used for modern services like wired and wireless internet highspeed connectivity,
research network, backbone network, inter continental communication, secure military
application etc. Microwave and Fiber optics is used to build the infrastructure which
will handle this huge amount of data. But with increasing demand and consumption of
more and more bandwidth increases the price of service. As all operator or the concern-

ing companies have to pay more for license, infrastructure and maintenance. So if the
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feasibility of any other technology can be analyzed, keeping in mind that in near future

this technology can be used to handle huge data, that will save lots of time and money.

1.1 About Jatiya Kabi Kazi Nazrul Islam University

The university is named after our national poet Kazi Nazrul Islam. This university
is publicly appeared as a multidisciplinary university on 2006 in Trishal, Mymensingh.
This university is formed to facilitate the opportunity of higher education to people in
the Mymensingh region. The University is build on 41 acres of land. There are two
academic buildings containing three faculties and one administration building. Other
building structural constructions are on progress for expandation For supporting stu-
dent residence there are two hostel, one for male and another for female. There are
two more residential hostels are under construction. Vice chancellor of this university
is Prof. Dr. Mohit Ul Alam, a renowned poet, writer, researcher, visionary and a
multi-talented human being, under who’s guidance this university become a place for

cultivating knowledge.
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FIGURE 1.1: (Jatiya Kabi Kazi Nazrul Islam University

Electronics and Communication Engineering (ECE) is one of the department under the
faculty of science and engineering. The first batch of student intake is on 2010. there

are around 140 students in different academic semester. All of the faculty members here
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are very research oriented beside their academic work for nurturing and developing their
capabilities. Inspite of the insufficiency in resources all faculty members devote them-
selves in academic research. This environment is very positive in research development.
Currently with the finance from HEQEP, the department is building different kind of
labs starting from basic labs like electrical circuit lab to advanced level lab like wireless

network and communication lab.

1.2 Motivation

I am Kazi Md. Shahiduzzaman, a Lecturer of ECE, completed my Masters in Electronic
Engineering from University of Applied Science, Bremen, Germany. I was a student
researcher in German Aerospace Center (DLR) during my master’s thesis. There I have
enriched my knowledge on Free Space Optical (FSO) communication. After coming
back to Bangladesh, the technical advancement in communication engineering grew my
attention to make a review study about this. There I have found that Bangladesh is
using Fiber optics technology for backbone network all over the country. But I have
found the data usage increases rapidly day by day from BTRC annual reports. So a
new technology will be needed in very recent future to handle this huge data. This
motivates me to make a feasibility analysis on FSO in Bangladesh from the point of
view of the environment, power requirement, link length, scio-economical aspects and

miscellaneous.

1.3 Objective

The objectives of this project work are:

1. Study of the effect of environmental condition of Bangladesh on FSO.
2. Current technical trends for backbone network in Bangladesh through survey.

3. Design a FSO transceiver with simulator.
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Theoretical Analysis and

Development

2.1 Free Space Optical Communication

The free space optical communication is the future of the high speed and high capacity
data communication system. It is consider as one of the vital technologies for realizing
very high speed multi gigabit per second large capacity communication system. It offers
both indoor and outdoor wireless application starting from remote controlling, differ-
ent kinds of measurement, LAN, MAN and WAN, satellite to satellite communication,
satellite to ground communication, ground to ground communication, mobile commu-
nication etc. One of the most important features of this technology beside high data
rate is high transmission security. Again this technology does not require any Federal
Communications Commission (FCC) license or frequency allocation. Figure 2.1 shows
an free space architecture involving communication between satellite to satellite, aircraft

to satellite, aircraft to aircraft, terrestrial FSO and ground to satellite links[1].
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FIGURE 2.1: Basic Overview of Free space optical communication. [1]

2.1.1 Operational Principle of FSO

There is always a trade off between channel length, bit rate and error performance during
designing the communication system. Figure 2.2 provides the necessary framework of
the generalized schema of a single-link FSO communication system. Under each block
are characteristics that transform its signal to different physical form of he signal output.
The subscript N for each block transform represents noise contributed to the signal. For
example, the “channel” block degrades transmitted signal due to the processes listed

under the block [2] .
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FI1GURE 2.2: Single-link FSO communication system

Now it is time to look into detail about the operational principle of the FSO. There
are a laser diode (LD) or an LED as the source of light, a modulator, a drive circuit
for the light source to supply necessary power and a telescope(for transmitting light) in
most transmitter used for FSO. The modulator converts the bits of information into an
electrical signal and modulates the light source to generate an optical signal depending
on the modulation format. This modulated beam passes through a telescope (collimating
lens) to expand the optical beam which reduces the diffractive effects that spread out

the beam.

The transmitted optical signal propagates through atmosphere as we have already seen
it the single-link FSO diagram in Figure 2.2, it suffers some physical processes inher-
ent to atmosphere: frequency-selective absorption, scattering, turbulence and sporadic
misalignment of transmitter and receiver due to displacement. Figure 2.3 shows a gen-

eralized block diagram of the FSO communication system.
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F1GURE 2.3: Simple block diagram FSO communication system

This propagated signal is collected by a receiver which consists of a telescope, a detector
and a decoder to get the signal out. The main purpose of the telescope is to collect
the optical signal and to contract the beam size small enough to fit onto the detector.
The detector acts as an opto-electro-convertor. The detection system generally consists
of an APD, a matched optical filter implemented in the form of a moving integrator
and a clocked comparator.The clock comparatorperforms a threshold test at bit interval
boundaries. Figure 2.4 illustrates a typical single beam FSO transceiver with all major

functional block of the equipment are arranged and integrated.
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FIGURE 2.4: Single beam transceiver of a typical FSO communication system [2]

2.1.2 Advantage of FSO

Now the question comes ‘Why’ free space communication. To answer this question we
have to first compare the advantages offered by this technology to other technologies. For
high data transmission currently two technologies are used fiber optics and microwave
(RF). These technologies are widely used for both in mobile communication and free
space communication. But the free space optical communication offers some following

advantages given below:

e The FSO provides no dispersion loss to the optical signal which is a major concern

in Fiber optical communication.

e Due to nonlinearity the typical fiber launched power is limited to few mW which
can be overcome by using inline amplification or regeneration. But the FSO uses
transmitter power, antenna gain, bandwidth expansion and sensitive receiver to

over come the channel loss. [1]

e Beside High data rates it provides high transmission security. Because the laser has
a narrow beam. So it is very much suitable for wireless data transfer in financial,

legal, military and other information sensitive system. [5, p.3]
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e There is no FCC License or frequency allocation required for this technology. So

this is free of cost.

e For space communication the FSO offers several advantages over RF like reduced
power, less mass and volume of equipment, higher data rates, no traffic [7], low
transmission path loss, high bandwidth, basic modulation technique which make

the transmitter design less complected, less diffraction [5, p.128-131].

2.1.3 Application of FSO

This section covers typical area of FSO application. The application covers from the
area of terrestrial applications to the space communications. Some of them are listed

below:

1. Short range terrestrial application of FSO includes connecting building or estab-
lishing a backbone connection up to a distance of 1 km (Max. 2 km). An example
could be connecting an earth station to the backbone or to the LAN. The long
range applications are links with more then 2 km. So LAN,MAN and WAN connec-
tions with FSO, last mile access, optical fiber back up link, cellular communication
back-haul are now a days an useful application of FSO with high data rate. [6][5,
p. 281-286]

2. Possible applications of FSO in space are inter-satellite links (ISL) in satellite
network, deep space space communication, high speed links between UAV, HAP
and GEO satellite to the ground station. [5, p. 287]. High data rate point to point
communication among aircraft is also an application of FSO. These are the major

space applications of FSO.

2.1.4 Limitation of FSO

The most interesting and challenging research area is the are of FSO application in
space. Because inside the troposphere area (for example, up-links and down-links be-
tween satellite and ground station) the links suffer the atmosphere which is not exactly
similar to the terrestrial links. And above the troposphere (for example, ISL) the opti-

cal links are not influenced by atmosphere. Divergence, absorption, scattering,refractive
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turbulence and displacement are the major factors that limit the performance of FSO.

In following paragraphs a brief discussion is given.

Divergence: Divergence measures how much useful energy of the signal will be collected
at the receiver end and how sensitive the link will be to displacement disturbance.
Diffraction around the circular aperture at the end of the telescope causes beam

divergence at the transmitter. the half-angle 8 of the beam spread is [2]

1.22)
inf=-"""M? 2.1
sinff = 12 (21)
where A = wavelength of the Laser

D = Aperture diamiter

M = dimensionless laser mode structure parameter value.

In case of up-link, the beam divergence rapidly increases for FSO beam from the
earth to satellite. But in case of down-link between satellite to earth station the

beam diameter become larger.

Absorption: Absorption is one of the reason of beam extinction. Water vapor, carbon
dioxide (C'O3), methane and Natural gas absorb laser light energy. Their presence
in atmosphere is random along a path with the weather over time. So the effect

of absorption is unpredictable.

Scattering: The second reason behind beam extinction is scattering. Mie Scattering
in molecular and aerosol regime is the main scattering source of FSO beam in

atmosphere.

Extinction is describe by transmittance 7T'(s) which is given by

To(s) = 28— exp(—gus) (2.2)

where total extinction coefficient 5, comprises the aerosol and molecular scattering

and absorption terms[5, p. 19 —20]

l l
Bv = Bscaw + Babsw + Bscaw + Babsw (2.3)
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The total extinction coefficient is defined in units of km~1. This coefficient is com-
monly available in database like LOWTRAN, FASCODE, MODTRAN, HITRAN.

It turns out that it is highly dependent on wavelength.[3].

Frequency [THz]

1500 600 300 150 100 75 &0 37 30 15 G
= R vimmm P h T T
- ; }
(O] R B N\
Y T O A m
= :
g H
£
:
[:‘ 04_ .......
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FIGURE 2.5: Atmospheric transmittance based on absorption analysis using LOW-

TRAN. A zenith path from 0 km to 120 km altitude as well as the midlatitude summer

atmospheric model are assumed. Atmospheric transmission windows are highlighted in
grey color.[3]

From Fig 2.5 it is seen that suitable wavelengths for FSO system are 808 nm (Si
detectors), 1064 nm (Nd-YAG lasers) or 1550 nm(InGaAs detectors, erbium-doped

fiber amplifiers) whereas 950 nm and 1300 nm are not ideal.

Optical turbulence: Beside the extinction effects fading is another important effect

produced by the atmosphere. Optical turbulence is responsible for random fluc-
tuations in the signal-carrying laser beam intensity which is called scintillation.
It is caused by small temperature variation which results fluctuation in index of

refraction. The scintillation index can be expressed by following equation [8]

oF = ) 1 (2.4)

where I means irradiance of the optical wave and the angle brackets () mean
ensemable average or a long time average. In weak fluctuation regimes the derived

expression in 2.4 shows proportionality with the Rytov variance]§]
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0% = 1.23C2K7/0L1/6 (2.5)

where C2 is the index of refraction, k is the optical wave number and L is the prop-
agation path length between transmitter and receiver. This equation 2.5 above
represents the scintillation index of an unbound plane wave in weak fluctuation.

The scintillation induces effect like beam divergence and beam wander. These
effects work tandem to create random signal losses at the receiver, resulting in-
creased BER in the system due to signal fading. They can also result in complete
signal loss altogether. The physical effect of an optical beam propagating through
a turbulence media is the wavefront distortion.So the original beam profile is re-
distributed. Cross sections of a beam contains Gaussian shaped intensity profile
before and after propagation is shown in Fig 2.6. It is seen that the pattern of the
beam is transformed into a random interference pattern which is called intensity

speckle pattern.

FIGURE 2.6: Laser beam propagation through turbulent atmosphere: intensity cross-
section of the transmit beam (left), intensity cross-section at the receiver plane
(right).[3]

So it is seen that atmosphere plays an important role in FSO system. As my thesis work
is related to fading of signal so the optical turbulence effects are need to be analyzed

more deeply.

2.1.5 Type of link configuration used in FSO

Based on the ways through which an optical link can be physically configured in Optical

wireless communication can be grouped into four different categories:
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1. Directed LOS

2. Nondirected LOS

3. Diffuse

4. Tracked

(e}

Photodetector

@

(d)

.,

N

/

! Optical collector %ullecmm
Photodetectors

/

FIGURE 2.7: Major four type of FSO link configureation (a)Directed LOS (b) Nondi-
rected LOS (c)Diffuse (d)Tracked and (e) Receiver Configuration[4, p.12]

The Directed LOS is used in FSO. The optical is concentrated in a very narrow beam,

thus exhibiting low power requirements as well as creating a high-power flux density at

the photodetector.

Furthermore, the LOS link offers the highest data rate (hundreds

of Mbps and above) over a link span from a few metres to 5 km. Furthermore, di-

rected LOS links do not suffer from multipath-induced signal distortion, and noise from
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the ambient light sources is also largely rejected when used with a narrow field-of-view
(FOV) receiver. The data rate is therefore limite by free-space path loss rather than the
effects of multipath dispersion. However, there are disadvantages. For indoor applica-
tions, the coverage area provided by a signal channel could be very small, so providing
area coverage and roaming could become problematic. Directed LOS links cannot sup-
port mobile users because of the requirement for alignment of receiver and transmitter
modules. In LOS OWC-based LANSs catering for single users, the transmitter/receiver
base station is usually mounted to the room ceiling. However, in situations where there
is a need to offer services to multiple users within a relatively large room, the possible
option would be to adopt a cellular topology, where the narrow transmit optical beam
is replaced with a source of a wide optical foot print. Additionally directed LOS links
(mainly for outdoor applications) must be accurately ‘pointed’ or aligned before use
and require an uninterrupted LOS path making them susceptible to beam blocking. In
addition to this, by their very nature, they are more suited to point-to-point links rather
than point-to-multipoint broadcast-type links, thus reducing their flexibility. Directed
LOS is the most well-known link topology, and has been used for many years in low
bit rate, simplex remote control applications for domestic electrical equipment, such as
televisions and audio equipment. In recent years, we have seen a growing interest in
application of LOS links for a number of outdoor applications: university campuses, last
miles access networks, cellular communication backhaul, intersatellite communications,
satellite uplink/downlink, deep space probes to ground, disaster recovery, fibre com-
munication back-up, video conferencing, links in difficult terrains, wide and local area
networks, ground-toground (short and long distance terrestrial links), deep space probes
to ground, and ground-to-air/air-to-ground terminal (UAV, HAP, etc.) and temporary
links. The LOS OWC link offers a number of advantages, including higher data rates
easily exceeding 100 Gbit/s, using WDM techniques, and security as well as a small
terminal size, a light weight, minimal aperture sizes and a low-power consumption.

For outdoor environment, FSO links are capable of offering similar performance of opti-
cal fibre communication over a link range spanning from of a few hundred metres up to
a few kilometres. The optical transmitter power is up to 100 mW with a sufficient power
margin at the receiver to deal with the attenuation due to the atmospheric and meteo-
rological conditions such as fog, snow, rain, drizzle, turbulence and thermal expansion
of structures. Atmospheric and meteorological conditions lead to fading of the received

signal more than the RF waves. Fog is the most difficult to cope with, due to a very high
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attenuation, compared to rain and snow. For the link length less than a few hundred

metres, temperature induced scintillation will effect the laser beam propagation.

2.2 Safety and Regulation in FSO

IR light sources pose a potential safety hazard to human if operated incorrectly. The
optical beams can cause injury to both the skin and the eye, but the damage to the eye is
far more significant because of the eye’s ability to focus and concentrate optical energy.
The eye can focus light covering the wavelengths around 0.4-1.4 pgm on to the retina;
other wavelengths tend to be absorbed by the front part of the eye (the cornea) before

the energy is focused. Figure 2.8 shows the response of eye in different wavelength.
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FIGURE 2.8: Response or absorption of the human eye at different wavelength[4, p.22]

At 700-1000 nm spectral range, where optical sources and detectors are low cost, the eye
safety regulations are particularly stringent. The maximum measured radiant intensity
with a maximum permissible exposure (MPE) at a wavelength of 900 nm is around 143
mW /sr [4, p.22]. However, at longer wavelengths of 1500 nm and above, that is, the third
transmission window in optical fibre backbone networks, the eye safety regulations are
much less strict, but the devices available are relatively costly. Therefore, when designing

optical communication systems, efforts must be made to ensure that the optical radiation
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is safe and does not cause any damage to the people that might come into contact with
it.

There are a number of international standard bodies which provide guidelines on safety
of optical beams, notable among which are CDRH, IEC, ANSI, CENELEC, LIA. Each
of these organizations has developed ways of classifying lasers; the specific criteria vary
slightly from one body to the other but the IEC classifications will be considered in this
section. Lasers are generally divided into four groups, Class 1 to Class 4, with Class
1 being the least powerful and Class 4 being the most powerful. Each class is defined
by the accessible emission limits (AEL) metric, which depends on the wavelength of
the optical source, the geometry of the emitter and the intensity of the source [9]. The
following table presents the main characteristics and requirements of LASERS according

to the IEC 60825-1 standard.

TABLE 2.1: Technical specification of the fading simulator

Class 1 Low-power device emitting rad)
Optical input power <100 mW
Optical output power 30 nW to 7 uW
Response time > 50 uS

Electrical power supply

240 V, 50-60 Hz

Operating temperature 0-40 ° C
Resolution 14 bit
Max. Measured Voltage 16 'V

Waveform Arbitrary, DC
Amplitude -12t0 12V
Dimension 43 x 18.5 x 8 cm?

Operating frequency

0.001 to 2000000 Hz

The AEL values at two wavelength mostly used for FSO are presented in Table hgyhg .
Lasers classified as Class 1 are most desirable for OWC systems since their radiation are
safe under all conditions and circumstances. Figure hgfhg shows the eye safety limits
for the two most popular wavelengths of 900 and 1550 nm adopted in OWC systems.
For collimated light source, the 1550 nm wavelength is preferable.

Class 1 lasers require no warning labels and can be used without any special safety pre-

cautions. As shown in Table 2.1, the power available to Class 1 lasers is limited. Most
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commercial terrestrial FSO links operating at up to 1.5 Gbps use Class 1M lasers; these
are inherently safe except when viewed with optical instruments, such as binoculars. On
certain instances, higher-class lasers are used for FSO, and the safety of these systems is
maintained by installing the optical beams on rooftops with safety labels and warning

or on towers to prevent inadvertent interruption [68].

As shown in Table 2.1, a Class 1 laser system operating at 1550 nm is allowed to transmit
approximately 50 times more power than a system operating in the shorter IR wavelength
range, such as 850 nm, when both have the same-size aperture lens. It should however
be noted that no wavelength is inherently dangerous or eye-safe; it is the output power
that determines the laser classification. It is therefore possible to design eye-safe FSO
systems that operate at any wavelength of choice. It is also important to understand
that the regulation addresses the power density in front of the transmit aperture rather
than the absolute power created by an LD inside the equipment. For example, the LD
inside the FSO equipment can actually be Class 3B even though the system itself is
considered to be a Class 1 or 1M laser product if the light is launched from a large-
diameter lens that spreads out the radiation over a large area before it enters the space
in front of the aperture. In order to maintain the Class 1 or 1M safety classifications,
it is possible to use higher-power laser with increased lens aperture or to use multiple
large transmission apertures. LED sources do not produce a concentrated light beam
and therefore cannot be focused on to the retina. This makes the use of LEDs ideal
for indoor applications. The penalty, however, is reduced bandwidth compared to the
LDs. Recent developments in vertical-cavity surface-emitting lasers (VCSEL), offering
a safer peak wavelength at 1550 nm, is becoming an attractive option for outdoor and
even indoor applications. This is due to their well-controlled, narrow beam properties,
high data rate, excellent reliability, low power consumption and the possibility of the

array configuration.
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FIGURE 2.9: The eye safety limits for 900 and 1550 nm wavelengths.[4, p.24]

To provide a better protection to the eye or skin of anyone who might come in contact
with the radiation of laser equipments, the MPE limits have been stipulated by standard
organizations. It is the highest radiation power or energy, measured in W/em? or J/cm?,
that is considered safe with a negligible probability of causing damage. The MPE is
measured at the cornea of the human eye or at the skin, for a given wavelength and
exposure time. It is usually about 10 of the dose that has a 50 chance of creating
damage under worst-case conditions. In Table hghj, the MPE values for the eye at two
commonly used wavelengths for FSO are presented; the values for the skin are much

lower since the skin is usually less sensitive to laser radiation.

As shown in Table jhjk, the MPE is higher for brief exposure durations than for high
exposures times. The MPE for the eye is much higher at 1550 nm than at 850 nm; this is
related to the laser radiation absorption at the level of the various eye components This
difference in MPE values can be explained by the fact that at 850 nm, approximately 50
of the signal can reach the retina whereas at 1550 nm, the signal is almost completely

absorbed by the cornea and aqueous humour.
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2.3 Characteristics of Optical source and detector

For optical communication systems, light sources adopted must have the appropriate
wavelength, linewidth, numerical aperture, high radiance with a small emitting surface
area, a long life, a high reliability and a high modulation bandwidth. There are a number
of light sources available but the most commonly used source in optical communications
are LEDs and LDs, both of which rely on the electronic excitation of semiconductor
materials for their operation. The optical radiation of these luminescent devices, LED
and LD, excludes any thermal radiation due to the temperature of the material as is
the case in incandescent devices. Both LD and LED light sources offer small size, low
forward voltage and drive current, excellent brightness in the visible wavelengths and
with the option of emission at a single wavelength or range of wavelengths. Which light
source to choose mainly depends on the particular applications and their key features,
including optical power versus current characteristics, speed and the beam profile. Both

devices supply similar power (about 10-50 mW)[10].

LEDs/LDs can be fabricated to emit light across a wide range of wavelengths (colours)
from the visible to the infrared (IR) parts of the electromagnetic spectrum. These

wavelengths and their corresponding energies are shown in Figure 2.10
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FIGURE 2.10: The electromagnetic spectrum of ultraviolet, visible and infrared ppor-
tion with wavelength and energy
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The visual range of the human eye only extends from 400 nm to 700 nm. All these
wavelengths are of great interest in OWC. The IR region of the electromagnetic spectrum

can be classified into the following segments:

e Near infrared (IR-A (0.780 to 1.4 pm)): commonly used in optical fiber commu-

nications.

e Short-wavelength infrared (IR-B (1.4 to 3 pm)): 1530 to 1560 nm range is the
dominant spectral region for long distance telecommunications, including optical

fiber and free-space optics.
e Mid-wavelength infrared (IR-C (3-5 pm))
e Long-wavelength infrared (IR-C (8-15 pum))

e Far infrared (15-1000 pm)

Based on availability of light sources, optical fibre attenuation/dispersion, free-space
channel losses and detector availability, the optical communication can be divided in

some other categories [11]
e First Windows: 800-900 nm—widely used in early optical fibre communications.
e Second window: 1260-1360 nm—used in long-haul optical fibre communications.

e Third window (S-band): 1460-1530 nm.

e Third window (C-band): 1530-1565 nm—the dominant band for longdistance op-
tical fibre communication networks. Transmissions at 1550 nm do not pass through
the corneal filter, and cannot harm the sensitive retina. This means that at these

wavelength bands, the emitted optical power could be allowed to reach values up

to 10 mW for OWC links.
e Fourth window (L-band): 1565-1625 nm—for future photonic networks.

e Fourth window (U-band): 1625-1675 nm—for future photonic networks.
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2.4 Light Emitting Diode (LED)

The LED is a semiconductor p-n junction device that gives off spontaneous optical ra-
diation when subjected to electronic excitation. The electronic excitation is achieved by
applying a forward bias voltage across the p-n junction. This excitation energizes elec-
trons within the material into an ‘excited’ state which is unstable. When the energized
electrons return to the stable state, they release energy in the process and this energy
is given off in the form of photons. The radiated photons could be in the UV, visible
or IR part of the electromagnetic spectrum depending on the energy band-gap of the
semiconductor material. In LEDs, the conversion process is fairly efficient, thus result-
ing in very little heat compared to incandescent lights. In the working of an LED, the
electronic excitation causes electron(s) in the conduction band to spontaneously return
to the valence band. This process is often referred to as the radiative recombination.
Materials for LED construction depends upon the band gap peak energy of the p-n junc-
tion which in turn depends upon the radiation wavelength. Commonly used materials

for LED construction are listed with their respective radiation wavelength below:

TABLE 2.2: Commonly used LED materials with their radiation wavelength

LED Materials/ Substrate | Peak Wavelength in mm
AlGaN/GaN 230-350

InGaN/GaN 360- 525

ZnTe/ZnSe 459

SiC 470

GaP 470

GaAs 910-1020

InGaAs/InP 600-1600

There are six major type of LED structures found in the industry named (i) Planar LED
(ii) Dome LED (iii) Surface emitter LED (iv) Edge emitter LED (v) Superluminescent
LED (vi) Resonant cavity and quantum dot LED. Among them mostly used LED are
Surface emitter LED, Edge emitter LED, Superluminescent LED and Resonant cavity
and quantum dot LED. But due to the need of coherent signal LED is used in only for
special purposes in FSO.



Chapter 2. Theoretical Analysis and Development 22

2.5 LASER

Laser, which is the acronym for light amplification by stimulated emitted radiation,
is a device that amplifies (generated) light, as the name suggests, but they are rarely
used for this purpose in practice. Lasers are used mainly as an optical oscillator with
light bouncing back and forth in an optical cavity. One end of the cavity is made to
have almost 100% reflection while the other is significantly less to allow the emission of
monochromatic light (not exactly single wavelength but a very narrow band of wave-
lengths, typically 0.1-5 nm). In the operation of a laser, certain vital conditions are
required to be met before lasing can take place. These conditions are stimulated emis-
sion, population inversion and optical feedback and LASER oscillation.

When an electron—hole recombines, the energy it releases in the process, and the wave-
length in the case of radiative recombination, depend on the energy gap between the
conduction band occupied by the free electrons and the valence band where the hole is.
As previously mentioned, the energy band-gap depends on the atomic composition for
the semiconductor material(s). So, changing the composition of the bandgap is a good
way of manipulating the radiation wavelength(s). Table 2.3 shows some common laser

diode materials and their corresponding radiation wavelengths.

TABLE 2.3: Commonly used materials for LASER with the emission wavelength

LASER Materials/ Substrate | Peak Wavelength in mm
AlGaN 350-400

GaAIN 375- 440

ZnSSe 447-480

ZnCdSe 490-525

AlGalnP/GaAs 620-680

GaAlAs/GaAs 750-900

GaAs/GaAs 904

InGaAs/GaAs 915-1050

InGaAs/InP 1100-1650

The commonly used LASER structures are (i) Fabry-Perot LASER(FPL) (ii) Distributed
Feedback(DFB) LASER (iii) Vertical-cavity surface-emitting laser(VCSEL) and (iv)

Superluminescent diode (SLD which have intermediate properties between LED and
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LASER Diode). The characteristic comparison between LED and LASER in given by
the following Table 2.4

TABLE 2.4: Comparison between LED and LASER

Charecteristics

LASER

LED

Optical output power

High power

Low power

Modulation bandwidth

Tens of kHz to tens of GHz

Tens of kHz to hundreds of
MHz

Optical spectral width

0.01-5 nm

25-100 nm

E/O conversion efficiency

30-70%

10-20%

Directionality Beam is directional and is | Beam is broader and spread-
highly collimated ing

Coherence Coherent Noncoherent

Harmonic distortions Less High

Narrow—Ilower noise floor

Wide—increase noise floor

Receiving filter

2.6 Photodector

The photodetector is a square-law optoelectronic transducer that generates an electrical
signal which is proportional to the square of the instantaneous optical field impinging on
its surface. Thus, the signal generated by a photodetector is always proportional to the
instantaneous (received) optical power. Since the optical signal is generally weak, having
travelled through the communication channel, the photodetector must therefore meet
stringent performance requirements such as high sensitivity within its operational range
of wavelengths, a low noise level and an adequate bandwidth to accommodate the desired
data rate. The effect of temperature fluctuations on the response of the photodetector
is required to be minimal and the device must equally have a long operating life. The
wavelengths at which the detector responds to light depend on the detector’s material

composition. The speed of response and the bandwidth of a photodetector depend on:

1. The transit time of the photon-generated carriers through the depletion region

2. The electrical frequency response determined by the RC time constant, which

depends on the diode’s capacitance
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3. The slow diffusion of carriers generated outside the depletion region

Similar to optical sources adopted for OWC systems, there are a number of criteria
that define some of the most important performance and compatibility requirements for

detectors.

Large detection surface area—thus a large collection aperture and wider detection
FOV. For high-speed applications, photodetector arrays with small surface area

are the best possible option

High sensitivity and responsivity at the operating wavelength

Low noise, thus high SNR

Fast response time

Low cost, small size and high reliability

There are four types of photodetectors that could be used in optical receivers: (i) PIN
photodiodes (with no internal gain, which is compensated by a larger bandwidth), (ii)
APDs, (iii) photoconductors and (iv) metal-semiconductor metal photodiodes. The last
three have internal gain. Both PIN and APD are the most popular and widely used

detectors for OWC systems, meeting all the requirements mentioned above.



Chapter 3

Result and Discussion

3.1 Introduction

This chapter describes the complete work procedures and findings that relates to the
feasibility of free space optical communication in Bangladesh. This research is a combi-
nation of two parallel processes, namely, 1) survey for data collection and 2) development
of a free space optical communication system that which will be feasible for Bangladesh
using OptiSystem 7.0. The data collection process includes the overall infrastructure
scenario of communication in Bangladesh, current technological trends, prospective con-
sumer, atmospheric impacts on the system, scope of establishment of this technology.
All surveys are undertaken in different companies that relate to communication system
in Bangladesh unofficially based on personal contact. Some data is collected from au-
thentic online and printed publication, published research materials etc. As surveys are
undertaken in different companies, so the questionnaires varies from one company to

another company due to their functional activities.

25
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3.2 Survey

3.2.1 BTRC Survey

The first survey is taken place in BTRC for understanding the overall communication
scenario of Bangladesh. BTRC’s full meaning is Bangladesh Telecommunication Reg-
ulatory Commission. This autonomous body is established with a vision to facilitate
connecting the unconnected through quality Telecommunication services at an afford-
able price by introducing new technologies in 31st January, 2002. One of the objectives
of this company is to ensure efficient teleservices and internet in both national and in-
ternational spheres. A major objective is to encourage the introduction of new services
and to create a favorable atmosphere for the local and foreign investors who intend to
invest in the Telecommunication Sector of Bangladesh. The communication sector in
Bangladesh is huge in term of data handling capacity and point of service. The inter-
net density increases rapidly from 0.1% to 30.62% in between 2002-03 to 2014-15. The
teledensity become 81.93% in the financial year of 2014-2015. In 2014-15 the number of
mobile users have gone pass more than 126 million, the internet user is more than 48
million. In the financial year of 2014-15 the daily incoming international call is around
18 million minutes. According to the BTRC data there are 55,570 BTS operating for
maintaining the mobile communication network in Bangladesh. The following Figure
3.1 shows monthly subscriber variation from the month of July 2014 to November 2015

in mobile and internet usage.
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FIGURE 3.1: Subscriber growth in both mobile and internet service for last 17 month

The average increment of mobile subscriber and internet users over this seventeenth
months period of time is 0.958 and 0.858 million respectfully. It is clearly visualize that
at the end of November, 2015 almost 134 million people are using mobile teleservice in
their daily life whereas the total population of Bangladesh according to the Bangladesh
Bureau of Statistics (BSS) is around 160 Million. So around 83.75% of total population
are enjoying atleast the basic services of mobile telecommunication. This graph also
indicate the forecast of mobile and internet usage which suggest an rising amount of
data consumption. After introducing the 3G technology in our country, there is a rapid
increment of 3.7135 time of 3G mobile user within a year. The following graphical

statistics shows the status of this increment.
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FIGURE 3.2: Overview on the increment of 3G mobile usage

The 3G technology comes with more data handling capability offers higher bandwidth.
From the Figure 3.2 we can see that the more and more users feel interested on 3G
service and start using it. To ensure the quality of service to the users, it requires unin-
terrrupted, secure network beside the efficient and higher bandwidth. In our country six
mobile phone operators handle mobile communication with their BTS, MSC. Beside the
basic services these operators also provide internet service through data communication
using wireless technology. With the advancement of smart mobile phone and importance
of internet in our daily life these operators have to handle huge amount of data their
backbone connection. The required bandwidth for this purpose is in the range of Giga
Hz. Again average increment of internet users also indicate that everyday new user born
to the world of internet connectivity which in turn requires more bandwidth to support
the quality of service. There are 499 licensed Internet service providers working from dif-
ferent layer of connectivity to support the infrastructure to ensure internet connectivity

along with two broadband wireless access service providers and fifteen wireless internet
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service providers. Point should be noted that all of the wireless service providers are
assigned frequency in the giga Hz band. Beside the licensed band for internet connectiv-
ity, BTRC permits to use ISM band that is 2.4 to 2.483 GHz and 5.725-5.875 GHz band
for data communication under the law of ISP license. There are 29 IGW (International
Gate Way)operators transmit and receive international call from and to Bangladesh with
a view of ensuring government earning and legal call termination. The following Table
3.1 and 3.2 show the number of incoming and outgoing per moth for a time period from
July 2014 to June 2015. Both table suggests a huge increment in the number of user

within a year.

TABLE 3.1: International Incoming Call to Bangladesh

Month Incoming call in Billion Minutes | Percentage of Increment
July, 2014 1.839 -
August, 2014 1.807 -1.740
September, 2014 2.095 15.938
October, 2014 3.208 53.126
November, 2014 3.162 -1.433
December, 2014 3.128 -1.07
January, 2015 3.189 1.950
February, 2015 2.951 -7.463
March, 2015 3.516 19.146
April, 2015 3.514 -0.056
May, 2015 3.832 9.049
June, 2015 3.252 -15.135
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TABLE 3.2: International Outgoing Call from Bangladesh

Month Outgoing call in Million Minutes | Percentage of Increment
July, 2014 28.674 -
August, 2014 28.568 -0.369
September, 2014 30.014 5.061
October, 2014 31.315 4.334
November, 2014 27.512 -12.144
December, 2014 23.518 -14.517
January, 2015 27.098 15.222
February, 2015 23.951 -11.613
March, 2015 27.402 14.408
April, 2015 27.597 0.711
May, 2015 27.549 -0.173
June, 2015 31.397 13.967

From the Table 3.1 we can see that in the month of May, 2015 maximum number of
incoming call terminated to Bangladesh. So we use this data to have an idea on the
bandwidth requirement, then we can use this data and calculate that everyday on an
average 123.612 million minutes call are incoming to Bangladesh. To support this huge

amount of calls the IGW operators must have a highly secure and uninterrupted network.

BTRC is also liable to provide license to the private satellite channels to broadcasting.
Any communication transmission link which can offers huge bandwidth, less costly,
secured,long transmission link, requires to handle these huge amount of data. This
authority provide 6/9/12 MHz for satellite uplink using 5.85 to 6.425 GHz band to 34

private TV channels.

Beside the television broadcasting radio broadcasting is also very popular in Bangladesh.
F.M. radio service is used for entertainment purpose for common people. Professional
Mobile Radio (PMR) Service is used where effective, uninterrupted and secured, point
to point and point to multi point service communication link are requirements. The con-
sumers of this service are mainly pubic/private organization, government security service

organizations, UN mission, Foreign Mission’s office by using walky-talky. The FSO with
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RF hybrid communication architecture can offers highly secure and uninterrupted ser-
vice. Also the Governmental Radio Service provides uninterrupted and more secure
communication network for highly verified data containing national security and pol-
icy maters to Bangladesh Army, Bangladesh Air-force, Bangladesh Navy, Border Guard
Bangladesh (BGB),Bangladesh Police, Bangladesh Anser and VDP, Coast Guard, Fire
service and Civil Defense. All of these organizations have their own Signaling Depart-
ment for operation. The FSO offers the most uninterceptable beam that offers high

security with high data speed and long transmission link length.

As Bangladesh does not have her own satellite so she is very much willing to launch
her own one. And already with an aim of launching Bangobandhu Satellite-1 within
2018 Bangladesh already undertakes a project. The primary design, feasibility analysis,
prospective budget etc are completed. In last March, 2015 the tender related to the
satellite project is invited. Four companies from USA, Canada, China and France have
submitted their tender proposal. The LEO and MEO satellite requires very high speed
connectivity to ground station and inter-satellite with high data rate. Again the GEO
satellite also requires the high data transmission with a secure link. The FSO is the

option for these type of communication links.

Another milestone to communication sector in Bangladesh, is to join the submarine cable
network through SEA-ME-WE-4 and progressing to join SEA-ME-WE-5 within 2016.
These two networks offers 135 Gbps and 1400 Gbps bandwidth respectively. Without
a proper communication backbone architecture this enormous data bandwidth will be
unused. So the advantages of this high speed, high data rate network can not be utilize
to enhance the research network for educational institution, to reach every corner of the
country. As our country has so many rivers. So using optical fibre the overall cost of
the communication structure become very high. This will also affects the price of the
service provided by the operators. So as an alternative wireless transmission medium

the FSO is the right choice to handle this huge bandwidth with moderate cost.

Point should be noted that FSO offers zero dispersion to all link scenario. This reduces

IST (Inter symbolic interference).

After the survey in BTRC, it is found that there are many areas where this technology
can be fit and improve the quality of service in the communication structure of our

country. But in this project the scope of FSO in Mobile Network and Research Network
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is reviewed. According to that surveys are taken place in two mobile company, optical

fibre network providing organization and research network establishing organization.

Due to the privacy policy and surveys are made on personal contact the name of the

mobile companies are not mentioned.

3.2.2 Survey in Mobile operator

All mobile operators provide wireless data communication service beside basic services
like voice call, SMS, MMS etc. Due to the device architecture at the consumer end, RF
technology cannot be swapped entirely from the mobile network architecture. But the
backbone links can be easily replaced by a better technology from the current one to
upgrade the performance. The current technology used in the backbone network for all
operators are almost same. So in the first part of this section the current technology is

discussed and than suggestion will be made on the better technology.

All of the mobile operators use optical fiber technology for backbone communication.
The connection between MSC to MSC is known as backbone connection. These con-
nections are set up in a combination of ring and star topology in most case. A block

diagram of this type of network connection is shown by Figure 3.3.
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The number of MSC varies opterator to operator. But the connectivity among these
MSCs should such a way that ensure low path distance is maintained and there should
be always an alternative way to reach the destination like shown in Figure 3.3. The
average link distance between is around 75 km. But this length could be varied upto
hundreds of km depending on application and transmitted power. The MSC to MSC
connectivity is linked up usually with optical fiber, microwave and RF technology. Most
of the links are now built with optical fiber. The usual bandwidth of the optical fiber link
is in GHz range. But this bandwidth can be extendable 10 GHz to 40 GHz with scope of
more extension of bandwidth to 100 GHz by upgrading the system. The bandwidth can
be easily extended by using SDH protocol and DWDM. The DWDM can operate upto
80 channels by using pluggable and software tunable transceiver modules. But the com-
plexity of the transceiver circuit become more with the increment of the channel which
also increases the cost. As Bangladesh is already joined to SEA-ME-WE 4 submarine
cable line and going to join SEA-ME-WE 5 submarine cable line within end of 2016 and
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get a bandwidth around 2 THz, to support a high speed and huge bandwidth network,
optical fiber is not the choice because of the complexity and economical consideration.
Microwave technology has bandwidth limitation upto one hundred GHz and comes with
a higher cost due to licensing. To handle this huge bandwidth network effectively, it is
required some technology which offers less cost, less licensing fee, less maintenance, easy
to install, less complexity, highly secure and FSO technology has all these properties. So
for future expansion of the network and swapping the microwave backbone links FSO is

the better choice.

3.2.3 Survey in BAREN

The name BAREN stands for Bangladesh Research and Education Network. This project
is implemented by University Grants Commission (UGC)of Bangladesh, on behalf of
Ministry of Education. The vision of this project is to provide a high bandwidth, high
availability secure, cost effective, best in class applications and services network which
provide connectivity to international research and education network around the world
as well as to the domestic universities and research facilities. This project is in initial
phase. But after the completion this network will cover atleast all public universities
in our country with a scope to join research institutes, upcoming public universities
and private universities. The following Figure 3.4 show the BAREN network after final

network.
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FIGURE 3.4: Full phased network of BAREN inside Bangladesh

BdREN is connected also to some international research network in Asia Pacific, Europe
and North America via Trans-Eurasia Information Network 3 and Internet2. The Fig-
ure 3.5 shows the international network diagram to which all universities and research

facilities will be connected.
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FIGURE 3.5: International research network to which BAREN is connected

Beside establishing connectivity with the member, BAREN provides commercial internet
bandwidth, international and national academic bandwidth to the member. It also

provide 24/7 services of NOC and data centre.

BdREN designs this huge research network through optical fiber. Currently they have a
backbone network using dark fiber haveing 10 Gb bandwidth. This link has maximum
and minimum capacity of 10 Gb and 1 Gb respectively. this network can be expandable
to 40 Gb by changing the line card and SFP. The average transmission mux to mux
distance is around 100 km. Depending upon the location and the tentative volume of
the data usage the capacity of each optical fiber link is 10 Gb and 1 Gb. But now the
average link utilization rate is only 10 to 20 percent. If we consider the geographical
and environmental condition of our country, the maintenance and troubleshooting is a
matter of concern. This process takes time and money. It may also cause interruption
of service. Again there are many universities which are situated around rivers and on

the higher level land. Providing connectivity with optical fiber could be difficult work.
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But establishing two point to point wireless optical tower can solve the problem easily
and effectively. In this case Microwave technology will be costlier due to licensing and
also have bandwidth limitation. So FSO can be a better choice. As the BAREN almost
expands the optical fiber network over the country, the FSO can be applied to the

geographical difficult to reachable areas and to the new connectivity.

3.2.4 Survey in PGCB

Power Grid Company of Bangladesh Ltd. (PGCB) is established in 21st November,
1996 as a fully BPDB owned company with an authorized capital of Tk.10 billion under
the Power Sector Reform Program of the Government. PGCB has been running under
the companies Act 1994. PGCB is mainly concerned with the operation, maintenance
and development of the power transmission system all over Bangladesh. Expansion of
the grid network like installation of new transmission line and grid substations are its
assigned prime responsibility. After formation of this company the existed transmission
system had been gradually handed over to PGCB from BPDB and DPDC. On the 31st
December 2002 PGCB took over full responsibility of the total transmission system of
Bangladesh.

PGCB has installed OPGW (Optical Ground Wire) on high voltage transmission line

to protect the transmission lines from thundering.

The instant communication between NLDC and different grid substations, power sta-
tions are being maintained through PGCB’s own telecommunication PLC (Power Line
Carrier) system for the purpose of reliable power transmission. Besides voice commu-
nication, the above PLC telecommunication system have got the additional facilities
of tele-protection for protecting the transmission lines from external faults and tele-
metering for instant data transfer and to take necessary actions. Due to the inadequate
speed of existing PLC communication equipments, efforts are being taken to improve
the telecommunication system of PGCB by installing and using high speed Optical fiber

with multiplexers.

The length of the OPGW installed in the transmission line of PGCB till June 2012
is approximately 4300 km and covering the major part of the country. After PGCB’s

own communication need, the spare optical fibers are being leased out to local telecom
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operators to develop national communication infrastructure for their commercial use.

The following Figure 3.6 shows the optical fiber network expanded by PGCB:

PGCEB OPTICAL FIBER NETWORK
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L
I
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FIGURE 3.6: optical Fiber Network by PGCB

PGCB gives lease to several mobile companies and BAREN to use this optical fiber net-

work through proper contracts and agreements. This project is economically beneficial.

The optical network is built with STM technology. By using STM-4 the capacity can be
increased to 506 Mbps. This system is upgradable to STM-16 (2.5 Gbps) and STM-64
(10 GBps). As the major objective of this network is to make communication inside
the PGCB transmission network, so the technology serves the purpose for over longer

period of time. So Application of FSO is not feasible in this industry in near future.
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3.3 Environmental Condition of our country to Support

FSO

From the survey report presented above, we found that Free Space Optical commu-
nication (FSO) has application in mobile, research, satellite communication sector in
Bangladesh. But this communication suffers mainly from beam divergence, scattering
and fading. Beam divergence phenomenon and the effect of scattering and fading mainly
depend upon the environment of the surroundings, where this technology is applied. So
the environmental condition of our country is a major concern to analyze the feasibility
of this technology. In this project the environmental condition is only explained. The
impact of the molecular particle in scattering will be discussed here with the scattering
due to rain and fog. This discussion partially characterize the wireless optical channel
for our country. The beam divergence and fading will be discussed and analyzed in

future project of channel characterizing.

The first part of this study is to determine the particles contained in our atmosphere and
the source of these particles. The rain fall also plays an important role for the scattering
of optical signal in FSO system. So a brief study on rain fall of Bangladesh will also be

discussed.

The air of Bangladesh contains COs, NoO, CH4, and major air pollutants like ozone,
CO, and black carbon (BC) particles come from a variety of sources. These sources of
these air pollutants are cars, jeeps, auto-rickshaws, motorcycles, etc., ply in the cities
etc. Black carbon and tropospheric ozone, an element of smog. While haze is a layer of
particles from biomass burning and industrial emissions. These particles has a diameter
varies from 1 pm to 10 um. The type of attenuation caused by the particle is defined
by the size parameter which is zg = 27” If g ~ 1 than the scattering will be considered
as Mie scattering. The second of source scattering is due to non-selective process. In
this case the size parameter is g >> 1. If we consider the wavelength of the optical
signal is 1.5 pum, than the size parameter varies from 2.0944 to 20.944. The rain, fog,
snow, hails are another sources of scattering. On an average the diameter of rain drop
and fog varies from 0.1 mm to 5 mm. It is very clear that x¢ will be much larger than

1 and contribute non-selective scattering. From the prospective of our country rain in

the rainy season and fog during winter cause non-selective attenuation.
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The rain and fog mainly hamper the visibility between two site. When the visibility
range decrease, the attenuation due scattering increases. The attenuation coefficient

due to Mie and Non-selective scattering can be calculated by the following to equations:

10logloTth A -
= —— 1
550 (3:-1)

/BMie - V(k:m)
Where Ty, is visual/transmittance threshold, varies from 0.0077 to 0.06, V (km) is the

visibility in km, A is the operating wavelength and i is the size related coefficient, varies

from 0.585170-3333 ¢4 1.6.

a
BNon—Selective = 7Ta?zva@scat (X) (32)

Where, a is the radius of raindrop/fog droplet, Qscq: is the scattering coefficient which is
equal to 2, N, is the rain drop distribution. The N, dependence on rain fall type. Again
the amount of rain fall also disturb the visibility, causes attenuation. The following table

shows the nature and impact of different type of weather condition:

TABLE 3.3: Nature and Impact of different type of weather condition

Weather condition | Nature and Impact on Visibility

Thick fog Visibility range is 0.2 km
Moderate fog Visibility range is 0.5 km
Light fog Visibility range varies from 0.7 to 1 km
Thin fog Visibility range is 1.9 to 2 km
Heavy rainfall Rainfall rate is 25 mm/h and Visibility range is 1.9 to 2 km

Medium rainfall Rainfall rate is 12.5 mm/h and Visibility range is 2.8 to 4 km

Drizzle Rainfall rate is 0.25 mm/h and Visibility range is 18 to 20 km

industrial emissions Visibility range is 2.8 to 4 km

Haze and Smog Contains BC, tropospheric ozone particles from biomass burning and

Clear sky Very tiny particles in the air and Visibility range is 18 to 20 km

Very Clear Visibility range is 23 to 50 km

From the prospective of Bangladesh both type scattering is considerable because of

heavy, moderate, light rain rainy season, drizzle anytime all over the year, different



Chapter 3. Result and Discussion 41

thickness of fog during winter- mainly during night and very early morning, air pollutant
of different size and dust in the air. The attenuation coefficient due to scattering for

Bangladesh will be:

a

>_i 0 NoQueat (§)  (33)

_ lOloglthh < A
A

Bscatterin = BMie + BNon—Selective = W %

3.4 A sample simulation of FSO for a link length of 75 km

As from the survey it is found that FSO has a real good application in mobile sector for
linking MSC to MSC backbone connection beside the application in satellite. Therefore
the link length is chosen 75 km. In this simulation only the attenuation due to scat-
tering is considered. Minimum loss due to fading and minimum beam divergence are
considered. The simulation is performed on OptiSystem 7.0. Here Optical signal of 1550
nm wavelength is considered. The link diagram is shown below in Figure 3.7, only for

clear sky condition.

Layout: FSO link for MSC to MEC backbone connectivity Author:

andom Bit Sequence Generator
GBits/s

Optical Power Meter

FIGURE 3.7: Setup of MSC to MSC backbone link of 10 GBits/s data rate

Data generated at a rate of 10 GBits/s through a Pseudo Random Bit sequence genera-
tor. A CW laser is used the transmitter, while an APD with -30 dBm sensitivity is used

as the receiver. After the simulation the eye diagram found is shown by the Figure ss.
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FIGURE 3.8: Eye Diagram of the simulated backbone link

From the Figure ??, it is shown that the BER is 3.15 x 107!, which below lower than

the ideal value of 107%. The quality of the link is good as the Q-factor is 6.5392.
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Conclusion

The project funded by University’s Internal Research Fund is to find the feasibility of
implementing a new technology called Free Space Optical in the communication sector.
First basic theoretical concept development is done to find out the advantages and
challenges of this technology. It is found that for a high speed, secure, uninterrupted
communication network this technology is the right choice. So several surveys in different

relevant company is made.

After the survey it is found that the services provided by the mobile operators increase
day by day. This requires high bandwidth and secure network. Again law enforcement
agencies like Army, Navy, Air force, Police require highly secure, uninterrupted network.
Tens of TV and radio channel are operating for providing entertainment in high definition
mode through broadcasting, also requires high bandwidth. The aim of BAREN is to
provide high data rate, huge bandwidth, uninterrupted network. Free Space Optical
communication is the best choice in all these terrestrial communication scenario for

future expand, new site development, swapping existing technology.

As Bangladesh is entering to the era of satellite communication by launching it’s own
satellite. The Free Space Optical communication can provide high speed data commu-
nication between satellite to satellite, satellite to ground station with more security and

uninterruption.

The path loss due to environment is only contributed by the scattering. So the attenu-

ation caused by the scattering is low.

43
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The simulation shown in the last part of chapter 3 shows the possibility of implementa-

tion of FSO.

4.1 Future Scope of This Project

This project opens the gateway of a big research area. The simulation done by the
OptiSystem 7.0 is a very basic link scenario. So in future the following areas may be

explored to implement FSO in Bangladesh.

e More details investigation in scattering effects and the remedy
e Causes and Effect of fading
e The channel characterization can be made based on above result

e The proper choice of modulation technique can overcome all the negetive affects

caused inside the propagation channel

e Proper design of transmitter and receiver to support long length, high data rate (in
the range upto 100 GHz) link both in terrestrial, satellite to satellite and ground

to satellite links.

e ctc

Each of the topics above is a thesis work done in Bachelor or Master’s level. Each of

them can also produce a research paper in any reputed international Journal.
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