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Abstract — A Free Space Optical (FSO) Transmission
System is presented. The demand for high speed and high
bandwidth communications channel is increasing in the new
era of information age. FSO is presented as a solution for
next generation high-speed wireless communication
technology as it is free to implement, easy to install, secure
and very high bandwidth. The simulation tool isimportant in
the design as it allows researchers in optimization studies as
well as reducing the design-to-development cycle. Opti-
System Software is used in this project to complete the
simulation of FSO transmission system. This design model
assumes the weak turbulence approximation and the signal
fading is based on log-normal statistics. Experimental results
explain the performance of the completed system and offer
methods of maximizing efficiency of such FSO-based
communication systems. Discussion for the results of the
simulation isdone.
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I. INTRODUCTION

Free Space Optics (FSO) is originally developed by the
military of NASA.[4] FSO has been used for more than 3
decades in various applications in order to supply high
speed communication links in remote locations. FSO
communication link is still considered as a relatively new
technology though fiber-optic communication has been
widely used in worldwide telecommunications industry.
FSO technology facilitates the bandwidth transmission
capabilities that are likely to fiber optics where it uses
optical transmitters and receivers and even enabling
WDM-like technologies to operate through free space.[4]

FSO offers highly directional, high bandwidth
communication channels. The FSO links can provide
fiber-like data rates over short distances with low
probability of interference [1]. Besides, it also present the
last mile solutions in nowadays static communication
system by substituting wired or microwave system [2-3].

FSO is an unexpectedly simple technology. The system
is based on the connectivity between FSO-based optical
wireless units where each of them consists of an optical
transceiver together with transmitter and receiver to
provide a full-duplex (bi-directional) ability.[4] Optical
source with a lens that transmit light through the
atmosphere to another lens receiving information are used
in each of the optical wireless unit.[4] The receiving lens
is connected to a high-sensitivity receiver through optical
fiber at that specific point.[4] There are a number of
advantages using FSO technology approach where it
required no RF spectrum licensing and easly
upgradeable.[4]

1. SYSTEM MODELLING

Multiple transmitter and receiver system is modelled to
analyze the performance for FSO link by using the
OptiSystem Version 7.0 by Optiwave. The layout model
for 4TX combination is shown in figure 1 below. The
fundamental elements that form a FSO system are the FSO
transmitter, a FSO channel and also the FSP receiver. The
wavelength of the TX is set to be at 1550nm with
transmitting power of 10dBm. To generate multiple laser
beams, the output of the TX is duplicated using a fork,
where the fork produce a multiple laser beams from one
source that has the same value with the output signal from
the TX.
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Fig.1. FSO Circuit Diagram

The free space channel consists of two telescopes with
the FSO channel between them. The apertures for the TX
are taken at 2.5cm and RX is 8cm respectively. And the
distance between TX/RX is set to 1 km with beam
divergence of 2 mrad. The theoretical model used for
single TX and single RX FSO system isasin equation (1).
Modification of the system needed to carry out to enable
the simulation of the multiple TX/RX.
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Where

Py : received power (dBm) at the receiver
P : transmitted power (dBm)

dx: Receiver aperture diameter (m)

dr: Transmitter aperture diameter (m)

B :Beam divergence (mrad)

R: optical link lengt h (km)

a: Atmospheric attenuation (dB/km).
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What things must bear in mind when dealing with R e
communication system are the losses. This may cause by R

equipment inefficiency and many other factors. Since
there are two FSO terminals, each terminal will have aloss
of 1.8dB, to be total up to 3.6dB for both FSO terminals.
According to Beers-Lambert Law, the atmospheric losses
for al laser power is as equation below. o
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It isan exponential equation where,
£ (km): transmittance range of the laser

o: Typical attenuation coefficients (0.1 for clear air). o s :
The attenuation is set to 0.43dB/km as the simulation is ' (b) 2km

assumed to be clear weather condition. The entire multiple
signals from the FSO channel will once again combined
by using the power combiner before it is received by the
RX. The sengitivity for RX is set to -45dBm. There are
two visualizer tools used in the simulation. The first tools
are two power meter which one of them used to measure
the transmit power signal of TX output and another one -
used to calculate the average received power at the RX

respectively. The another visualize tools is the BER .
analyzer which use to calculate the BER value and display

the eye diagram for the FSO system. Finally, the bit rate

used in the setup is set to be at 1 Gbps.

BER Analyzer

Dl Chok On Dbgects 13 apes properies. Uove Cogcs wih Uovss Drag

I1l. RESULTSAND DISCUSSIONS

The analysis considers the various combinations of TX
and RX. By varying the combinations of TX and RX, the
multiple laser beams system can be measured and
analyzed for its performances in terms of received power
and the BER analysis using fixed parameter values of FSO
channel, optical TX and optical RX. The analysis with the
effect of FSO channel range also is conducted in order to
see the FSO performance.

First, to see the effect of FSO channel range, the
parameter of FSO channel range is varied by 1km, from
1km to 5km. The results of BER analysis are shown in
figure below;
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Fig.2. Graph of Output Power vs Length

Next, the performance of FSO is characterized by
varying the combinations of TX, with Pin = 25dBm.
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Fig.3. Output Power vs Input Power

From the experimental analysis, increasing the length of
FSO channel will decrease the output power. This is
because of the presence of the atmospheric effect where it
causes the rapid fluctuation of received power and
eventually will reduce the system quality. The BER results
show that when increasing the length of FSO channel will
increase the signal degradation as shown in the table the
eye diagram of BER become more distortion. In order to
get better quality of the signal, increasing the input power
isagood option.

The display of the eye diagram can be analyzed to
evaluate and measure system performances. Table above
shows the eye diagram of the 2TX/2RX, 3TX/3RX, and
ATX/ARX combination. Increasing of number of TX and
RX will produce fewer jitters of the signal and increasing
the size of the eye opening. The significance of a wider
eye opening is it will reduce the potential occurrence for
data errors, the wider eye opening, the better the system
performance. The output power also becomes better with
less power loss.

I1V. CONCLUSION

In conclusion, we have design an FSO link and
optimization studies on FSO link for different setting
parameter such as distance, power at transmitter, and
multiplication of TX/RX. The characteristic of the FSO
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system and the environment where the link is to be
deployed will affect the planning of the link. As long as
the FSO systems are used within their capabilities, the
links will perform to the user satisfaction.
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