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Transmission Performance Analysis of
Three Different Channels in Optical
Communication Systems

Dr. Ali Mahdi Hammadi , Dr. Entidhar Mhawes Zghair

Abstract— In this paper will have done comparative performance study for three different optical channels system, all the channels
operated at the same optical transmitted with non return-to-zero (NRZ). Performance study is done for variable ranges 1, 2, 3, 4, 5 km for
the different channels. Single Mode Fiber, Free Space Optical (FSO) Channel and optical wireless communication Channel (OWC) is
observed that at low bit rate (10Gb/s/ch) per channel multiplexed optical system shows the most performance signal power, maximum Q
Factor, minimum BER and eye pattern degrades. Results reveal the ability of improving the optical communication characteristics by using
these channel and the optimum effect concluded at (5km) length of optical rang by using the OWC channel i.e.the quality factor and signal
power were increased to reach (1550.7 ) and (-1.08dBm) respectively and MIN. BER is zero.

Index Terms— optic communication system, Free Space Optical, optical wireless communication

1 INTRODUCTION

HE optical fiber communications have changed our lives

in many ways over the last four decades there is no doubt

that low-loss optical transmission fibers have been critical
to the enormous success of optical communications technolo-
gy. Fiber optics is a medium for carrying information from one
point to another in the form of light. Unlike the copper form of
transmission, fiber optics is not electrical in nature. A basic
fiber optic system consists of transmitting device that converts
an electrical signal into a light signal, an optical fiber cable that
carries the light, and a receiver that accepts the light signal
and converts it back into an electrical signal.[1]. Optical com-
munication systems can be classified into two types: guided
and unguided all guided optical communication systems cur-
rently use optical fibers, the commonly used term for them is
fiber-optic communication systems In the case of unguided
optical communication systems, the optical beam emitted by
the transmitter propagated through space, similar to Optical
Wireless Communication (OWC) systems and free-space opti-
cal communication (FSO). Although free-space optical com-
munication systems are needed for certain applications and
have been studied extensively [2].

Free space optics (FSO) communications, also known as
wireless optical communication (WOC), refer to the transmis-
sion of modulated near-infrared (NIR) beams through the at-
mosphere to obtain optical communications [3]. As optical
fibers, FSO techniques uses lasers to transmit data, but instead
of enclosing the data stream in a glass fiber, it is transmitted
through the air. It can thus be fully considered as a wireless
way of transmitting information like ordinary wireless sys-
tems [4]. The idea, over which FSO is based, is the transmis-
sion of collimated light beams from one location to another by
using low power infrared lasers. The light from a FSO channel
is intercepted by system of lenses, capable of focusing photons

on a highly sensitive detector receivers. Furthermore a new
conception of Optical Wireless involves the use of single-mode
fibers (SMF) directly as light launchers and light-collectors.
Since this technique by passes the conversion into the electri-
cal domain, an all-optical treatment of the information can be
realized so that high performances achieved by optical fibers
can be exploited [5]. Optical wireless systems can work over
distances of several kilometers [6],[7]. As long as there is a
clear line of sight between the source and the destination, and
enough transmitter power the communication is guaranteed.
FSO data rates, comparable to optical fiber transmission, can
be carried with very low error rates, while the extremely nar-
row laser beam widths .

2 Background theory

The optical communication channels are used to transport the
optical signal from transmitter to receiver without distorting
it. Most light wave communication systems use optical fibers
as the communication channel because fibers can transmit
light with a relatively small amount of power loss. Fiber loss
is, of course, an important design issue, as it determines
directly the repeater spacing of a long-haul light wave system.
Another important design issue is fiber dispersion, which
leads the individual pulses inside the fiber will be broadening
[8].

2.1 Optical Wireless Communication

Optical Wireless Communication ( OWC) uses light at near-
infrared frequency to communicate. OWC system still consists
of three main communication parts which are transmitter,
propagation channel and receiver, Figure 1. show the basic
block diagram of an OWC system. The OWC system is not
much different from free space optics and fiber optic commu-
nication where the difference relies in the propagation medi-
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um. OWC channel is considered to be outer space where it is
assumed to be vacuum and free from atmospheric attenuation
factors [9]. They provide high security, low cost, low power,
and high rates due to the unregulated bandwidth [10]. The
wireless optical channel component, that is also free-space
optics, can be used for large distances where the atmospheric
attenuation is not the major source of penalties, but the point-
ing angle. For example in satellite communications. [11],[12].
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Figl. An Overview of Optical Wireless Communication OWC System

2.2 Free Space Optics

Free Space Optics (FSO) communications meaning that the
transmission of modulated visible or infrared beams through
the atmosphere to obtain optical communications [13]. FSO. as
shown in Figure 2. Demonstrates a typical free space optical
link, rather than through a conductor such as a wire or fiber,
or through a waveguide of some sort. Another important fea-
ture of FSO is that it is unaffected by electromagnetic interfer-
ence and radio frequency interference, which increasingly
plague radio based communication systems. FSO systems are
used in disaster recovery applications and for temporary con-
nectivity while cabled networks are being deployed. Free
space optical communication is merely effected by atmospher-
ic distortion. FSO will become most secure and high speed
medium of data transmission [14].
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Fig. 2. An Overview of Free Space Optics FSO System
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3 System Model in OptiSystem

The OptiSystem software is developed by optiwave to per-
form complex optical communication simulation. It provides
an easy user interface which is common to many other electri-
cal engineering tools. The OptiSystem software is suitable to
be used to model and simulate fiber optic system, free space
optic system FSO and also OWC system. The design was then
improved by expanding the optical transmitter and receiver
with specific three channel single mode optical fiber , free
space optic channel FSO and Optical Wireless Communication
OWC channel. The proposed block diagram to simulate
transmission system with SMF , FSO channel and OWC chan-
nel is shown in figure 3. Consist of optical transmitted to gen-
erate optical signals supplies input signal with 1550 nm wave-
length and input power of 10 dBm which is externally modu-
lated at 10 G bits/s. with a non-return-zero (NRZ) pseudoran-
dom binary sequence, divider distributed power into the three
channel, optical receiver has cutoff frequency is 0.75 Bit rate
Hz and eye diagram analyzer is used to read output signal
and figures will be processed as images. You need to embed
the images in the paper itself. Please don’t send the images as
separate files. power, maximum Q. factor and minimum bite
error rate, and Optical Spectrum Analyzer (OSA), for moni-
toring output signals after each component.

Fig3. An.The designed model of simulated system with Opti system
software

4 .RESULTS AND DISCUSSIONS

The simulation and optimization of the design is done by
OptiSystem simulation software. The eye diagrams and results
of output signal power, bite error rate (BER) and maximum Q.
factor at receiver are tabulated into Figure 4 until Figure 12 .
by using three different channel with variable length of optical
communication the related graphs are also plotted as shown in
Figure 10, 11 and 12.
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Fig.5. Optical channel of length 2 km (a) Eye diagram of SMF (b) Eye dia-
gram of FSO.(c) Eye diagram of OWC.
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Fig.6.Optical channel of length 3 km (a) Eye diagram of SMF (b) Eye dia-
gram of FSO.(c) Eye diagram of OWC.
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Fig.7.Optical channel of length 4 km (a) Eye diagram of SMF (b) Eye dia-
gram of FSO.(c) Eye diagram of OWC.
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Fig.8.0Optical channel of length 5 km (a) Eye diagram of SMF (b) Eye dia-
gram of FSO.(c) Eye diagram of OWC.

In Figure 9 explain the reading of optical spectrum analyzer for
three channels at 1km .
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Fig 9. Optical channel of length 1 km (a) Optical Spectrum of SMF (b) Optical
Optical Spectrum of FSO.(c) Optical Spectrum of OWC
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Fig.10. A graph showing length of optic channel vs signal power using
three channel.
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Figll. A graph showing length of optic channel vs signal power using
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Figl2. A graph showing A graph showing length of optic channel vs
min BER using three channel

The system performance can be evaluated in many ways
such as by analyzing the BER and Q-factor. BER can be said to
be the ratio of the number of bit errors detected in the receiver
and the number of bits transmitted. Bit errors happen as the
result of incorrect decisions being made in a receiver due to
the presence of noise on a digital signal. Typically, as a quality
factor, Q is a one of the important indicators to measure the
optical performance by which to characterize the BER. From
figure 4 until figure 8 explain output eye diagrams of three
channels, for different transmission distances give a very good
eye opening at SMF and OWC channels but can very narrow
eye diagrams for FSO channel because increasing noise and
interference by increase distances

As seen from figure 10 until figure 12, when compare the
result for use three channels, show that all reading at 5km
range through used three type of channels, then the signal
power factor with OWC channel is -1.08dBm , max Q-factor
1550.7 and MIN. BER is zero. For SMF the signal power is -
15.4 dBm, max Q-factor 134.67 and MIN. BER is zero . An the
end FSO channel the signal power is -83.41dBm , max Q-factor
zero and MIN. BER is one. Also, it can be obtained from result
that increase in range length of the three channels leads to
decrease expensioly in signal power and maximum Q. factor,
then also degradation power in the case of the single mode
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fiber(SMF) and OWC channels with increased rang of chan-
nels give best result compare with FSO channel. Figurell dis-
play the influence a variable change in long of the channels on
the performance of transmission system, increase the rang of
channel caused decreasing in Q. factor .In this figure the
OWC channel will be gives the best result. In Figure 12 when
the rang is change, making the system BER performance is
increced for FSO channel approximation to one , will the two
channel SMF and OWC stay constant on zeros .

5 CLUSIONCON

In this research study three optic communication channels
was the conclusion of the results obtained through the use of
program optisystem software and by reading obtained from
the figure shapes The above found that the ability emerging
each channel carrying up along the optical path and also
proved by seen from above results, that the channel communi-
cations wireless and single mode fiber are give the best results
i.e. reduced the value of minimum bit error rate the best chan-
nel and increased the values of signal output power and the
quality factor when compared with other channels FSO chan-
nel, the value of bite error rate remained constant do not
change with the variable length of optical path for both SMF
and OWC channel, this gives indication that channel FSO is
not working within the long rang of propagation and limited
for a few hundred meters . a conclusion may review the main
points of the paper, do not replicate the abstract as the conclu-
sion. A conclusion might elaborate on the importance of the
work or suggest applications and extensions. Authors are
strongly encouraged not to call out multiple figures or tables
in the conclusion— these should be referenced in the body of
the paper.
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