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Traditional erbium doped fiber amplifiers EDFA (unidirectional signaling) can only
amplify signals propagating in a single direction, as some isolators must be installed to
eliminate the reflections from end faces and fusion points. This means the amplifiers
only amplify signal in one direction over a fiber. For long haul transmission, many
amplifiers are placed along each single mode fiber. Total numbers of the amplifiers will
be the number of the amplifier over a fiber multiply by the number of the fibers in the
cable. This means a large number of amplifiers are required thus increasing a high cost.
In order to reduce the system cost, and increase the capacity, many studies have been

done using bi-directional signaling in a single fiber (duplex), through one or two

separate amplifiers.

In this work, a bi-directional signaling technique has been exploited, this in order to

amplify the signals bi-directionally, over two single mode fibers (unidirectional). This is
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achieved by using two circulators instead of isolators at the terminals of the EDFA. The
main goal is to reduce the number of amplifiers in the optical communication system,
which results in a decrease in the system cost. The new system is tested by laboratory
experiments. From the results, it is found that the system has the same characterizations
as bi-directional EDFA amplifiers, (i.e. independent amplification, medium gain, low
ASE), as expected. Reflections also occur. The system has high reflection when the
difference in the input powers of the bidirectional signals is high. This causes different
gains and different amplified powers. The reflection of the signal which has higher input
power is associated with the other main signal (over the other fiber). The system shows
the best performance, when the difference in the input powers (for the two fibers) is

small and is even better when the bidirectional signals have the same input powers.

In conclusion, the project objectives have been achieved, and the system can reduce the
number of the amplifiers to as much as 50% of that in a unidirectional propagating
system, due to the fact that, two fibers can now share one amplifier and results in cost

reduction by almost 50%. Furthermore, the approach is flexible and simple.
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Secara tradisinya EDFA (Erbium Doped Fiber Amplifier) adalah penguat satu hala yang
mana ia hanya menguatkan isyarat yang merambat didalam satu arah sahaja. Isolator
mestilah dipasang untuk mengelakkan belakunya balikan dari arah yang bertentangan ke
titik penghantar. Ini bermakna penguat hanya akan menguatkan isyarat di dalam satu
hala sahaja. Bagi penghantaran jarak jauh, penguat di gunakan di beberapa tempat di
sepanjang fiber untuk menguatkan isyarat. Jumlah keseluruhan penguat yang di gunakan
didalam sistem, merupakan jumlah penguat yang di gunakan didalam setiap fiber
didarab dengan jumlah bilangan fiber yang di gunakan. Ini bermakna banyak penguat di
perlukan serta memerlukan kos yang tinggi. Bagi mengurangkan kos serta meningkatkan
kapasiti, banyak kajian telah di jalankan menggunakkan penisyaratan dua hala didalam

satu fiber melalui satu atau dua penguat yang berasingan.



Didalam kajian ini teknik pengisyaratan dua hala di perkenalkan dalam usaha untuk
menyuatkan isyarat di dalam dua arah bagi dua fiber satu mode. Ini dapat dicapai dengan
menggunakan dua Isolator berbanding satu Isolator pada terminal EDFA. Tujuan utama
adalah untuk mengurangkan bilangan penguat di dalam sistem komunikasi optik yang
mana akan dapat mengurangkan kos keseluruhan sistem. Sistem baru ini telah diuji di
dalam makmal. Bagi membolehkan simulasi sistem dapat di buat, isyarat yang telah di
modulat daripada Penanalisa SDH di biarkan melalui Fiber 1, manakala Sumber Tunable
Laser di laraskan pada lebarjalur yang berlainan untuk menghasil isyarat pada fiber 2.
Daripada keputusan yang di perolehi, sebagaimana yang telah di anggarkan sistem
tersebut mempuyai ciri-ciri yang sama dengan penguat EDFA dua hala, yang mana
penguat mempunyai gandaan bebas dan sederhana serta mempunyai rendah ASE
disamping itu balikan juga terjadi. Sistem akan mempunyai balikan yang tinggi apabila
terdapat perbezaan antara kuasa masukan bagi isyarat duahala yang tinggi. Selalunya
balikan terjadi daripada isyarat yang kuasa masukan yang tinggi. Manakala sistem

mempunyai prestasi yang baik apabila kuasa masukan isyarat dua hala adalah sama.

Sebagai kesimpulan, objektif projek ini telah di capai, dimana penggunaan penguat
dapat di kurang kan sehingga 50% bagi sistem perambatan satu hala. Ini adalah kerana
dua fiber akan berkongsi satu penguat dan dapat mengurangkan kos sebanyak 50%.

Sistem baru ini adalah fleksible, mudah dan mempunyai cirri-ciri EDFA dua hala.
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CHAPTER 1

INTRODUCTION

Light has been used for thousands of years for communications, a feat which man being
an intellectual creature needs. This need has created a myriad of astonishing devices

employed in communication systems used for sending messages from one point to

another at a distant place.

Many forms of communication systems have appeared over the years. The basic
motivation behind each new form is to improve the transmission fidelity, increase the
data rate so that more information can be sent, and increase the distance between the
relay stations. Fiber optic communication systems could overcome almost all

shortcoming and problems found in conventional communication systems.

1. 1 The Importance of Fiber Optics Communication

The major characteristic of a telecommunication system is unquestionably its
information- carrying capacity; capacity is the most prized feature that most users need.

A copper wire can carry a signal up to IMHz over a short distance. A coaxial cable can
propagate a signal up to 100MHz. Radio frequencies are in the range of SO0MHz to

100MHz. Microwaves, including satellite channels; operate up to 100GHz [1]. Fiber
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optic communication system uses light as the signal carrier; light frequency is between
100 and 1000THz. The explosive growth of Internet traffic, deregulation and the
increasing demands of users forced the telecommunications companies (Telco’s) to
increase the capacity of their networks. Only optical networks could deliver the required
capacity as the bandwidth on demand is now synonymous with wavelength on demand.
Beside the large capacity of optical communications bandwidth, there is still a number of
extremely attractive features of optical systems such as weight/size of the fibers, signal
security, low transmission loss, flexibility and the reliability. System reliability is
generally enhanced in comparison with conventional electrical conductor systems.
Furthermore, the reliability of the optical components is no longer a problem with

predicted lifetimes of 20 to 30 years [2]. All these factors also tend to reduce the

maintenance time and costs.

The telecommunications industry’s insatiable appetite for capacity, the bandwidth of
commercial systems has increased more than a hundredfold, the potential information
that can be carried by a single fiber optic channel is estimated at SO terabits a second
(Tbit/s). However from a practical standpoint, commercial links have transmitted far
fewer than 100 Gb/s, already an astonishing amount of data in itself that cannot be
achieved with any other transmission medium. Researchers and engineers are working to
develop new techniques that approach the potential capacity limit. Two recent major
technological advances; Wavelength Division Multiplexing (WDM) and Erbium Doped
Fiber Amplifier (EDFA), have boosted the capacity of existing systems. They have

brought significant improvements in the capacity of the system now in development;
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WDM is fast becoming the technology of choice in achieving smooth, manageable

capacity expansion.

1.2 The Need for Optical Amplifiers

The essential elements for telecommunication networks are a transmitter, a transmission
medium and a receiver, and in an optical system these devices are represented by a
semiconductor laser, an optical fiber, and a photodiode, respectively. However, a look
back over the history of telecommunications also reveals how amplifiers have played a
vitally important role in the field. Without amplifiers, the present boom in
communications system would have been impossible, let alone prospects of amplifying
extremely weak signals from deep space probes. In this sense, the realization of optical
amplification technology involving the direct amplification of light signals has long been
a dream of many people who are working in fiber optic communication field. Optical
amplification technology has a wide range of possible uses. Not only it is applicable to
trunk transmission lines to compensate the loss; it is also used in the optical networking

to compensate for the signal splitting losses in the access networks.

1.2.1 Loss in the System

Every transmission line introduces some loss in the signal power. In general all losses in

optical fiber can be classified into two general categories: intrinsic and extrinsic. Intrinsic

losses are those associated with a given fiber material and cannot be removed by any
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improvements in the fabrication and operation processes. Extrinsic losses are those
associated with fabrication, cabling, and installation process, and theoretically, can be

eliminated under ideal conditions.

Loss which is also known as attenuation is the decrease in light power during the propa-
gation of light along an optical fiber. Attenuation plays a major role in the design of an
optical system because it determining the maximum transmission distance between the
transmitter and the receiver or on inline amplifier system. The attenuation takes place in

a fiber due to absorption, scattering and radiative losses of optical energy [3].

Optical fibers
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Figure 1.1: The Basic Attenuation vs. Wavelength
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wavelengths characteristics is shown Figurel.l. Losses are mainly contributed by

absorption, scattering and bending.
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