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ABSTRACT

Wavelength division multiplexing is an optical technology that employs transmission of multiple
data signals over a single optical fiber. Nonlinearities of optical fiber lead to distortion and
attenuation of optical signals, resulting in degradation of WDM systems. Common nonlinear
optical effect in fibers is due to refractive index. In the first case we demonstrate Quality factor
performance resulting from XPM effect for NRZ and RZ soliton transmitting formats at 10 Gh/s
with channel spacing of 12.5 GHz. XPM is limiting factor when gain of EDFA is small. RZ
soliton is better than NRZ at small distance of 200 km and at large distance of 3200 km. Core
effective area is key parameter to get higher Quality factor. In second case, ring optical network
has been demonstrated and analyzed at each node with bit rate of 2.5 Gbps, 5Gbps and 10 Gbps
for different modulation formats like NRZ rectangular, NRZ raised cosine, RZ soliton, RZ super
gaussian, RZ raised cosine and RZ rectangular. The distance between the nodes is set to 120km
(SMF+DCF). Semiconductor optical amplifier after each node enhances the power level. The
effect of insertion losses for a wide range of 40 dB to 100 dB is analyzed and it seen that RZ-
soliton is performing better among all modulation driving schemes. It is seen that by using RZ
soliton format system can exist up to 95 dB of insertion loss. The effect of OADM bandwidth is
also analyzed and it is seen that after 10 GHz bandwidth there is huge rise in the system
performances for NRZ rectangular and RZ soliton In the last we investigate the performance of
256 channel WDM system with channel spacing of 25 GHz and 50 GHz with bit rate of 2.5 Gbps
at different distances. We analyze the result at the receiving frequencies like 193.025 GHz,
193.225 GHz, 193.35GHz, 193GHz, 195.2GHz, 195.075GHz, 195.175GHz, 195.425 GHz. We
see that performance of the system is better for 50 GHz spacing.
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CHAPTER 1
INTRODUCTION

1.1 Introduction to Fiber Optical Communication:

Since the mid 90’s, optical fibers have been used for point to point communication at a very
high speed. Fiber-optic communication is a method of transmitting information from one
place to another by sending light through an optical fiber. Fiber-optic communication
systems have revolutionized the telecommunications industry and played a major role in the
advent of the information age. Often the optical fiber offers much higher speed than the
speed of electronic signal processing at both ends of the fiber. Because of its advantages over
electrical transmission, the use of optical fiber has largely replaced copper wire
communications in the developed world.

The main benefits of fiber are its exceptionally low loss, allowing long distances between
amplifiers or repeaters and its inherently high data-carrying capacity, such that thousands of
electrical links would be required to replace a single high bandwidth fiber. Another benefit of
fiber is that even when run alongside each other for long distances, fiber cables experience
effectively no crosstalk, in contrast to some types of electrical transmission lines. The main
advantages of the optical fiber communications are the high speed, large capacity and high
reliability by the use of the broadband of the optical fiber. The huge bandwidth of optical
fiber communication system can be utilized to its maximum by using multiple access
techniques. So to be able to take the full advantage of the speed in optical fibers one of the
basics concepts in fiber optic communication is the idea of allowing several users to transmit
data simultaneously over the communication channel by simultaneously allocating the
available bandwidth to each user. This is called multiple accesses. There are two types of
multiple access techniques: Asynchronous and Synchronous. Asynchronous multiple access
methods, where network access is random and collisions occur are well suited to LAN's with
low traffic demand [1]. However, these asynchronous access methods suffer from cumulative
delay as the traffic intensity increases. On the other hand, synchronous accessing methods,
where transmissions are perfectly scheduled provide more successful transmissions than

asynchronous methods [2].



1.2 Multiplexing

Since the first wires were laid for telegraphs in the 1800’s, the drive has been to increase the
amount of information that can be sent in a given interval. In the early years of telegraphs,
telephones, and other telecommunications, the simple and obvious solution was to add more
lines of communication. The increased cost of wire-laying and maintenance quickly built up,
however, and a new answer to the problem had to be invented. The answer was multiplexing,

in which more than one signal is sent over the same line [3].

1.2.1 Types of multiplexing techniques

The commonly used multiplexing techniques are TDM and WDM.
(a) TDM: Time division multiplexing (TDM) is the least efficient form of multiplexing. In
TDM, multiple signals are transferred, but each one is sent in parts, as seen in the figure

below:
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Figure 1.1: Time division multiplexing [3]

It is clear in the figure that two thirds of each signal is lost due to the division of time that
gives TDM its name. This form of multiplexing is uneconomical for digital information
transfers, as much of the signal from each source is lost. If the number of users on a line is
high, or if there are about the same number of users on a line at all times, a new multiplexing

scheme should be used [3].



(b) WDM: Since wavelength and frequency are closely related to each other, this form of
multiplexing is often called frequency division multiplexing (FDM). Each WDM fiber has a
certain bandwidth—the range of frequencies it can carry [2]. One advantage of WDM is that
every user can transmit information at the highest rate possible all the time. WDM does not
change transfer rates in proportion to the number of users on the line. Another large benefit
to WDM is that it increases the amount of information that can be transferred without
significant loss of signal integrity. In any two fibers of the same quality, one signal will be
lost just as fast as ten or more, so there is nothing to be lost and much to be gained from
WDM. Even with the new solution to the bandwidth bottleneck, the ground gained by WDM

was lost quickly, and another step forward had to be made [3].

Tx = Transmitter
Wavelength Wavelength
Multiplexer Rx = Receiver Demulliplexer

Figure 1.2: Wavelength division multiplexing [3]

Two different version of WDM can be defined below:

I.  Coarse Wavelength Division Multiplexing(CWDM)
ii.  Dense Wavelength Division Multiplexing(DWDM)

1.2.1.1 Coarse Wavelength Division Multiplexing (CWDM)
Coarse wavelength division multiplexing (CWDM) is a method of combining multiple

signals on laser beams at various wavelengths for transmission along fiber optic cables, such
that the number of channels is fewer than in dense wavelength division multiplexing
(DWDM) but more than in standard wavelength division multiplexing (WDM) [4].



CWDM systems have channels at wavelengths spaced 20 nanometers (nm) apart, compared
with 0.4 nm spacing for DWDM. This allows the use of low-cost, lasers for CWDM. In a
typical CWDM system, laser emissions occur on eight channels at eight defined
wavelengths: 1610 nm, 1590 nm, 1570 nm, 1550 nm, 1530 nm, 1510 nm, 1490 nm, and 1470
nm. But up to 18 different channels are allowed, with wavelengths ranging down to 1270 nm.
The energy from the lasers in a CWDM system is spread out over a larger range of
wavelengths than is the energy from the lasers in a DWDM system. The tolerance (extent of
wavelength imprecision or variability) in a CWDM laser is up to =+ 3 nm, whereas in a
DWDM laser the tolerance is much tighter [4]. Because of the use of lasers with lower
precision, a CWDM system is less expensive and consumes less power than a DWDM
system. However, the maximum realizable distance between nodes is smaller with CWDM.

1.2.1.2 Dense Wavelength Division Multiplexing (DWDM):

Dense wavelength division multiplexing, or DWDM for short, refers originally to optical
signals multiplexed within the 1550 nm band so as to leverage the capabilities (and cost) of
erbium doped fiber amplifiers which are effective for wavelengths between approximately
1525-1565 nm (C band), or 1570-1610 nm (L band). EDFAs were originally developed to
replace SONET optical-electrical-optical regenerators, which they have made practically
obsolete. EDFAs can amplify any optical signal in their operating range, regardless of the
modulated bit rate. In terms of multi-wavelength signals, so long as the EDFA has enough
pump energy available to it, it can amplify as many optical signals as can be multiplexed into
its amplification band. EDFAs therefore allow a single-channel optical link to be upgraded in
bit rate by replacing only equipment at the ends of the link, while retaining the existing
EDFA or series of EDFAs through a long haul route [4]. Furthermore, single-wavelength
links using EDFAs can similarly be upgraded to WDM links at reasonable cost. The EDFAs
cost is thus leveraged across. as many channels as can be multiplexed into the 1550 nm band.
We will discuss about the ring network topology. A ring network is network in which no.of
nodes connected in a ring. But no of nonlinearities arise in the channel. These nonlinearities

are described below.



1.3 Origins of Nonlinearities

A number of nonlinearities arise in the optical fibers which are the causes of the various
unwanted effects in the optical fiber.

1.3.1 Optical Kerr Effect

The optical Kerr effect or AC Kerr effect is the case in which the electric field is due to the
light itself. This causes a variation in index of refraction which is proportional to the local
irradiance of the light. This refractive index variation is responsible for the nonlinear optical
effects of self-focusing and self-phase modulation. This effect only becomes significant with
very intense beams such as those from lasers. In fact, phase modulation due to intensity
dependent refractive index induces various nonlinear effects, namely, self-phase modulation
(SPM), cross-phase modulation (CPM), and four-wave mixing (FWM) [5].

1.3.2 Self Phase Modulation (SPM)

Phase modulation of an optical signal by itself is known as self-phase modulation (SPM).
SPM is primarily due to the self-modulation of the pulses. Generally, SPM occurs in single-
wavelength systems. At high bit rates however, SPM tends to cancel dispersion. However,
consideration must be given to receiver saturation and to nonlinear effects such as SPM,
which occurs with high signal levels. SPM results in phase shift and a nonlinear pulse spread.
As the pulses spread, they tend to overlap and are no longer distinguishable by the receiver.
The acceptable norm in system design to counter the SPM effect is to take into account a
power penalty that can be assumed equal to the negative effect posed by XPM [6]. By the
SPM-impact new spectral components are generated in the optical signal spectrum resulting

in a spectral broadening.

1.3.3 Cross Phase Modulation (XPM)

Cross-phase modulation (XPM) is a nonlinear effect that limits system performance in
wavelength Division Multiplexed (WDM) systems. XPM is the phase modulation of a signal
caused by an adjacent signal within the same fiber. XPM is related to the combination

(dispersion/effective area). XPM results from the different carrier frequencies of independent



channels, including the associated phase shifts on one another. The induced phase shift is due
to the walkover effect, whereby two pulses at different bit rates or with different group
velocities walk across each other. As a result, the slower pulse sees the walkover and induces
a phase shift. The total phase shift depends on the net power of all the channels and on the bit
output of the channels. Maximum phase shift is produced when bits belonging to high-
powered adjacent channels walk across each other [5].

1.3.4 Four Wave Mixing (FWM)

FWM can be compared to the inter modulation distortion in standard electrical systems.
When three wavelengths (A1, A2, and A3) interact in a nonlinear medium, they give rise to a
fourth wavelength (A4), which is formed by the scattering of the three incident photons,
producing the fourth photon. This effect is known as four-wave mixing (FWM) and is a
fiber-optic characteristic that affects WDM systems [6]. The effects of FWM are pronounced
with decreased channel spacing of wavelengths and at high signal power levels. High
chromatic dispersion also increases FWM effects. FWM also causes inter channel cross-talk
effects for equally spaced WDM channels

1.4 Ring Network:

Figure 1.3: Ring Network [7]

SONET is the most widely used optical network infrastructure today. In a SONET ring
network, WDM is mainly used as a point-to-point transmission technology. Each wavelength
in such a SONET/WDM network is operated at OC-N line rate, e.g., N = 48. The SONET
system's hierarchical TDM schemes allow a high-speed OC-N channel to carry multiple OC-
M channels. The ratio of N and the smallest value of M carried by the network is called



"grooming ratio”. Electronic add-drop multiplexers (ADMs) are used to add/drop traffic at
intermediate nodes to/from the high-speed channels [7]. With the progress of WDM, over a
hundred wavelengths can now be supported simultaneously by a single fiber. It is, therefore,
too costly to put the same amount of ADMs (each of which has a significant cost) at every
network node since a lot of traffic is only bypassing an intermediate node [8]. With the
emerging optical components such as optical add-drop multiplexers (OADM) (also referred
to as wavelength add-drop multiplexers (WADM)), it is possible for a node to bypass most of
the wavelength channels optically and only drop the wavelengths carrying the traffic destined
to the node. Figure 1.4 shows the architecture of a typical node in a SONET/WDM ring
network. For some wavelengths, since there is no need to add or drop any of its timeslots,
they can be optically bypassed at the node. For other wavelengths (A2 and A3) where at least
one timeslot needs to be added or dropped, an electronic ADM is used. Compared with the
wavelength channel resource, ADMs form the dominant cost in a SONET/WDM ring
network. Hence, carefully arranging these optical bypasses can reduce a large amount of the
network cost. It is clear that using OADMs can decrease the number of SONET ADMs

needed in the network and eventually bring down the network cost.

Fiber

Local Add

Local Add

Local Drop

Local Drop

Figure 1.4: Architecture of a WDM ring network node [8]

Metropolitan networks have been attracting much attention as they impose a bandwidth
bottleneck between the local access networks and the backbone. The deployed circuit-
switched SONET rings are relatively inefficient for dynamic traffic, and although several
approaches to adapt circuit-switched techniques to data traffic are in the standardization
stage, many efforts are oriented to the design of packet-switched techniques combined with
WDM to increase the bandwidth.



There is a limit on the number of nodes in the network. It is difficult to increase the number
of nodes M, in the ring since the network needs M wavelength channels and each node needs
M -1 receiver to accept dropped optical signals from the ring .The RingO (ring optical
network) metro network is a unidirectional fiber ring network that comprises N nodes, where
N equals the number of wavelengths each node is equipped with an array of fixed-tuned
transmitters and one fixed-tuned receiver operating on a given wavelength that identifies the
node. Node j drops wavelength j from the ring. All wavelengths are slotted with the slot
length equal to the transmission time of a fixed size data packet plus guard time [9]. Each
node checks the state of the wavelength occupation on a slot by slot basis, avoiding collisions
by means of a multichannel generalization of the empty slot approach (in the empty slot
approach one bit at the beginning of each slot indicates the state of the corresponding slot..
This access mechanism gives priority to in transit traffic by allowing a monitoring node to
use only empty slots. Because a ring topology provides only one pathway between any two
nodes, ring networks may be disrupted by the failure of a single link. A node failure or cable
break might isolate every node attached to the ring. FDDI networks overcome this
vulnerability by sending data on a clockwise and a counterclockwise ring in the event of a
break; data are wrapped back onto the complementary ring before it reaches the end of the
cable, maintaining a path to every node along the resulting C-Ring. An optical ring network
using photonic packet switching devices is designed here. The optical ring network consists
of optical switching nodes linked by fiber optic cables to form a closed optical path. In ring
network at each node we used Optical add drop multiplexer for add/drop of channels.
Description of OADM is given below.

1.5 OADM

An optical add-drop multiplexer (OADM) is a device used in Wavelength division
multiplexing systems for multiplexing and routing different channels of light into or out of a
single mode fiber (SMF). This is a type of optical node, which is generally used for the
construction of optical telecommunication networks. "Add" and "drop" here refer to the
capability of the device to add one or more new wavelength channels to an existing multi-
wavelength WDM signal, and/or to drop (remove) one or more channels, passing those
signals to another network path. An OADM may be considered to be a specific type of
optical cross connects.
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Figure 1.5: Internal structure of OADM [10]

A traditional OADM consists of three stages: an optical demultiplexer, an optical
multiplexer, and between them a method of reconfiguring the paths between the optical
demultiplexer, the optical multiplexer and a set of ports for adding and dropping signals. The
optical demultiplexer separates wavelengths in an input fiber onto ports. The reconfiguration
can be achieved by a fiber patch panel or by optical switches which direct the wavelengths to
the optical multiplexer or to drop ports. The optical multiplexer multiplexes the wavelength
channels that are to continue on from demultiplexer ports with those from the add ports, onto
a single output fiber [10]. All the light paths that directly pass an OADM are termed cut-
through light paths, while those that are added or dropped at the OADM node are termed
added/dropped light paths. An OADM with remotely reconfigurable optical switches in the
middle stage is called a reconfigurable OADM (ROADM). Ones without this feature are
known as fixed OADMs. While the term OADM applies to both types, it is often used
interchangeably with ROADM. A reconfigurable optical add-drop multiplexer (ROADM) is
a form of optical add-drop multiplexer that adds the ability to remotely switch traffic from a
WDM system at the wavelength layer. This is achieved through the use of a Wavelength
selective switching module. This allows individual or multiple wavelengths carrying data
channels to be added and/or dropped from a transport fiber without the need to convert the
signals on all of the WDM channels to electronic signals and back again to optical signals.

The main advantages of the ROADM are:
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e The planning of entire bandwidth assignment need not be carried out during initial
deployment of a system. The configuration can be done as and when required without
affecting traffic already passing the ROADM.

« ROADM allows for remote configuration and reconfiguration.

e In ROADM, as it is not clear beforehand where a signal can be potentially routed,
there is a necessity of power balancing of these signals. ROADMs allow for

automatic power balancing.

The switching or reconfiguration functions of a ROADM can be achieved using a variety of
switching technologies including MEMS, Liquid crystal, thermo optic and beam-steering

switches in planar waveguide circuits, and tunable optical filter technology [6].

Reconfigurable OADMSs can be divided into two main generations. The first is mainly
applied in linear network configurations and does not support optical path protection, while
the second is applied in ring configurations and provides optical layer protection. The two
most common examples of fully-reconfigurable OADMs, i.e., wavelength selective (WS) and
broadcast selective (BS) architectures, are illustrated in Figure. 1.6 and Figure 1.7

Out
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Figure 1.6: Broadcast Selective [6]
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Figure 1.7: Wavelength Selective [6]

The WS architecture utilizes wavelength de-multiplexing/multiplexing and a switch fabric
interconnecting express and add/drop ports, while the BS is based on passive
splitters/couplers and tunable filters. The overall loss introduced by the through path of the
BS solution is noticeably lower than the loss of the WS approach, significantly improving the
optical signal-to-noise ratio of the node and therefore its concatenation performance in a
practical transmission link or ring. In addition, the BS design offers superior filter
concatenation performance, 'advanced features such as drop and continue, and good
scalability in terms of add/drop percentage

1.6 Modulation Formats

This component simulates an electrical driver. It converts the logical input signal, a binary
sequence of zeros and ones into an electrical signal. Several mapping laws are available,
ranging from simple ones, such as NRZ and RZ rectangular shaped, to NRZ raised cosine,
RZ raised cosine, RZ supergaussian and RZ soliton shaped pulses [12].

11



1.6.1 NRZ Rectangular

This component simulates the NRZ rectangular driver. It has an electrical output signal
which can assume one of the two electrical levels depending on the transmitted bit. When a
"1" is fed into the driver, the output signal is at the Low Level during the entire bit time.
When a "0" is fed into the driver, the output signal is at the High Level during the entire bit
time. Switching between the two levels may be instantaneous if the field Time Slope is set to
zero, or not otherwise, with the desired time slope.

1.6.2NRZ Raised Cosine

This component simulates the NRZ raised cosine driver. As for the NRZ rectangular driver
the output signal has two levels: one for ones and the other for zeros. Switching between the
two levels is not instantaneous: it follows a raised cosine shape with a given roll-off. The
difference between this driver and the RZ raised cosine pulse driver lies in the fact that in the
RZ modulation the signal is forced to return to the "0" level at the end of the each bit, also if
there are two consecutive bits at the "1" level. The raised cosine waveform, when the driver
is connected to a linear optical modulator, can shape either the optical amplitude or the
optical power.

1.6.3 RZ Rectangular

This component simulates the RZ rectangular driver. It has an output signal that can assume
two electrical levels. When a "1" is transmitted, the output signal is at the High Level for a
time equal to the product of the duty cycle by the bit time. Then it goes down to the Low
Level for the remaining time. When a "0" is transmitted, the output is constant at the low
level for the entire bit time. Switching between the two levels is instantaneous with resulting

square edges

1.6.4 RZ Raised Cosine

This component simulates the RZ raised cosine driver. As for the RZ rectangular driver, it
has an output signal with levels and the typical return to zero of the waveform when one is

transmitted after a time dependent from the duty cycle parameter. The difference lies in the

12



fact that switching between the two levels is not instantaneous: it follows a raised cosine
shape with a given roll-off. The raised cosine waveform, when the driver is connected to a
linear optical modulator, can shape either the optical amplitude or the optical power.

1.6.5 RZ Supergaussian

This component simulates the RZ supergaussian driver. When “1” is transmitted it generates
a pulse with supergaussian shape. When a "0" is transmitted, the output signal is set to the
Low Level for the entire bit time.

1.6.6 RZ Soliton

This component simulates the RZ soliton driver. When a "1" is transmitted it generates a
pulse with soliton shape. When a "0" is transmitted the output signal is set to the Low Level
for the entire bit time. Considering a time origin in the middle of the bit time (where the
pulse peak is centered), when a "1" is transmitted.

1.7 OptSim

The core version of OptSim was first developed in 1983 by the Optical Communication
Group of Politecnico di Torino [10]. The optical simulation software was originally known as
TopSim, a transmission system simulation package, which was developed for mobile and
satellite communication. TopSim was furthered improved with the addition of a library for
optical systems and after continuous refinement efforts by the simulation specialists of
Politecnico di Torino, the simulation software was later known as OptSim. OptSim is an
advanced vectorial fiber simulator tool that takes into account all important phenomena
including fiber loss, chromatic dispersion, birefringence, polarization mode dispersion
(PMD) and Kerr non-linearity and amplified spontaneous emission accumulation. OptSim is
one of the two high-end commercial system simulators that are capable of calculating more
than 15,000 km of non-linear fiber with high precision in a reasonable time. The fiber is
simulated by solving the nonlinear Schrodinger equation using a modified version of the
standard Split-Step Fourier (SSF) method, which solves the problems related to the cyclical

numerical convolution effects intrinsic to the standard SSF method by implementing a true
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linear numerical convolution by means of component processing techniques (overlap-and-
add algorithm) [11]. This method has allowed extremely long fiber links to be simulated on a
large window (thousand of bits at standard bit rates) with excellent accuracy. OptSim is
actually the fastest simulator because all the simulation components are based on a time
domain computation [10]. With OptSim, it is possible to model very closely a “real” ultra-
long haul system and achieve realistic results. In addition, continuous refinement of the
design parameters can be performed to achieve optimal results, which is difficult to perform
in the hardware implementation environment because it can be costly, time consuming and

relatively inflexible.

1.7.1 System Requirements for OptSim:

The Windows versions require for OptSim Windows 2000/XP. OptSim is not guaranteed to
work under Windows 95/98/NT. OptSim will also run under Linux and various UNIX using
X Windows or XFree86 and Motif. Hardware requirements areas follow [12]:

* Pentium Il 400 MHz

* Minimum of 64 Mbytes of RAM for data processing. 128 Mbytes of RAM for faster
processing time.

* 100 Mbytes of free space for complete OptSim installation.

* A PostScript compatible printer to print the schematics or graphs created with OptSim.

* A Color graphic display with resolution of 1024x768 pixels or higher.
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CHAPTER 2
LITERATURE REVIEW

2.1 Literature Review

Charles A. Bracckett [13] reported very broad bandwidth of low-loss optical transmission in
a single-mode fiber and the recent improvements in single-frequency tunable lasers have
stimulated significant advances in dense wavelength division multiplexed optical networks.
This technology, including wavelength-sensitive optical switching and routing elements and
passive optical elements, has made it possible to consider the use of wavelength as another
dimension, in addition to time and space, in network and switch design. The independence of
optical signals at different wavelengths makes this a natural choice for multiple-access
networks, for applications which benefit from shared transmission media, and for networks in
which very large throughputs are required. In this paper they reviewed recent progress on
multi wavelength networks, some of the limitations which affect the performance of such
networks, and presented examples of several network and switch proposals based on these
ideas.

S. W. Bang et al. [14] demonstrated the Q-factor performance of CPM effects and the FWM
power for 32 channels NRZ and optical soliton transmission systems. When increased gain
values for the EDFAs were used overall, the Q-factor was improved and the generated FWM
power was increased in both the NRZ and optical soliton systems. The Q-factor performance
associated with the CPM effect can be improved by using an LPF in both transmission
systems. The simulation results indicated that the transmission format most resilient to the
fiber nonlinearity was the NRZ format at a fiber length of 200 km. However, the optical
soliton format has better performance than the NRZ format for fiber lengths over 1,000 km.
Since an optical filter cannot efficiently block the newly generated FWM power introduced
along the fiber, the FWM power cannot be suppressed by inserting an optical filter between a

preamplifier and an optical communications receiver.
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D. G. Daut [15] presented that CPM and FWM are significant nonlinear optical effects in
DWDM systems. CPM leads to spectral broadening which may cause severe pulse distortion
while FWM is a nonlinear interaction that can occur between several channels of different
wavelengths. FWM may result in significant crosstalk among the channels in DWDM
systems. Understanding fiber nonlinearities is crucial in order to optimize system
performance. The effects of CPM and FWM in conjunction with various signaling formats in
16 channel systems were evaluated. FWM power within a fiber can be suppressed either by
increasing dispersion values or by applying an appropriate filter. From simulation results
they determined that a DPSK signal is less affected by the generated FWM power than the
other signaling formats. For fibers having large chromatic dispersion, the DPSK signaling
format was recognized as a reliable transmission scheme for alleviating the FWM effect.

N. Kikuchi et al. [17] analyzed the effect of cross-phase modulation (XPM) on wavelength
division multiplexing (WDM) transmissions by experiments and numerical simulations, and
provided the XPM limitation in a normalized and closed form formula. They also
investigated the effect of XPM on dispersion compensated transmissions. It was shown that
the location of dispersion compensators and the amount of Compensation should be
determined by considering the XPM effect. They also showed that the XPM can be enhanced
by the dispersion compensation and affect the optimum scheme and the amount of dispersion
compensation.

Nizar Bouabdallah et al. [18] discussed about the packet-based optical access ring in
metropolitan networks and showed how the proposed solution alleviates the performance
degradation and the resource sub utilization while achieving fairness among bus nodes. In
such a network fairness issues are likely to arise between upstream and downstream nodes
competing to access a common data channel. This paper reported a new protocol called
TCARD (Traffic Control Architecture using Remote Descriptors), based on a preventive
reservation scheme, to alleviate the fairness problems. This paper also provided the analysis
of a shared bus network’s behavior with asynchronous transmission. They analyzed the
system performance in terms of access delay required by each node to inject a packet into the
shared medium. The analysis results show that fairness issues are likely to arise between
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upstream and downstream nodes. They observed that sharing the available bandwidth fairly
and arbitrarily between nodes does not resolve the fairness problem.

Tim Gyselings [19] presented the results of a crosstalk analysis of four optical wavelength
division multiplexed (WDM) cross-connect (OXC) topologies. An optimal set of parameters
was determined to reduce the total crosstalk. The scalability of the topologies was presented
in terms of wavelengths and input fibers. The total crosstalk in function of the number of
cascaded OXC’s was compared for the four topologies. From the comparison between the
different OXC’s he conclude that the performance is limited by the filters. Both switch
matrixes fulfilled the demand. Wavelength converters improved the system and made the
filter requirements less strict. A high input power of the gates resulted in an extra penalty.
Optimal results were obtained if filters were used in front of and behind the switch and if
wavelength converters are applied. A big difference between coherent crosstalk and non
coherent crosstalk has been observed as was expected. He observed that to reduce the
coherent crosstalk, phase scramblers could be used. A calculation in case of coherent
crosstalk gives an upper boundary on the expected crosstalk, a calculation of the incoherent
case results in a lower boundary. If the lower boundary does not meet the requirements better

components are necessary.

G. R. Hill et al. [20] presented an approach to the realization of a future broad-band flexible
transport network employing an optical network layer. The design methodology for a
network demonstrator was presented and a description of the subsystem and component
technology developments described. This paper has presented an approach to the realization
of a future broadband flexible transport network employing an optical network layer. An
important output of the transmission studies has been to gain an appreciation of the factors
such as crosstalk and noise build up that will ultimately set a limit to the dimensions of
network realizations. These parameters were major design issues for multi-wavelength
operation and they will ultimately limit the size of all-optical networks.

Vinod Kumar et al. [6] investigated the effect of inter channel crosstalk at ADM of a ring
network at sweeping bandwidth of filters. At the bit rate of 10 Gbps, ADMs at each node was
modeled by using WDM add and WDM drop components. The distance between nodes was
taken 12.5 and 25 km and an ideal amplifier was inserted just before one of the node to
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compensate for the total fiber loss in the ring. Dispersion and nonlinear effects of fibers were
disabled to observe the crosstalk effect of ADM at sweeping bandwidth from 10 to 40GHz of
fourth-order Bessel filters. The performance of the ring network varied with each sweep
iteration, i.e.as the bandwidth of the WDM add and drop multiplexer was increased from 10
to 40 GHz in steps ,the Q factor of the system, the eye opening increased while the minimum
BER was further reduced. The crosstalk on the other hand increased with increase in bit rate
(speed), the performance of the ring optical network deteriorated. With 10 Gbps the network
was more immune to cross talk than 20 or 40 Gbps. Also with increase in length of the
optical fiber connected between the nodes, crosstalk and the dispersion effects became more
prominent. For a 12.5km fiber length system the eye opening was much wider as compared
to that in the 25km fiber length network

Alan E. Willner et al. [23] analyzed the transmission of many wavelength division-
multiplexed (WDM) channels through a cascade of Erbium-doped fiber amplifiers (EDFA)
in both long-distance links and ring-based networks. For a mega meter long-distance system,
optimal operating conditions were found for achieving a high signal-to-noise ratio (SNR) per
channel with as small an SNR differential as possible between 20 WDM channels spaced 0.5
nm apart. This paper reported that the link loss was the most critical parameter for narrowing
the SNR differential between the 20 channels, and that a 25-dB small signal gain for each
amplifier provides the highest overall SNR for the 20 channels transmitted across 4500 km.
Additionally, through the incorporation of optical filters in a cascade of EDFA's, they
determined the optimal conditions for passively equalizing many WDM channels while
maintaining a high SNR for all channels. It was found that if a notch filter, having a 3-dB
bandwidth of 2 nm and a center wavelength of 1560 nm, is placed after every group of 20
EDFA's, then an equalized SNR performance for potential mega meter transmission is
realized. They also analyzed the critical parameters in an optically amplified WDM ring
network which represented an infinite cascade of amplifiers in a closed loop. They found that
a ring can accommodate 25 nodes when incorporating an EDFA and a channel-dropping
filter in each node, a significant advance over non-amplified rings. They compared several
node configurations, and found that the sequence of an EDFA followed by an optical tap and
then a channel dropping filter provides the best performance for a wide range in system
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variables including input signal power, inter-node link loss and its variability, power-tapping
ratio, and small-signal gain. The relative insensitivity to the variability in link loss allows for
the realization of limited modular expansion of the network. They analyzed the transmission
of many wavelength division- multiplexed (WDM) channels through a cascade of erbium-
doped fiber amplifiers (EDFA) in both long-distance links and ring-based networks, with the
EDFA non-uniform in a closed loop. A ring can accommodate 25 nodes when incorporating
an EDFA and a channel-dropping filter in each node, a significant advance over non-
amplified rings. They compared several node configurations, and determined that the
sequence of an EDFA followed by an optical tap and then a channel dropping filter provides
the best performance for a wide range in system variables including input signal power, inter-

node link loss and its variability, power-tapping ratio, and small-signal gain.

Rajneesh Randhawa et al. [24] presented the Ring O (ring optical network) comprising of
various nodes and the signal was analyzed as it passed through each node in the network. It
had been shown that there is no appreciable signal degradation in the ring network. It was
seen that the signal keeps on improving as it passes through the successive nodes. Also when
the whole ring structure was iterated with the help of spans, then improvement in the signal
was observed. It was also observed that there is no appreciable signal degradation till the
length of the fiber is increased up to 250 km. The effect of increasing the input power was
also studied further, and it was seen that it can support more number of users by increasing
the signal input power. The optical spectrum of the signal was seen at every node, to have the
assessment of the add and drop frequencies in the ring. Ring networks can be used to provide
a cost effective and an easily implementable way of achieving WDM networks. The coverage
of metro area network is possible as ring topology is the main backbone among metropolitan
cities. Here in this paper, the analysis of the ring optical network was done by taking four
nodes. The signal was analyzed as it passes through each node in the ring optical network. It
can be concluded from eye diagrams and jitter values taken at every node that there is no
appreciable signal degradation in the network. It was seen that there is an increase in the
quality factor i.e. signal keeps on improving as it passes through the successive nodes. This is
one of the main advantages of RingO networks. As signal goes from node 1 to node 2 its
quality factor value changes from 6.02 to 30.02. When the whole ring structure is iterated
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with the help of spans, then improvement in the signal value was seen, as it passes through
the various spans .Analysis of the Q factor was done taking different lengths of the fiber. It is
seen that there is no appreciable signal degradation till the length of the fiber is increased up

to 250 km. But after that a decrease in the quality factor can be seen.

Raza U-Mustafa et al. [25] presented the heuristics for grooming of non-uniform general
traffic demands onto a given set of wavelengths available on a unidirectional or bidirectional
ring. The objective was to minimize the number of higher layer equipment, like SONET
Add/Drop Multiplexers (ADMs), or MPLS routers. Moreover, in the case of bidirectional
rings they proposed an approach to route the traffic that reduces the total number of the
required wavelengths and ADMs. In this paper, they presented the grooming of the non-
uniform traffic on unidirectional and bidirectional rings. They also mapped the unidirectional
rings onto a linear topology, and then develop a two-step approach to solve the grooming
problem, while minimizing the number of the wavelengths and the ADMs, for the mapped
topologies.

Girish V. Chowdhary et al. [26] presented the problem of survivable multicast traffic
grooming in WDM bidirectional ring networks. The rapid growth of multicast applications
such as video conferencing, distance learning, and online auction, has initiated the need for
cost effective solutions to realize multicasting in WDM optical networks In order to realize
multicast traffic grooming in bidirectional ring networks, they proposed a node architecture
based on Bidirectional Add Drop Multiplexers (BADM) to support bidirectional add/drop
functionality along with traffic duplication at each node. They also proposed two traffic
grooming algorithms, namely Survivable Grooming with Maximum Overlap of Sessions
(SGMOS) and Survivable Grooming with Rerouting of Sessions (SGRS). Extensive
simulation studies reveal that the proposed algorithms consume minimum resources
measured in terms of BADM grooming ports, backup cost, and wavelengths. In this paper,
they dealt with the problem of realizing survivable multicast traffic grooming in the case of
WDM bidirectional ring networks. They proposed a novel solution which, under link
failures, makes use of the bidirectional transmission capability of the fibers. They also
proposed two algorithms, namely SGMOS and SGRS, to groom multicast sessions with an
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objective to efficiently handle available bandwidth, reduce network resources and protect
multicast sessions from single link failures. The algorithms proposed in this work for the
survivable multicast traffic grooming problem make the assumption that the multicast traffic

demands are static.

Ken-ichi Kitayama et al. [28] studied the optical filtering technique for dense wavelength
division multiplexing (DWDM) channel allocation of millimeter-wave fiber-radio signals in
the optical double-sideband (DSB) format. First, they investigated both theoretically and
experimentally the dispersion effect of fiber Bragg grating (FBG) used as the filter on
DWDM millimeter-wave optical signal transmissions. This result suggested that the
dispersion effect had to be considered in the DWDM channel allocation for millimeter-wave
fiber-radio access systems. Next, they proposed a DWDM allocation for millimeter-wave
fiber-radio systems, which adopted the optical single-sideband (SSB) filtering technique at
the receiver side by using a square response of FBG filter. It could realized the minimum
WDM channel interval for optical DSB signals, while it enables the optical frequency
interleave between the neighboring channels without any serious signal degradation due to

the interchannel interference.

Hung Nguyen Tan et al. [29] proposed and demonstrated a reconfigurable all-optical format
conversion from optical time-division multiplexing (OTDM) to wavelength division
multiplexing (WDM) providing full flexibility in terms of channel spacing and wavelength
allocation. The system consists of a Raman amplification-based multi wavelength pulse
compressor and a parametric sampling gate. Four conventionally generated WDM 10 GHz
pulse trains are compressed at the same time to around 2.5 ps and, then, used for multi
wavelength sampling of a 40 Gb/s 3.49 ps OTDM signal. Simultaneous extraction of all four
10 Gb/s tributaries to WDM channels in WDM grid with tunable channel spacing is

demonstrated.

Alberto Aloisio et al. [30] proposed Dense wavelength division multiplexing (DWDM) is an
optical technology that allows transmitting across a fiber many wavelengths, which can be

added and dropped by means of passive optical components. They presented and discussed
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the performance of a complex DWDM network data transmission system that found an
application in the NEMO underwater neutrino telescope. The tests cover the qualification of
a complete multipoint DWDM network consisting of transponders, fibers, passive optical
filters, and an optical amplifier. The behavior of the network is evaluated in the final
arrangement by means of bit error ratio (BER) and optical signal-to-noise ratio measurements
at 800 Mb/s rate. In order to test the network, a board, developed for the NEMO experiment,
had been used. A custom DWDM module, capable of data rates up to 1.4 Gb/s and

specifically designed for real-time data acquisition systems, could be hosted by the board.

Jiangiang Li et al. [31] proposed a novel low-complexity coherent receiver solution to
improve spectral efficiency in wavelength-division multiplexing (WDM) systems. It is based
on the receiver-side partial-response equalization and maximum-likelihood sequence
detection (MLSD) in pre filtered WDM systems. The partial-response equalization shapes the
channel into an intermediate state with a known partial response which is finally recovered
by MLSD without the need of channel estimation. In this scheme, the severe inter symbol
interference induced by the pre filtering can be shared between the partial-response
equalization and MLSD. Therefore, a tradeoff can be made between complexity and

performance.

Anamika et al. [32] presented Closed form formulae to study crosstalk degradation due to
cross-phase modulation (XPM) induced crosstalk in periodically amplified and dispersion
compensated fiber links. The formulae were used to evaluate the crosstalk performance of
different modulation formats especially differential phase-shift keying (DPSK) and ON—OFF
keying (OOK) which were widely used in optical communication. Crosstalk sensitivity for
different data rates and pulse shapes prevalent in optical data transmission was also
evaluated. The study shows that minimum XPM induced crosstalk could be achieved for 40
Gb/s RZ-DPSK signal with 33.3% duty cycle in WDM system

S. Susskind et al. [33] analyzed the transmission limits of a 40 channels DWDM system at 10
Gb/s, without using optical amplification in any part of the system. The channels were
distributed between the wavelengths of 1532.7 nm (channel 1) and 1563.9 nm (channel 40).
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The strategies used to increase system performance and allow for higher reaching of channels
transmitted were the insertion of dispersion compensating fiber (DCF) in the link and low
input power in the fiber to reduce the nonlinear effects. Using 6 km of DCF with dispersion

of 250 ps/nm.km was possible to achieve the transmission distance of 116 km.

Er. Kawal Preet Singh et al. [36] had analyzed different WDM systems. The WDM system
has been affected by dispersion and non-linear effects. They had also analyzed the use of PIN
and APD photo detectors. They had designed three WDM system and observed their
response using different dispersion values.

2.2 Motivation

According to the literature survey, it has been observed that maximum work has been done in
the field by using less no. of channels and for less no. of nodes. The investigation of insertion
losses and bit error rate of Optical add drop multiplexer on bit error rate, eye opening and Q-
factor has rarely been done. The bit error rate decreases with increasing number of
channels/users. Most arguments advocating Cross phase modulation for wavelength
conversion in the research literature are qualitative and vague. Various approaches have been
suggested for decreasing the fiber nonlinearity named as cross phase modulation. According
to ITU-T standards, Cross phase modulation effect has been evaluated above channel spacing
of 25 GHz but no evaluation has been done for channel spacing below 25 GHz, yet. In this
thesis, comparison of cross phase modulation is done for ultra low values of spacing. As the
channel spacing increases, the cross phase modulation effect decreases. The XPM effect on
bit error rate, Q-factor, output spectrums and eye opening for different channel spacing;
different number of channels and varying each transmitting component in the circuit has not

been studied yet.

2.3 Thesis Objectives
In this thesis the research is carried out keeping in view the following objectives:
1. Analysis of NRZ and RZ Soliton transmission in DWDM systems.
2. Performance Analysis of Ring Optical Network with OADM for different Modulation

Formats.
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3. To investigate the performance of 256 channel WDM system with channel spacing of
25 GHz and 50 GHz.

2.4 Organization of Thesis

This thesis is composed of six chapters and structure of thesis is as follows:

Chapter 1 presents the brief overview WDM network, Ring network with OADM and
various modulation formats.

Chapter 2 provides a literature review related to the WDM network and Ring network in
order to increase the transmission distance and number of channels and users.

Chapter 3 presents Analysis of NRZ and RZ Soliton transmission in DWDM systems for a
distance of 200 km and 3200km.

Chapter 4 includes Performance Analysis of Ring Optical Network with OADM for
different Transmitting Formats and results are taken for various bandwidth and insertion
losses.

Chapter 5 is based on the investigation of performance of 256 channel DWDM system with
channel spacing of 25 GHz and 50 GHz.

Chapter 6 concludes the work carried out in this thesis with the future prospective of
DWDM network and Ring network.
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CHAPTER 3
Analysis of NRZ and RZ Soliton transmission in DWDM systems

In this chapter we reveal the Quality factor performance resulting from XPM effect for NRZ
and RZ soliton transmitting formats at 10 Gb/s with channel spacing of 12.5 GHz and 10
GHz. It is seen that for gain of 10 dB, Quality factor is very low for all dispersion values. RZ
soliton is better than NRZ at distance of 200 km and at large distance of 3200 km. It is seen
that the performance of the system is affected by core effective area of the fiber. As we
increase the core effective area from 10 um? towards 100 um? we get the better Quality
factor for both NRZ rectangular and RZ soliton.

3.1 Introduction

Dense wavelength division multiplexing is an optical technology that employs transmission
of multiple data signals over a single optical fiber. Nonlinearities of optical fiber lead to
distortion and attenuation of optical signals, resulting in degradation of DWDM systems.
Common nonlinear optical effect in fibers is due to refractive index. Nonlinearities due to
refractive index are known as Kerr nonlinearities [1]. The Kerr nonlinearities results in Self

phase modulation, four wave mixing and cross phase modulation.

When optical signals propagate through optical fiber both dispersive and nonlinear optical
effects influence their shape and spectrum. Non linear optical effects are more serve for long
distance transmission due to nonlinear interaction. Non linear interaction depends on
transmission distance and effective core area of optical fiber. Most of the nonlinear effects
are results from nonlinear refraction. The refractive index of many materials can be described

as

N=M+1y | 1)
Where 7, and n,,; are linear and nonlinear refractive indices, respectively and I is the optical

intensity of the field. The numerical value of n,; varies in small range 2.2-3.4x 10720
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m?/W. Broadening of optical signal while transmitting through optical fiber is known as
dispersion. Effect of fiber dispersion is given by Taylor series:

B(@)=Bo+Br(@ — wo)¥5 fo(® — W) oo )
Here the first and second term cause phase shift and group delay, respectively. Dispersion of
group velocity is represented by parameter S, and it is responsible for pulse broadening
during propagation inside fiber. The spreading of pulse due to group velocity is known as
chromatic dispersion. The dispersion parameter D is commonly given in terms of 8; ,53,
according to[3].

D=2 = Z<p ©)

D is chromatic dispersion and expressed in units of Ps/(km-nm). XPM is nonlinear optical
effect occurs when effective refractive index governing the phase of one optical signal
depends on the intensity of co propagating wave. XPM causes spectral broadening of waves
during propagation through fibers, owing to presence of other waves. The motive of this
paper is to Q-factor performance of XPM for NRZ and RZ soliton transmission formats in 32
channel DWDM systems. S.W.Bang et al. [14] presented 32 channel DWDM system with
XPM and FWM effect at 200km and 3200 km on NRZ and RZ signal formats with channel
spacing of 125 GHz. and showed the quality factor at 3200 km that is 17dB & 17.7 dB for
NRZ and RZ soliton respectively. D.G.Daut et al. [15] presented 16 channel DWDM systems
with XPM and FWM effect for NRZ and RZ soliton formats and showed Q-factor for core
effective area 20 to 100.at channel spacing of 50 GHz and 25 GHz.

In this chapter we simulate the 32 channel DWDM system for NRZ and RZ soliton wave
formats with channel spacing of 12.5 GHz and show the Q-factor at 200 km and 3200 km for
both transmission formats with EDFA gain of 20 dB and 10 dB. Here we show Q- factor
performance With respect to core effective area for different values of dispersion at channel
spacing of 12.5 GHz &10 GHz.
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3.2 Simulation setup:

It is analyzed that 32x10 Gb/s NRZ and RZ soliton transmission formats over fiber length of
200 km and channel spacing of 12.5 GHz. Figure 3.1shows the experimental setup of
DWDM systems. Here input signal power is 0 dom per channel. Transmitter is 32 channels
WDM system with channel spacing of 12.5 GHz. Real modulator excess losses is 3 and
extinction ratio is set to 30. Transmitter is followed by a booster which is having fixed power
output with flat gain shape. Its maximum small signal gain is 35 dB. Fiber brag grating and
Phase conjugation is used to compensate dispersion. Phase shift of phase conjugator is set to
1.57079°.In line optical amplifier and pre amplifier is basically fixed gain types amplifiers.
At receiving end raised cosine filtering is performed and PIN is used for detection. Figure 3.2
and Figure 3.3 shows simulation setup for 200 km and 3200 km.

Transmitter

32x10 GB/s

Figure 3.1: Schematic diagram of 32 channel WDM system
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EDFA

FBG & Phase

Conjugation

In line OA
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Fiber Grating

Pre-amplifier
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Optical Filter

bizz

biz4

Optical Receiver

Figure 3.2: Simulation setup of 32 channel WDM system for 200 km
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Figure 3.3: Simulation setup of 32 channel WDM system for 3200 km

3.3 Results and Discussions

Figure 3.4 shows the variation of quality factor with respect to different values of dispersion
for both NRZ and RZ soliton with EDFA gain of 10 dB and 20 dB. We take the value of
dispersion ranging from 0 Ps/nm/km to 4 Ps/nm/km and effective core area is set to 80 um?2.
Simulation is performed at wavelength of 1550 nm , bit rate is set to 10 Gb/s, the fiber loss
is .2 dB/km ,non linear index coefficient is 2.6x 10729 m?2/W and two 100 km spans of
dispersive optical fiber is used as transmission line. In figure 3.4 we see that Quality factor
improves as gain of both EDFA’s is increased for both NRZ and RZ soliton. So XPM effect
can be limiting factor when gain of EDFA is small. It is seen that for all dispersion range RZ
soliton has better Quality factor than NRZ rectangular.
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Figure 3.4: XPM effect on NRZ and RZ soliton transmission formats for different
dispersion values.
Figure 3.5 to Figure 3.8 shows eye diagrams of signals suffering from XPM for NRZ and RZ
soliton transmission formats. We see that with fiber length of 200 km a wide eye opening is
obtained as compared to 3200 km for both transmission formats. The Quality factors values
are 24.03 dB and 23.93 dB obtained for RZ soliton and NRZ respectively. So based on this

output we deduce that RZ soliton has better performance compared to NRZ format.
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Figure 3.5: Eye diagram of NRZ format after 200 km.
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Figure 3.6: Eye diagram of RZ soliton format after 200 km
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Figure 3.7: Eye diagram of NRZ format after 3200 km
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Figure 3.8: Eye diagram of RZ soliton after 3200 km.
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Figure 3.9 and Figure 3.10 show the XPM effect on NRZ transmission and on RZ soliton,

respectively as a function of core effective area for different values of dispersion. We shows

the variation of quality factor with respect to effective core area ranging from 10 um? to 100

um?. Simulation is performed for dispersion values 1 Ps/(km-nm) to 4 Ps/(km-nm) and all

other parameters are same as in Figure 3.4.
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Figure 3.10: XPM effect on RZ soliton format for different effective area and dispersion

In this chapter it is calculated that Q-factor at distance of 200km and 3200 km for NRZ and
RZ transmission formats. Figure 3.5 & Figure 3.6 shows eye diagram of NRZ and RZ soliton
formats respectively at distance of 200 km. and has quality factor of 31.42380 dB and
34.472827 dB. Figure 3.7 & Figure 3.8 shows eye diagram of NRZ and RZ transmission
respectively at 3200 km and Quality factor is 23.93 and 24.03 dB .Fig 9 & 10 shows
variation of Quality factor with respect to core effective area for different values of
dispersion for NRZ and RZ soliton formats respectively with channel spacing of 12.5 GHz
and 10 GHz.

Table 3.1 shows the Q-factor v/s dispersion with EDFA gain of 20 dB and 10 dB for NRZ
and RZ soliton modulation format. RZ soliton has more Quality-factor than NRZ modulation
format for all dispersions points. For NRZ, maximum value of Q-factor is 31.84 dB at
dispersion of 3 dB and EDFA gain of 20 dB. For RZ soliton maximum value of Q-factor is
36.59 dB at dispersion of 1 dB and EDFA gain of 20 dB.
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Table 3.2 shows the Q-factor v/s distance for both modulation formats. Here RZ soliton and

NRZ both are compared at small distance of 200 km and for large distance 3200 km, for both

the cases RZ soliton is better.

Table 3.3 and Table 3.4 investigate the NRZ, RZ soliton format for core effective area 10

um? to 100 um? with channel spacing of 12.5 GHz and 10 GHz. Here we investigate the

system for different dispersion values.

Table 3.1: Q-Factor v/s Dispersion

Dispersion NRZ RZ soliton
Ps/nm/km Q-factor(dB) Q-factor(dB)
EDFA (20dB) | EDFA(10dB) | EDFA (20 dB) | EDFA(10 dB)

0 27.17910 7.22340 30.13269 11.04084
0.5 32.12482 6.45224 36.10018 10.61174
1 31.43149 6.02060 36.59556 11.06008
1.5 28.85360 6.22906 35.31177 11.50809
2 29.56397 6.02060 35.20247 11.03549
2.5 30.0474 6.24708 35.00945 10.81132
3 30.99760 6.96256 35.81933 11.24849
3.5 31.84184 6.26894 36.50424 10.82936
4 29.24364 6.21789 35.77825 10.17558

Table 3.2: Q-Factor v/s Distance

Distance(km)

Q-factor (dB)

NRZ RZ soliton
200 31.432380 34.472827
3200 23.932815 24.030072
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Table 3.3: Q-Factor v/s core effective area for different dispersions

Core NRZ
\e/f:ectl Q-factor(dB) at12.5 GHz Q-factor(dB) at10 GHz
a;fsz D=1 |D=2 |D=3 D=4 |D=1 |D=2 |D=3 |D=4
10 20.237 | 20.690 | 18.869 19.676 |11.205 |10.590 |11.367 | 10.760
20 21.664 | 23.592 | 22.762 22,557 | 13.724 | 12.022 |12.331 | 12.682
30 25.429 | 24.941 | 22.794 25.119 | 12,790 |12.352 |12.867 | 13.725
40 24.236 | 25.182 | 24.220 24.272 | 13.367 |13.738 |13.661 | 14.469
50 24.609 | 25.806 | 24.626 25.354 | 13.640 |13.417 |13.136 | 13.229
60 26.494 | 25.163 | 25.264 25.073 | 13.470 |13.196 |13.478 | 13.093
70 26.077 | 27.218 | 25.438 25.283 | 13.337 | 13.700 |12.521 | 13.341
80 26.280 | 26.542 | 25.364 25.972 | 13.129 |13.640 |13.317 | 14.569
90 26.341 | 26.460 25.575 25.939 |13.041 13.011 13.146 | 13.154
100 27.050 | 27.087 | 25.688 26.367 | 13.228 |13.482 |13.103 | 13.752
Table 3.4: Q-Factor v/s core effective area for different dispersions
Core RZ Soliton
\e/fe“fectl Q-factor at12.5 GHz Q-factor at10 GHz
a;fsz D=1 |D=2 D=3 D=4 | D=1 D=2 D=3 | D=4
10 22,152 | 22.378 | 24.123 24.304 | 12.090 |12.862 |14.291 | 15.101
20 25.515 | 26.230 | 26.474 27.823 |15.386 |16.582 |17.173 | 17.899
30 27.891 | 28.239 | 30.238 29.339 |16.688 |18.259 |18.517 | 18.638
40 29.506 |29.391 | 30.561 29.861 | 17.306 |18.312 |19.187 | 19.818
50 29.723 | 31.299 | 30.398 31.146 | 17.875 |18.701 |18.717 | 20.043
60 30.225 |31.601 | 31.709 31.195 | 18.051 |18.679 |19.675 | 19.299
70 30.427 | 31.837 |32.343 30.591 | 18.792 |18.868 |18.877 | 19.841
80 31.297 | 31.509 | 32.168 32.245 |18.840 |19.338 |19.588 | 19.906
90 31.301 |32.159 | 33.675 32.642 |18.681 |19.030 |19.613 | 19.923
100 31.623 | 31.746 | 32.157 31.739 |18.654 |19.429 |20.026 | 19.808
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3.4 Conclusion

In this chapter we concluded that by increasing the gain value of EDFA’s, the Quality factor
is improved for both NRZ and RZ soliton transmission formats. RZ soliton has better
performance than NRZ both at 200km. and at 3200km in terms of Quality factor. XPM effect
may reduce by increasing the channel separation. We conclude that RZ soliton is less
affected to XPM so it is efficient transmission than NRZ format in 32 channel DWDM

system.
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CHAPTER 4

Performance Analysis of Ring Optical Network with OADM for
different Transmitting Formats.

In this chapter, ring optical network has been verified and analyzed at each node with bit rate
of 2.5 Gbps, 5Gbps and 10 Gbps for different modulation formats like NRZ rectangular,
NRZ raised cosine, RZ soliton, RZ super gaussian, RZ raised cosine and RZ rectangular. The
distance between the nodes is set to 120km (SMF+DCF). Semiconductor optical amplifier
after each node enhances the power level. The effect of insertion losses for a wide range of
40 dB to 100 dB is analyzed and it seen that RZ-soliton is performing better among all
modulation driving schemes. It is seen that by using RZ soliton format system can exist up to
90 dB of insertion loss. The effect of OADM bandwidth is also analyzed and it is seen that
after 10 GHz bandwidth there is huge rise in the system performances for NRZ rectangular
and RZ soliton.

4.1 Introduction:

Optical networks are spreading outwards from internet backbones to corporation and even to
the home. Optical technologies can meet bandwidth needs with cost-effectiveness.
Metropolitan networks impose a bandwidth bottleneck between the local access networks
and the backbone [18]. The deployed circuit switched ring networks are inefficient for
dynamic traffic. So efforts are being towards designing of Packet switched network
combined with WDM to enhance the bandwidth [2]. In ring network inter channel crosstalk
can arise from optical add drop multiplexer and from XPM.OADM is used to add and drop
any frequency at intermediate nodes without effecting other channels. OADM enhances the
capacity of the network as dropped wavelength can be reused [19]. In particular optical cross
connects (OXC) and optical add drop multiplexer (OADM) provide wavelength routing
capabilities .so that each channel could be optically routed through All optical network
(AON) to its own wavelength path [20].
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Vinod Kumar et al. [9] presented the results on ring network with 4 nodes only and
separation between the node is set to 12.5km and 25 km. he also present performance of ring
network at filter bandwidth range 10 MHz to 40 MHz Surinder Singh [22] presented ring
topology with 27 nodes with optimized value of SOA and separation between nodes is only
1.1km.he shows that the input power above the saturation power of SOA degrades the
performance of the system .Willner et al. [23] reported a ring network accommodate 25
nodes using erabium doped fiber amplifier at a bit rate of 2.5 Gbps. Rajneesh Randhawa et
al. [24] reported a ring network having 12 nodes with one channel is added and another is
dropped. Analysis of the system is performed at reference bit rate of 10 Gbps

To the date no work is reported for large no. of nodes in ring network and for insertion losses
and bandwidth of Optical add drop multiplexer.

In this chapter we simulate 36 node ring network with 120 km separation between successive
nodes and use SOA after each node. We vary the bandwidth from 5 GHz to 20 GHZ and vary
the insertion loss from 40 dB to 100 dB of OADM and check existence of the system.
Insertion loss of OADM and its different values of bandwidth is analyzed in terms of BER,
Q-Factor and eye opening

4.2 Theory:

In this chapter we have designed ring architecture for different modulation formats. The brief

description of ring network and modulation format is given below.
4.2.1 Ring Network:

The ring optical network is a unidirectional fiber ring network that comprises N nodes, where
N is number of wavelengths. Each node is equipped with array of fixed tuned transmitter and
one fixes tuned optical receiver operation on wavelength that identifies the node [24]. Any
node j drops wavelength j from the ring, so to communicate with node j, another node i have
to transmit data with laser operating on wavelength j. All wavelengths are slotted with slot
length equal to transmission time of fixed size data packet plus guard time [25]. Because ring
topologies provide only one path between any two nodes, so ring network can fail completely
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by failure of single link. FDDI overcome this problem by sending data in clockwise and

anticlockwise in the event of break [26].

4.2.2 Modulation Formats:

A Modulator driver converts the binary sequence of ones and zeros into electrical signal.

Several mapping drivers are available such as NRZ and RZ rectangular, NRZ and RZ raised

cosine, RZ super gaussian, RZ soliton.

4.3 Simulation setup:

MNode 1
Electrical-Scope Cptical Spectrum
Analyzer
Low Moise OADM SMF+DCF S04 Splitter
— ]
source
Mode 36
Electrical-Scope Optical Spﬂm
Analvzer
T ‘L
Low Noise OADM SMF-+DCF S04 Splitter
] -
source

Figure 4.1: Block diagram of simulation setup
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Figure.4.1 shows the block diagram representation of 36 nodes ring network with one
channel added and another channel dropped at each node. At each node electrical scope and
optical spectrum analyzer is attached to analyze the signal in terms of Q-factor, BER, eye
opening, jitter and power. Low noise source is used as input source and it is connected to
OADM of first node. OADM adds and drop a frequency at each node. After OADM we used
a fiber channel, here we used a fiber of length 100km +20km is used between successive
nodes. Here 100 km Single mode fiber and 20 km Dispersion compensation fiber is used.
SMF have dispersion of 16 ps/nm/km and DCF has dispersion of 80 ps/nm/km. so we used
1/5™ length of DCF to compensate dispersion. After each node semiconductor optical
amplifier is used to boost the signal. Saturation power of SOA is set to 9.15 mw , input and
output insertion losses is set to 3 dB The node composed of optical adds drop multiplexer,

transmitter, receiver.

The frequencies of the nodes are f1, 2, f3 and so on up to f36. All these frequencies are used
in circular fashion such that at node 1 frequency f1 is added and 36 is drooped and at next
node f3 is added and f1 is dropped. Simulation of network is done at reference frequency
193.0 THz at bit rate of 10 Gbps. For OADM laser power is set to 0 dom. PRBS sequence
degree is set to 7,Rx_elt filter bandwidth is 8 GHz, Rx_opt filter bandwidth is set to 40 GHz
and crosstalk is fixed at -90 dB. Simulation setup of network is shown in Figure 4.2
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Figure 4.2: Simulation Setup

4.3 Result and Discussions

Simulation is performed at four different Bandwidth of OADM and we get the better result at
20 GHz so that for 20 dB bandwidth we vary the insertion loss of OADM at different bit
rates. The results in the form of Q-factor and BER for various bit rates are given below:

Figure 4.3 and Figure 4.4 are Bandwidth v/s Quality factor and Bandwidth v/s BER
respectively for bit rate of 2.5 Gbps. Here it is clearly seen that NRZ rectangular and RZ
soliton are better than all other formats. For a bandwidth of 20 GHz Quality factor for NRZ
rectangular and RZ soliton is 33.69 dB and 33.59 dB. For 10 GHz bandwidth only NRZ
rectangular and RZ soliton has survivable BER value. For NRZ rectangular and RZ soliton at
10 GHz BER is 1.61e™ and2.17e™* respectively.
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Figure 4.5 and Figure 4.6 are Bandwidth v/s Quality factor and Bandwidth v/s BER
respectively for bit rate of 5 Gbps. Here we see that as bit rate increases from 2.5 Gbps to 5
Gbps Quality factor slightly reduces to 32.8 and 32.6 for NRZ rectangular and RZ soliton
respectively with 20 GHz bandwidth. For bandwidth of 10 GHz only NRZ rectangular and
RZ soliton has survivable BER. For NRZ rectangular and RZ soliton at 10 GHz BER is 4.1¢
4 and2.1e™ respectively.

Figure 4.7 and Figure 4.8 shows Bandwidth v/s Quality factor and Bandwidth v/s BER
respectively for bit rate of 10 Gbps. Here we see that Q-factor is 29.78 and 29.73 for NRZ
rectangular and RZ soliton. Here in is seen that up to bandwidth of 10 GHz no any
modulation format has survivable BER. For bandwidth between 10 GHz to 20 GHz NRZ
rectangular and RZ soliton become better than rest all.

One other parameter which we analyzed is the insertion loss of the OADM. From Figure 4.9
to Figure 4.14 shows the variation of Q-factor and BER with respect insertion loss for

different bit rates.

Bandwidth Vs Q-factor
35 |

—— NRZ-rectangular

30| —é&— NRZ-rasedcosine
RZ-soliton /
—— RZ-supergaussian /*

25| —*— RZ-rasedcosine
RZ-rectangular

20

\}

Q-fator

Bandwidth(GHz)

Figure 4.3: Bandwidth v/s Q-factor (2.5Gbps)
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Figure 4.6: Bandwidth v/s BER (5 Gbps)

Bandwidth Vs Q-factor
30

25

—+— NRZ-rectangular

—&€— NRZ-rasedcosine

—E— RZ-soliton

20| —#%— RZ-supergaussian

—+*—— RZ-rasedcosine
RZ-rectangular

Q-fator

Bandwidth(GHz)

Figure 4.7: Bandwidth v/s Q-factor (10 Gbps)
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Figure 4.8: Bandwidth v/s BER (10 Gbps)

Figure 4.9 and Figure4.10 shows the variation of Q-factor and BER with respect to insertion
loss for bit rate of 2.5 Gbps. For insertion loss of 40 dB, Q-factor is 33.74 for NRZ
rectangular format and RZ soliton and has survivable BER up to insertion loss of 90 dB.
Figure 4.3 shows RZ rectangular has worst performance among all modulation formats at 2.5
Gbps here for this format system cannot exist for insertion loss more than 50 dB.

Figure 4.11 and figure 4.12 shows the variation of Q-factor and BER with respect to insertion
loss for bit rate of 5 Gbps. For insertion loss of 40 dB, Q-factor is 32.85 and 32.88 for NRZ
rectangular and RZ soliton modulation format and has survivable BER up to insertion loss of
85 dB.

Figure 4.13 and Figure 4.14 shows Q-factor and BER with respect to insertion loss for bit
rate of 10 Gbps. At such bitrate It is clearly seen that RZ soliton is better among all

techniques.
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Figure 4.9: Insertion loss v/s Q-factor (2.5 Gbps)
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Figure 4.10: Insertion loss v/s BER (2.5 Gbps)
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Figure 4.12: Insertion loss v/s BER (5 Gbps)
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Figure 4.15: Q-Factor v/s Bit-rates for RZ soliton

Figure 4.15 is Quality factor v/s Bandwidth with insertion loss of 40 dB and bandwidth of 20
dB, for RZ soliton. Here Q-factor is shown for bit rate up to 40 Gbps. In is seen that for bit
rate of 2.5 Gbps it has maximum Q-factor (33.74 dB) and as we move towards higher bit
rates, Q-factor reduces. It is clearly seen that system is not survivable for bit rate of 20 Gbps
and 40 Gbps At much higher rates Q-factor is 6.02 dB only.

4.4 Conclusion

In this chapter, various values of bandwidth and insertion losses of OADM are analyzed. It is
concluded that at bandwidth less than 10 GHz system can exist for 2.5Gbps and 5Gbps for
RZ soliton and NRZ rectangular format. After 10 GHz there is huge rise in the Quality factor
of NRZ rectangular and RZ soliton. It is also concluded that system can exist up to 90 dB of
insertion loss for RZ soliton modulation with 10 bit rate of 10 Gbps. It is seen that for bit rate
of 20 Gbps and 40 Gbps Quality factor for RZ soliton is 6.02 dB.
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CHAPTER 5

To investigate the performance of 256 channel WDM system with
channel spacing of 25 GHz and 50 GHz.

In this chapter we investigate the performance of 256 channel WDM system with channel
spacing of 25 GHz and 50 GHz with bit rate of 2.5 Gbps at different distances. We analyze
the result at the receiving frequencies 193.025 GHz, 193.225 GHZ, 193.35 GHz, 193 GHz,
195.2GHz, 195.075GHz, 195.175GHz and 195.425 GHz. It is seen that for channel spacing
of 25 GHz Quality factor becomes low than 15 dB so after 140 km so system cannot exist
after 140 km. on the other hand for 50 GHz Quality factor is more than 15 dB at distance of
140 km.

5.1 Introduction

Wavelength-division multiplexing (WDM) is an approach that can exploit the huge opto-
electronic bandwidth mismatch by requiring that each end user's equipment operate only at
electronic rate, but multiple WDM channels from different end-users may be multiplexed on
the same fiber. Under WDM, the optical transmission spectrum is carved up into a number of
non-over lapping wavelength (or frequency) bands, with each wavelength supporting a single
communication channel operating at whatever rate one desires, e.g., peak electronic
speed[27]. Thus, by allowing multiple WDM channels to coexist on a single fiber, one can
tap into the huge fiber bandwidth, with the corresponding challenges being the design and
development of appropriate network architectures, protocols, and algorithms.[5] Also, WDM
devices are easier to implement since, generally, all components in a WDM device need to
operate only at electronic speed; as a result, several WDM devices are available in the
marketplace today, and more are emerging[28].

Research and development on optical WDM networks have matured considerably over the
past decade. They are being increasingly deployed by telecom network operators all over the
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world. The next generation of the Internet is employing WDM-based optical backbones,
leading to IP-over- WDM networks [29]. In such a network, end-users - to whom the
architecture and operation of the backbone will be transparent except for significantly
improved response times - will attach to the network through a wavelength sensitive
switching/routing node [30]. An end-user in this context need not necessarily be terminal
equipment, but the aggregate activity from a collection of terminals including those that may
possibly be feeding in from other regional and/or local sub networks - so that the end-user's
aggregate activity on any of its transmitters is close to the peak electronic transmission rate
[31].
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Figure 5.1: Attenuation v/s Wavelength [6]

S. Susskind et al. [32] presented the transmission limits of a 40 channels DWDM system at
10 Gb/s, without using optical amplification in any part of the system. The channels were
distributed between the wavelengths of 1532.7 nm (channel 1) and 1563.9 nm (channel 40)
Er. Kawal Preet Singh et al.[33] presented different WDM systems. The WDM system has
been affected by dispersion and non-linear effects. They have also analyzed the use of PIN
and APD photo detectors. They had designed three WDM systems and observed their

response using different dispersion values.
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Till now no work has done for upto 256 channels in WDM system.

In this implementation we simulate the 256 channel DWDM system for channel spacing of
25Ghz and 50 GHZ for distance range up to 150 km. we seen the result in the form of Q-
factor and bit error rate.

Theory:

Wave division multiplexing (WDM) and dense wave division multiplexing (DWDM) require
optics to combine signals generated by separate transmitters at one end and to separate the
optical channels for processing in separate optical receivers at the other end [34]. The process
of packing channels closely together increases the capacity but also makes the job of
separating them much more difficult. Transmission systems based on optical fiber (DWDM)
technology have indeed revolutionized the field of communication [35]. This is because the
usable transmission bandwidth on the optical fiber is so enormous that it is capable of
transmitting multi channels over long distances. The revolutionary growth in Internet traffic
is forcing network operators to deploy ever higher transmission capacities in their terrestrial
fiber backbone networks [36]. It is anticipated that in the near future, it will be necessary to
offer multi terabit capacities over a single fiber, based on the use of this DWDM technology.
To cope with this demand, it is likely that the next generation of Wavelength Division
Multiplexing (WDM) systems will use a 40 Gbit/s or higher bit rate. DWDM is a technology
that uses multiple wavelengths to transport a large number of individual channels, typically at
bit rates of 2.5 Gbits/sec or higher [37].

5.2 Simulation setup:

Figure. 5.3 shows the simulation setup of 256 channel WDM system. Here we used 16
sixteen channel transmitters. Each Tx-16 contains 16 Tx-1. The internal structure of the Tx-1
is shown in Figure. 5.2. Here Non return to zero transmitting formats is used and modulator
is sin? MZ. Continuous wave Lorentzian is used as laser source. All 256 channels are
combined in splitter and then boosted by a booster. After that optical spectrum analyzer is
used to get the spectrum of the signal. A single mode fiber is used for transmission of signal.
A phase conjugator with fiber grating is used to reduce the dispersion effect. Fixed power
EDFA is used to enhance the signal level before reaching to receiving end. At receiving end
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numbers of receiver with different frequencies is used to receive the signal. The internal

structure of receiver is shown in Figure. 5.5. Here raised cosine filter is used to select the

particular frequency and for receiving PIN detection is used. A five pole electrical Bessel

filter is used at the end.
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Figure 5.2: Internal structure of Tx-1
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Figure 5.3: Simulation setup for 256 Channel.
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RESULT AND DISCUSSION:
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Figure 5.6: Eye diagrams for 25 GHz spacing

Figure 5.6 shows the eye diagrams for channel spacing of 25 GHz. Here we vary the length
of the fiber from 30km to 150 km and see that as we increase the length of the fiber the
opening of eye reduces and so Quality factor reduces. So by using 25 GHz of channel
spacing system cannot exist for distance 150 km.

Figure 5.7 shows the eye diagrams for channel spacing of 50 GHz. Here we vary the length
of the fiber from 30km to 150 km and see that as we increase the length of the fiber the
opening of eye reduces and so Quality factor reduces. So by using 50 GHz of channel
spacing up to distance of 150km system can exist.
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Figure 5.8: Eye diagrams for 50 GHz spacing

Figure 5.9 and figure 5.10 are the input and output power spectrum respectively. Here input

spectrum is the spectrum before transmission through fiber. After transmission through fiber

the spectrum at node 36 is shown in figure 5.10
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Figure 5.10: Output Power spectrum

Conclusion: The performance of 256 channel WDM system is analyzed at channel spacing

of 25 GHz and 50 GHz. We analyze the output at channel of frequency 193.03 GHz. We take
the output in the form of Quality factor at distance of 30 km to 150 km. it is seen that for
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channel spacing of 25 GHz system cannot exist for distance greater to 140 km, because after
140 km the Q-factor for 25 GHz channel spacing is only 14.77 dB. But for channel spacing
of 50 GHz system can exist because here Q-factor for distance 150 km is 15.66dB.
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CHAPTER 6
CONCLUSION & FUTURE SCOPE

6.1 Conclusion

The first objective of thesis was to investigate the XPM effect on Q-factor, at different
channel spacing. The performance analysis of cross phase modulation in optical
communication system for 12.5 GHz and 10 GHz values of spacing has been done. It was
found that spacing of 12.5 GHz has the higher Q-factor so better system performance. When
we set increased gain value of EDFA’s, the Quality factor was improved for both NRZ and
RZ soliton transmission formats. RZ soliton has better performance than NRZ both at
200km. and at 3200km.XPM effect may reduce by increasing the channel separation. We
conclude that RZ soliton is less affected to XPM so it is efficient transmission than NRZ
format in 32 channel DWDM system

In this thesis, ring optical network has been demonstrated and analyzed at each node with bit
rate of 2.5 Gbps, 5Gbps and 10 Gbps for different modulation formats like NRZ rectangular,
NRZ raised cosine, RZ soliton, RZ super gaussian, RZ raised cosine and RZ rectangular. The
distance between the nodes is set to 120km (SMF+DCF). Semiconductor optical amplifier
after each node enhances the power level. The effect of insertion losses for a wide range of
40 dB to 100 dB is analyzed and it seen that RZ-soliton is performing better among all
modulation driving schemes. It is seen that by using RZ soliton format system can exist up to
95 dB of insertion loss. The effect of OADM bandwidth is also analyzed and it is seen that
after 10 GHz bandwidth there is huge rise in the system performances for NRZ rectangular
and RZ soliton.

The performance of 256 channel WDM system is analyzed at channel spacing of 25 GHz and
50 GHz. We analyze the output at channel of frequency 193.03 GHz. We take the output in
the form of Quality factor at distance of 30 km to 150 km. we seen that for channel spacing
of 20 GHz system can not exist for distance of 150 km, because at 150 km the Q-factor for
25 GHz channel spacing is only 14.77 dB. But for channel spacing of 50 GHz system can

exist because here Q-factor for distance 150 km is 15.66dB.
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6.2 Future Scope

In this thesis, the work is limited to Cross phase modulation. The variation of bit error rate, Q
factor, eye opening and output spectrums with Cross phase on changing various parameters
like channel spacing, EDFA gain and transmitting formats have been considered. The effect
of changing these parameters for self phase modulation, Four wave mixing i.e. other Kerr
effects can be studied. Here we have studied ring network for 36 nodes with OADM and vary
the bandwidth and insertion loss of the OADM. The other parameters of OADM can also be
analyzed like crosstalk. On the other hand we can also use other device instead of OADM
like OXC and can study the various parameters of the OXC. In this thesis we also investigate
the performance of 256 WDM channel with channel spacing of 25 GHZ and 50 GHz. so
WDM system can also be analyzed with less channel spacing and a high speed switching

element can also be used at channel to study the behavior of channel.
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