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Abstract — The use of LANSs such as campus networks has become the features of the world

that we live-in. In this paper, a detailed studying is presented for designing and analyzing computer
networks for University of Technology campus into 19 buildings.

A Star-Ring topology was proposed and implemented using an Optiysystem software simulation.
This software was used because it can simulate the design system with a much more realistic modeling to
reduce cost and time of practical work and achieve high accuracy of the designed system before
implementation. All the data used to build this optical LAN are in accordance with real existing data.

The results appear with the range, the qualification depends on the result of design simulation for
good quality result and which are targeted to all design.

Keywords — Star-Ring LAN, LAN & fiber optic, LAN for campus.
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1. Introduction to Optic
Communications System
Components

The purpose of the physical layer is to
transport a raw bit stream from one
machine to another. Various physical
media can be used for the actual transmis-
sion. Each one has its own niche in terms
of bandwidth, delay, cost, and ease of
installation and maintenance. Media are
roughly grouped into guided media, such
as copper wire and fiber optics, and
unguided media such as radio and lasers

through the air [1].

The choice of topology depends on
a variety of factors, including reliability,
expandability, and performance. This
choice is part of the overall task of
designing a LAN and thus cannot be made
in isolation, independent of the choice of
transmission medium, wiring layout, and
access control technique.

An optical communication system
has three basic components, as shown in
Figure (1).

Connector Connedtor
Source =) Transmitier ey RECEIVEF e [Jgpr
Fiber Optic Cable
Figure 1. Optical communication system
The illustration indicates the Source-User The basic Wave Length Division

pair, Transmitter and Receiver. It also
clearly shows the fiber optic cable
constituting the Transmission Medium as
well as the connectors that provide the
interface of the Transmitter to the
Transmission Medium and the Transmission
Medium to the Receiver [2].

Multiplexing (WDM) system depends on
number of channels and spacing, see
Figure 2. A brief description of each type
is as follows [3]:
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Figure 2 Basic WDM System
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e Dense Wavelength Division
Multiplexing (DWDM) is an
implementation of WDM technology that
is used for metro and long haul networks.
Small wavelength ranges (1530nm to
1565nm) are wused and the spacing
between wavelengths is typically around
0.8nm. This is often referred to as
100GHz spacing.

o Coarse  Wavelength  Division
Multiplexing (CWDM) is an
implementation of WDM technology that
is used mainly for short haul and metro

networks. Wide wavelength ranges
(1200nm to 1600nm) are used and the
spacing between wavelengths allows for
the use of less accurate un-cooled lasers,
which are less expensive than those used
with DWDM components [3].

The key to the definition of a LAN is
that all of the computers on the network
are grouped together in some fashion and
connected somehow, and in some sort of
cable, see Figure (3).

E
r’ Backbone

Segment

Hub

Workstation ) e !

Warkgroup

Figure (3) A small LAN

2. Optical LAN Design Tool

OptiSystem 4.0 Design Software,
a license product of Optiwave
corroboration, a Canadian base company
used for to design the optical LAN. This
alleviative approach uses computer-aided
design (CAD) techniques are very helpful
to design the LAN and can provide the
different tools verify and calculate values
of various system parameters, such that
the design objectives are met at
minimum. Therefore, to reduce cost, time
of practical work firstly, and for high
accuracy secondly, also for testing
physical effects, all these can be
examined by using CAD package. In
addition the requirements are given for
the hardware and the software, the spread

ATM technology in LANSs is limited by
high cost [4].

The Range of applications for LANSs is
wide. There are many environments where
LANs are suitable such as: offices,
companies, universities, factories and
bank applications.

The physical topologies to be chosen
for a network are influenced by several
factors:

First, there is the simple matter of looking
at how your office is arranged i.e. the
layout Those people setting up only a few
computers in a single room will have
more options than those with many
computers distributed throughout several
floors of a  building. Second,
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troubleshooting techniques and
requirements are determined to some
degree by the physical topology you use.
For example, some topologies have built-
in physical redundancy to prevent breaks
in the cable from interrupting
communications. Other topologies isolate
each cable in the network so that a single
break will not bring everything down.
Third, not all physical topologies are
equal in terms of installation cost. Some

of this cost is going to depend on your
office layout, to be sure; it's more work to
wire a network that extends over a larger
area, and cost will reflect that extra effort.
However, some of the cost will be
affected by the complexity of the topology
you choose. Finally, to a significant
degree, the physical topology you choose
for your network determines what kind of
cable will be got for it and vice versa[5].
Table 1 summarizes these points.

Table (1) Advantages and disadvantages of topologies

network

Topology Advantages and Disadvantages
e issimple to install
& = & e isrelatively inexpensive
%4—1]— e uses less cable than other topologies
= Eﬂ e s difficult to move and change
BUS - . ) .
e has little fault tolerance (a single fault can down the entire
network)
o isdifficult to troubleshoot
/E-\g e isrelatively easy to troubleshoot
& , e expensive, because multiple cables are needed for each
X 55 workstation

difficult to reconfigure
e not fault tolerant. A single cable fault can bring down the entire

STAR o B

competitive

new stations can be added easily and quickly

a single cable failure won't bring down the entire network

it is relatively easy to troubleshoot

total installation cost can be higher because of the larger number
of cables, but prices are constantly becoming more and more

e it has a single point of failure (the hub, or other central device)

of topologies.

e one company can combine the benefits of several different types

e workgroup efficiency and traffic can be customized.
e devices on one topology cannot be placed into another topology
without some hardware changes.

Optisystem 4.0 software simulator is
adopted for being flexible and robust to

integrate layouts, components with all
their features and with minimum errors.
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This software is built on Visual C++,
which offers advanced object oriented
programming language (OOP). The
objects (Optical Components) send
messages to each other and to their
classes to perform their jobs and the goal
of the projects. Optisystem 4.0 offers high
flexibility for the user to create a new

component based on MATLAB
component.

The design of -a fiber-optic
Communication system in software

involves using a large number of Active
and Passive components such as
transmitters, optical fibres, receivers,
Global parameters, subsystems that help
in creating the required components
based on the component library without
programming and BitRate that used to
predict the systems performance.

3. The Idea of the Project and Case

Study

A Star-Ring  topology was
proposed and implemented using an
Optisystem software simulation. This
software was used because it can simulate
the design system with a much more
realistic modelling to reduce cost and
time of practical work and achieve high
accuracy of the simulate system before
implementation. All the data used to build
this optical LAN are in the accordance
with real existing data. As a case study,
an optical fibre based LAN is designed to
connect different parts of the building of
UOT presidency. The building consists of
three floors in addition to the Shelter. The
middle floor was selected to be the
central place. To give the project realistic
and functional (Practical) characteristics,
the actual University Map, see Figure 4,
and designs of the building of the
University Presidency, see Figure 5, were
used, and the scaled distances were
calculated. The length of the fibre
depends on these distances.

30

Before describing the design, two points
have been taken into account:

e Each node is connected to distributive
hub/switch, which has been considered.
This is responsible for selecting the
path for sending and receiving data in
the floor.

o Because of similarity of the floors in the
building, Star Topology is proposed for
each floor.

When optical fibers are used to
implement LANS, the relatively short
distance between network interfaces

involved in LANs permits the use of
fibers with modest bandwidth distance
product values.

3.1 Designing Star-Star Topology

In this design, each floor is designed to
use one hub/switch. The power of the
hub/switch depends on the number of
users of that floor. Figure (6) illustrates
the typical design of that building. The
first step of the design is the choice of the
interconnections between users and the
hub/switches. The main hub/switch is
connecting the three hub/switches at each
floor via optical fiber backbone.

In order to connect the three floors
together, the same simulated system can
be used, but with three hub/switches, one
in each floor. The length of Linear
Multimode Fiber equals four meters since
the length of optical fiber is fixed, which
represents the height between two
adjacent. The final layout is shown in
Figure (7).

One advantage of this design is the
scalability. Hence, new department or
floor can be easily added without
changing the design. Users are connected
together via a local hub/switch at that
floor. Every sub-system includes 11
channels in each floor with main
hub/switch as shown in Figure (8).
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Presidency of
University

Firstfloor
centralplace

Figure (5) Floors within the building of UOT Presidency
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Eecond Floor

4 ‘Workstations

2 Yarkstations

Workstations

Ground Fleor

ﬂ Workstations

Workstations

Figure (6) Typical network layout for a building with three floors
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Figure (7) The whole building final layout
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Figure (8) A block diagram using sub-system for 11channel

server, and so forth. These are included to
be available to almost everyone on the

3.2 Design of a floor network network accesses.

The enterprise server is used in the LAN,
which includes e-mail server, web server, The server is located within the Internet
multimedia server, central database room at the floor. The star topology that
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is selected here represents the topology
with minimum requirements to represent
the department's rooms of the Presidency
of University of Technology, which are
connected as shown in Figure (9). In this
design, every department can
communicate with others through the
central node (Hub switch). The Figure
shows the Star topology with its
distances, where each department room is
represented as a node.

The connection design  between
Hub/Switch and any Room in the floor
requires knowledge of the number of
Rooms and the distances between

Hub/Switch and these Rooms.
2im
3'6'm g'J,, Jele]

\ggm 28m ﬂm
Figure (9) The star topology with distances

; H..,.r...

....4

3.3 Optical System Design of the First
Floor

In order to implement the suggested
design the following requirements are
taken into consideration:-

The Global parameters of design layout
are shown in Figure (10) and are as
follows:

Bit rate: 40 Ghits/s.

Sequence length: 128.

Time window: 3.2E-009 s.

A light-wave system (transmitter

— channel - receiver) with switch

required to be designed using the

Opti-system software.

e A transmitter of 11 channels has
been built using spatial optical
transmitter and switch component.

e Linear Multimode Fiber from

components library is inserted,

then its properties are updated as
given in the test result of final

report from CORNING
Incorporated [6]. Figure (11)
shows linear multimode fiber
properties.

e A Spatial Optical Receiver for
each channel consists of, PIN
photo detector, electrical low pass
Bessel filter, a 3R regenerator, and
BER visualizer. Figure (12) shows
spatial optical receiver properties.
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Figure (10) The global parameters of the layout
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Figure (11) Linear multimode fiber properties
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Figure (12) Spatial optical receiver properties
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Sub-System facilities from Optisystem
4.0 were used to integrate transmitter and
receiver layouts in the whole project. The
final layout is shown in Figure (13).

[ ————
ifaisie A
e =
e N
i
gaa N
L)
g L=
Bt o
L=
i IR

Figure (13) Subsystems final layout

When one looks inside the Sub-system
and has eye diagram analyzer, the good
open eye diagram with very good quality
factor (Qmax ) and (BERmin) is shown in
Figure (14).

BER Analyzer

E

Node 3_19
Dl Click On Okjects to open properties. Mave Objects with Mouse Dr
Time (bit period)

£
S
o
T

| signat

aw D Fector [1535827
MinBER: [B79s04
Epe Heihi 138200
Theesholt: 1025004
Decson rst 156280

[ Calculate Patteins——

I Pt 1 [TO0TTZ
I Fatem 2[00
M Faten s IW
I Pt 1 05005
I patem s [T 00005

2004

1004
Amplitude (a.u.)

05 1
Time (bit period)

0
Q Factor /i Min BER },_Threshold_J Height o BER Patter

Figure (14) BER analyzer shows good Qpays,
BERmin when the distance equals 26m
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When all sub-systems of Figure (13) are
calculated, the results of calculation of
the system are shown in Table (2). It is
clear from this table that the maximum
value of Q factor is (16.05446) at 2m
distance, while minimum value of Q
factor is (13.47571) at 42m distance.

When Qmax and BERp, values are
arranged according to their distance's it is
shown that maximum Q factor is
(16.05446), and minimum BER is (2.65E-
58) for distance 2 m as shown in that
Table.

The plot shown in Figure (15) shows the
effect of distances on the values of Qmax
and BERyin. The results indicate that best
Q factor and Min BER values are
achieved with minimum distance 2m.
Results from Table (2) have been
achieved using the Min-Max functions
within Microsoft Office Excel 2003 tool.

Table (2) The Qmax and BERm;, distances
arranging in ascending order

Distance | (c) Max Q Min BER
Factor
2m 16.05446 2.65E-58
16 m 15.80967 1.33E-56
24 m 15.51169 1.44E-54
21m 15.6434 1.84E-55
36m 14.44138 1.42E-47
42 m 13.47571 1.08E-41
22m 15.60451 3.39E-55
26 m 15.39527 8.79E-54
18 m 15.7501 3.42E-56
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4.1 Experimental Set Up For A Ring

Topology
. Figure (16) shows the software
o e simulation of the suggested Ring

1605445

15D 15 11 1530677 My 521169 "

247571

~4(c) Max D Factor

topology to connect the 19 buildings
within the UOT.

& MnEER
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B70EE3 GB6E-42 240F5h A7OF54 3BESS N OAF4 | 1AEHT) 1 UFAE 1 AF-A4 1 T AR 26650

Figure (15) The relationship between Distance,
Qmax, and BERmn
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4. Designing of Topology for the
University Campus

The Ring topology is proposed to connect
(19) buildings of the campus, see Figure
(16). The design consists of a number of
building blocks (n0-n18). These blocks
represent the 18 departments of the UOT,
which are to be connected via the optical
fiber. Table 3 shows the name of blocks
and their distances and each building
represents a node as shown in Table 3.

Figure (16) The single ring topology

The main idea of the Ring topology is to
show the add-drop function, where
different wavelengths ranging from
(193.1 - 194.8) have been added in
sequence to each node as shown in
Figures 16 and 17.

One disadvantage of this design is its
difficulty to reconfigure, and single cable

Table (3) The distances of building blocks fault can bring down the entire network.

The distance between blocks adjacent
n0-nl=32m n9-n10= 164m EOER T e SR EE
nl-n2=128m n10-n11= 148m R I W
n2-n3=272m n11-n12= 496m =
n3-n4= 288 m n12-n13= 160m ;
n4-n5= 372 m n13-n14= 208m =
n5-n6=192m | n14-n15=556m .
n6-n7= 100 m n15-n16=628 m =
n7-n8=240m n16-n17=56 m =
n8-n9= 136 m nl7-n18=610 m
nl8-n1=52

Figure (17) The detailed selection of Figure (16)
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4.2 ADD/DROP Multiplexing

To design WDM Add/drop, an Optical
Add-Drop Multiplexing (OADM) was
used. An  Add/Drop  Multiplexer
component takes a single wavelength
from a trunk, pulls the signal out, and
allows a new signal at the same
wavelength to be inserted into the trunk at
(Roughly) the same spot. All the other
wavelengths passing through the add/drop
multiplexer with only a small loss of
power (usually a few db). Optical
Add/Drop Multiplexers ~ (OADMs)

i t AddIns Wi

introduce insertion loss that contains two
parts: deterministic and random. In fact,
loss varies with the wavelength. This
concept is especially important when
planning WDM networks, and plays an
important role in the overall distance a
WDM networks can span. Metropolitan
networks using ring topology are
expected to have more dynamic traffic
patterns compared to most long-haul
networks. Figures (18) and (19) show the
add/drop properties and how the signal of
194.6 frequency is added.

B X

Cayouk Tools Report SergtAda
s [srme|-=],0|=

Lot [EV1 T 16 dim =

=1

[

HE&\ODHWH::;H

4R =Y cNope)

Figure (18) The add-drop properties
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Figure (19) The added signal of 194.6 frequency
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5.  Conclusions

In this paper, a detailed study of design
and analysis of fiber optic link as a
communication media is carried out. The
Presidency of the University of
Technology building was chosen as a
case study. This study can be considered
as a basis for campus any future LAN,
since it provides many features. One of
these features is the local connection that
can handle many different network
technologies. The following points are
concluded:

1- The Presidency of University of
Technology LAN was designed
using star-star topology that
supports scalability. Hence, it
supports adding new floors
without the need to change the
structure of the design. But it is
important to take into account the
high quality switch in the central
of the network to achieve high
reliable system.

The proposed design supports the
ability to connect the campus with
other network types of whatever
technology of these networks are.
Hence, it was emigration towards
Optical fiber system.

Dual Ring topology connects all
the campus buildings, is the
optimum solution.
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