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Introduction 

1. INTRODUCTION 

1.1 Introduction to Wireless Networks Moments 
Wireless networks are an emerging new technology that will allow users to 

access information and services electronically, regardless of their geographic 

position. Wireless networks can be classified in two types: - infrastructured network 

and infrastructure less (ad hoc) networks. Infrastructured network consists of a 

network with fixed and wired gateways. A mobile host communicates with a bridge 

in the network ( called base station) within its communication radius. The mobile unit 

can move geographically while it is communicating. When it goes out of range of 

one base station, it connects with new base station and starts communicating through 

it. This is called handoff. In this approach the base stations are fixed. 

In contrast to infrastructure based networks, in ad hoc networks all nodes are 

mobile and can be connected dynamically in an arbitrary manner. All nodes of these 

networks behave as routers and take part in discovery and maintenance of routes to 

other nodes in the network. Ad hoc networks are very useful in emergency search­ 

and-rescue operations, meetings or conventions in which persons wish to quickly 

share information, and data acquisition operations in inhospitable terrain. 

Figure 1.1 shows the different between Ad hoc networks and infrastructure wireless 

networks. 
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Introduction 

1.2 Introduction to GPS 
The Global Positioning System (GPS) is a radio based navigation system that gives 

three dimensional coverage of the Earth 24 hours a day in any weather conditions. 

The satellites orbit the Earth every 12 hours at approximately 12,600 miles above the 

Earth. The GPS system is passive, meaning that the satellites continuously transmit 

information towards the Earth. If someone has a GPS receiver they can receive the 

signal at no cost. 
If the signals from three or more satellites are received, simple triangulation 

will make it possible to determine the location of the user. Up to 30 GPS satellites 

fly, mostly in highly inclined (polar) orbits this means that there will be between four 

and eight of them reasonably high in the sky above any site on the Earth at any time. 

The GPS satellites around the earth are shown in figurel.2 

Figure 1.2 GPS Satellites Around The Earth 
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Introduction 

The achievable accuracy depends on the status of the user. For military 

purposes (and some specific civil ones), one meter or better in all three coordinates 

(longitude, latitude, altitude) can be reached. For common civil users, the full 

accuracy of the coded satellite signal cannot be exploited, but it is still possible to 

reach an accuracy of about 15 meters in the best cases. 

The applications of the Global Positioning System fall into five categories: 

location, navigation, timing, mapping, and tracking. Each category contains uses for 

the military, industry, transportation and science. 

The technology of the Global Positioning System is allowing for huge changes 

in society. The applications using GPS are constantly growing. The cost of the 

receivers is dropping while at the same time the accuracy of the system is improving. 

\ 

1.3 Introduction to GIS 
GIS stands for Geographic Information Systems, GIS is a mapping technology that 

allows the user to create and interact with a variety of maps and data sources. GIS 

integrates databases with georeferenced spatial data (maps tied to specific known 

locations). In other words GIS allows the user to create visual displays of tabular 

information. [1] 

A GIS can be regarded as a computer system that can capture, store, query, 

analyze and display geographical information. Figure 1.3 shows the GIS functions. 

4 



Introduction 

Figure 1.3 GIS Functions 

Information in a GIS can be conceived as a series of layers, linked together by 

their common geographical framework, figure 1.4 show example of GIS layers. 

Figure 1.4 Example of GIS Layers 
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Introduction 

The data in a GIS is stored in one of two different ways, each representing a 

separate view or model of the real world. The vector model represents geographical 

reality as a series of discrete objects or features, classified as points, lines or areas 

(polygons). The geographical co-ordinates describing the locations of these features 

are stored in the computer database which lies at the heart of the GIS. Linked to these 

features will be associated attribute information recording their characteristics. In the 

raster model a regular grid of cells, or pixels, is used to encode the features found on 

the earth's surface. Each pixel has a number associated with it representing the value 

of a geographical phenomenon, such as terrain elevation or soil type. 

Current commercial GIS products use both the vector and raster models 

although transferring data from one format to the other is not always straightforward. 

They both have advantages and drawbacks. The vector model is good for querying 

database records associated with distinctive geographical features, while the raster 

model is suited for complex overlay operations (for example in examining vegetation 

change over time). 

GIS now provides the ability to integrate information, solve problems, develop 

effective solutions and visualize scenarios in a way that was simply not possible even 

a decade ago. 

I 1.4 Problem Identification and Scope of Work 
In the fast growing computer network market the demand for wireless computer 

network increases. An even more extreme case is one in which the network is 

wireless and mobile at the same time. Among the possibilities are: 

• Military vehicles on a battlefield with no existing infrastructure. 

• A fleet of ships at sea. 

• Emergency workers at an earthquake site that destroyed the 

infrastructure. 

• A gathering of people with notebook computers. 

6 
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Introduction 

In all these cases, and others, each node consists of a router and a host, usually 

on the same computer. Networks of nodes that just happen to be near each other are 

called ad hoc networks. 
What makes routing in ad hoc networks difficult from wired networks is that all 

the usual rules about fixed topologies, fixed and known neighbors, fixed relationship 

between IP address and location, and more are suddenly tossed out the window. 

Routers can come and go or appear in new places at the drop of a bit. With a wired 

network, if a router has a valid path to some destination, that path continues to be 

valid indefinitely (barring a failure somewhere in the system). With an ad hoc 

network, the topology may be changing all the time, so desirability and even validity 

of paths can change spontaneously, without warning. 

These circumstances make routing in ad hoc networks more difficult from 

routing in their fixed counterparts. 

A variety of routing algorithms for ad hoc networks have been proposed. The 

scope of this study is to implement simulation for ad hoc wireless networks routing 

utilizing GPS and GIS information. 

1.5 Summary 

In this chapter we give a quick introduction to the wireless technology, global 

positing system (GPS) and the geographic information systems (GIS), which we will 

focus on in solving our problem. 
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An Overview of Computer Networks 

2. AN OVERVIEW OF COMPUER NETWORKS 

2.1 Introduction 

Networks are an extremely important aspect of Computer Science in today's 

computing environment. Currently, 80% of all computers function in some way on a 

network. Within the next decade, virtually every electronic gadget will be networked 

in some fashion. Your cars will uplink with a satellite to find directions. Your TV 

will give out cookies as to your viewing habits, and what commercials should be 

shown during your favorite programming. These applications are not far-fetched, 

and the implementation is imminent. Everyone who works with computers will be 

faced with some, if not many aspects of networks. Having a basic understanding of 

how they work and where they came from is essential. [3] 

2.2 Computer Networks 

Computer network means an interconnected collection of computers such that 

they can: 

• Exchange information 

• Share resources with each other: 

To make all programs, data and equipment available to anyone on the network 

without regard to the physical location of the resource. 

• Increase computation power: 

Since resources are located at specific servers instead of each computer, it 

saves more storage space and allows for ease in data backup. 

• Maintain a high reliability: 

8 
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An Overview of Computer Networks 

If some computers go down, others may be able to take over its work. It is very 

important for example for military and air traffic control systems to continue 

operating when some hardware problems are encountered. 

2.3 Classification of Computer Networks 

Computer network can be classified by the geographical coverage of the 

collection of computers, in the coming sections we discuss these classes. 

2.3.1 Local Area Networks (LAN) 

A LAN is a high-speed data network that covers a relatively small geographic 

area. It typically connects workstations, personal computers, printers, servers, and 

other devices. LANs offer computer users many advantages, including shared access 

to devices and applications, file exchange between connected users, and 

communication between users via electronic mail and other applications. 

2.3.1.1 LAN Topology 

LAN topologies define the manner in which network devices are organized. 

Four common LAN topologies exist: 

a) Star: 

A star topology is a LAN architecture in which the endpoints on a network are 

connected to a common central switching element (hub or switch), by dedicated 

links. Two stations that want to communicate will have to setup a dedicated pair via 

e central switch. ) 

The primary advantage of this type of network is reliability - if one 'point-ta­ 

int' segment has a break, it will only affect the nodes on that link; other computer 

on the network will continue to operate as if that segment were non-existent. 

9 
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(b) Ring: 

An Overview of Computer Networks 

A ring topology is a LAN architecture in which all devices are connected to one 

another in the shape of a closed loop, so that each device is connected directly to two 

other devices, one on either side of it. The data is injected into the ring and circulated 

around the ring until it reaches the destination. 

(c) Bus: 

A bus topology is a linear LAN architecture in which transmissions from 

network stations propagate the length of the medium and are received by all other 

stations. Many nodes can tap into the bus and begin communication with all other 

nodes on that cable segment. A break anywhere in the cable will usually cause the 

entire segment to be inoperable until the break is repaired. 

(d) Tree: 

A tree topology is a LAN architecture that is identical to the bus topology, 

except that branches with multiple nodes are possible in this case. 

Figure 2.1 shows the four LAN Topology: 

Star 
Tree 

Ring 

Figure 2.1 The Four LAN Topology 
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An Overview of Computer Networks 

2.3.2 Wide Area Network (WAN) 

A WAN is a communications network that covers a wide geographic area, such 

as state or country. As shown in figure2.2 

Subnet 

\ 
R outer 

Ho st 

/ 

LAN 

Figure2.2 WAN Network 

2.3.3 Metropolitan Area Networks (MAN) 

Metropolitan area networks covers up to a city ( <= 10 km), Example: Cable TV 

network. The metropolitan area network is shown in figure 2.3 

Figure 2.3 MAN Network 
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An Overview of Computer Networks , 

2.3.4 Wireless Networks 

Wireless technologies, in the simplest sense, enable one or more devices to 

communicate without physical connections - without requiring network cabling. 

Wireless technologies use radio transmissions as the means for transmitting data, 

whereas wired technologies use cables. Wireless technologies range from complex 

systems, such as WLAN s and cell phones, to simple devices such as wireless 

headphones, microphones, and other devices that do not process or store information. 

They also include infrared (IR) devices such as remote controls, some cordless 

computer keyboards and mice, and wireless hi-fi stereo headsets, all of which require 

a direct line of sight between the transmitter and the receiver to close the link. 

Wireless technology aims to provide users access to information anywhere - it 

allows mobility. 

2.4 Reference Models 
In the next two sections we will discuss two important networks architectures, 

the OSI reference model and the TCP/IP reference model. 

12 
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An Overview of Computer Networks , 

2.4.1 OSI (Open System Interconnection) Reference Model 

The OSI model is shown is figure2.4 

j Application I,. Application protocol -~!Application t Interface t 
6 I Presentation I,. Presentation protocol -~I Presentation 

t ~~ t 
5 I Session !,. Session protocol -~j Session 

t t I Transport I,. Transport protocol J Transport t Communication subnet bounda t 
;, I Network l<-r···r···r··· >I Network l<-~I Network I< . r-- t Internt subnet protocol 

I Data Link !<-············ ··>I Data Link r-11 Data Link I< 
i 

I Physical 1<-·· ···· ···· ···1··> I Physical 
Host A Router 

Physical 

Router 

<··· 

· · · ···>! Network ! 

·>~ 

······· · ··· ··>1 Physical j 

HostB 

Network layer host-router protocol 

Data link layer host-router protocol 

Physical layer host-router protocol 

Figure 2.4 OSI Model 

This model deals with connecting open systems - that is, systems that are open 

ommunication with other systems. Note that the OSI model itself is not a 

.ork architecture because it does not specify the exact services & protocols to be 

in each layer. However, common standards were produced by ISO 

International Standards Organization) for each layer: 
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An Overview of Computer Networks 

1. Physical Layer 
The physical layer is concerned with transmitting raw bits over communication 

channel. 

2. Data Link Layer 
The data link layer takes a raw transmission facility and transforms it into a line 

that appears free of undetected transmission errors to the network layer. This task is 

accomplished by using data & acknowledgment frames and error detection 

algorithms (like humming code). 

3. Network Layer 
The network layer is concerned with controlling the operation of the subnet. 

That is routing the packets from the source to destination. Routes can be based on 

static or dynamic routing tables as will be reviewed later. *(This layer is the one that 

·e are actually interested in)*. 

Transport Layer 
The transport layer basic function is to accept data from the session layer derive 

· into packet (if necessary), pass these to the network layer and restore the data on 

other end. 

session, presentation & application layers are less interesting for us . 

.2 TCP/IP Reference Model 

This model was developed on the base of first computer networks and has only 

layers. 

Internet Layer 
The internet layer is the linchpin that holds the whole architecture together. It 

hosts to inject their packets into any network and have them travel 

ieiependently to their destination. This layer defines official protocol called IP. 
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