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ABSTRACT

Traditional tracking system with Two Dimensions-iea (2D-image)
standard presents only few and dull informationgers. In addition, 2D localization
only supports one level platform (i.e. horizontallyhus, the Three Dimensions (3D)
location tracking system has been developed to@tppultilevel building. The aim
of this research is to develop a positioning basedor tracking system with 3D
locations which are able to provide more usefulatmn tracking information to
users using radio signals. In this research, a le#seFidelity (Wi-Fi) based indoor
location tracking approach is introduced. We useddxisting Wireless Local Area
Network (WLANS) attached devices called the Acdeemt (AP) to the edge of the
wired network. Mobile Node (MN) communicates withe three APs to receive
signals. The Receive Signal Strength Indicator (R$S used to calculate the
distance between MN and APs. To determine theilmtatf the MN the trilateration
method is used. Finally, the database file is dmed to store all the results
calculated by the location server. The locatiorckieg system is able to detect
positions of MN without using Global Positioningssgm.
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ABSTRAK

Sistem penjejak tradisional dengan imej piawai Mimensi (2D) hanya
mempersembahkan maklumat yang sedikit dan pudaadeemara pengguna.
Tambahan pula penyetempatan 2D hanya menyokongsadypelantar (contohnya
melintang). Maka, sistem penjejak kedudukan Tigadisi (3D) telah dibangunkan
untuk menyokong bangunan yang mempunyai pelbages. éasaran kajian ini
adalah untuk membangunkan kedudukan berdasarkémsipenjejak dalaman
dengan kedudukan 3D yang berupaya menyediakan makpenjejakan kedudukan
yang lebih berguna kepada pengguna menggunakamtisgaio. Dalam kajian ini,
pendekatan penjejak kedudukan dalaman berdasariséemSRangkaian Pautan
tanpa Wayar (Wifi) diperkenalkan. Kami menggunakdat Rangkaian Kawasan
Tempatan tanpa Wayar (WLAN) yang sedia ada yangndjgil Titik Capaian (AP)
pada rangkaian berwayar. Titik Mobil (MN) berkomkemsi dengan tiga titik capaian
untuk menerima isyarat. Penunjuk Kekuatan Isyaranéima (RSSI) digunakan
untuk mengira jarak antara titik mobil dan titik pagan. Untuk menentukan
kedudukan titik mobil kaedathnilateration digunakan. Akhirnya, fail pangkalan data
dibangunkan bagi menyimpan semua keputusan yangradi@leh pemberi
kedudukan. Sistem penjejak kedudukan berupaya mandeedudukan-kedudukan

MN tanpa menggunakan Sistem Kedudukan Sejagat.
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CHAPTER 1

INTRODUCTION

11 Overview

Nowadays, wireless technology becomes very impbitalife which enables
humans to communicate around the world either ortstistance or long distance
without having to plug in any cable. All sectorgliuding universities, companies,
stations as well as airports and cafeteria prowiteless communication facilities.
The networks are developed using a devices calfedsa point that provide total
connectivity surround the area and connection terimet. Some devices are
necessary to cover a big area including outsidelilibg and small area like an
office, a lab or an airport. The signal strengthtleé access point influence the
number of users supported. If the signal strengthigh, large number of users can
be supported and vice versa. However, the numideascess point is not influenced
the signal strength. Even single wireless inteastess point can support a large

number of users simultaneously.

Besides internet access, wireless communicationpastg the world

community with variety of applications in the naliy, consumer, government and



business such as radio and television broadcastifig, radio and satellite
communication, home accessories, GPS service,igelavand many more. These
advantages bring the idea to implement user locdtecking on the premises using
this network. Localization is the process of detamg an object’s location in space.
Location tracking can be categorized as indoor amdoor localization. Location
tracking and positioning systems can be classifigdhe measurement techniques
applied to determine mobile device location. Therapches differ in terms of the
technique used to sense and measure the posititihre ahobile device in the target

environment.

Real Time Location System (RTLS) that determineitfmrs of the mobile
device can be classified as below[1]:

(1) Cell of origin (nearest cell)

(i) Distance (lateration)

(i) Angle (angulation)

(iv)  Location patterning (pattern recognition)
The implementation of location tracking system ¢@nused one or more of this
techniques. Some of the methods are able to ogiézformance in two or more
environments with very different propagation chéeastics. The techniques give an
advantage where at least two of this methods cawivdined to sense and measured
the position of mobile device. Regardless of thdeulying positioning technology,
the real time nature of an RTLS is only as reaktias its most current timestamps,
signal strength readings, or angle-of-incidence sueaments. The timing of probe
responses, tag transmissions, and location sem#ing intervals can introduce
discrepancies between the actual and reported e@asition observed during each

reporting interval.

Nowadays, many technologies are being used toecteeation-tracking and

location-based systems. The technologies includhg



(i)

(i)

(iif)

(iv)

Geographic Information Systems (GIS)
For large-scale location-tracking systems, it isessary to capture
and store geographic information. Geographic inftram systems

can capture, store, analyze and report geograptamation.

Global Positioning System (GPS)

A constellation of 27 Earth-orbiting satellites (8% operation and
three extras in case one fails) as shown in FiguteA GPS receiver,
like the one in user mobile phone, can locate fmumore of these
satellites, figure out the distance to each anducediser location
trough trilateration. For trilateration, it mustveaa clear line of sight
to these four or more satelltes. GPS is suitalbde dutdoor

positioning, such as surveying, farming, transpameor military

used.

Radio Frequency ldentification (RFID)

RFID is small and less battery microchips that banattached to
consumer goods, cattle, vehicles and other objextérack their
movements. RFID tags are passive and only trardatat if prompted
by a reader. Then, the reader transmits radio wthatscan activate
the RFID tag. The tag transmits information via re-getermined
radio frequency. This information is captured amgh$mitted to a
central database. RFID tags are replacement fditibmal UPC bar

codes.

Wireless L ocal Area Network (WLAN)

WLAN is a network of devices that connect via rafteguency, such
as 802.11b. These devices pass data over radiosvane provide
users with a network with a range of 70 to 300 f@it3 to 91.4

meters).



Figure 1.1 Concept of the GPS satellite constellation

1.2 Problem Statement

Location tracking in an indoor environment is pb#si with various
techniques based on mechanical, acoustical, uiti@soptical, infrared, inertial or
radio signal measurements. Nowadays, location imgckinformation and
visualization of 3D graphics either in outdoor eidaor environment had been
presented as one of research issues. Traditioaekitlg system with 2D image
standard presents only few and dull informationigers. In addition, 2D localization
only supports one level platform. Thus, the 3D tmratracking system had been
developed to support multilevel building.

There are many approaches to measure the locdttbe nodes in a network.
However the methods need high cost and requiraefgpand complex hardware. In

this research, the RSSI method was preferred dués tow cost and simple in



implementation. The focus area in this researchchwing location tracking at the

server side.

1.3  Research Objectives

The objectives of this research are to develop dogBtion tracking system
to support multilevel building. The development lgpan indoor tracking system
with 3D locations which are able to provide moreefuk location tracking

information to user using radio signals. The depelent including:

(i) To develop an indoor location tracking systemhreé dimension
provisioning based.

(i) To determine location of a mobile node at sevezalise level using
RSSI.

(i) To implement trilateration method and fingemrmethod of tracking

system.

1.4  Scopeof Work

The scope of this research is to design the locatiacking system to
determine a mobile unit position in 3 Dimensionw@k. The system presents in
IEEE 802.11 infrastructure networks. The systemrafes in the IPv6 network to
provide more reliable network supporting by Uburitocation determination of a
mobile unit is based on the RSSI from several acpeits varies with position of

mobile. This system uses a SNMP framework to colR&SI in the mobile unit and



communicate it to a server where the location obieas determined and available

via http.

The designs of location tracking system in this kvare using trilateration

method and fingerprint method. These methods ysuatk in two phases:

() First phase (offline phase)
A database of the RSSI in each location is bulie €xisting Wireless
Local Area Network (WLANS) attached devices workthe access
point (AP) to the edge of wired network. Nodes caminate with the
AP using a wireless network adapter similar in fiorc to a
traditional Ethernet adapter. The location servet #the mobile node
is setup. The mobile node is collected the sigfrais the APs and

send to location server to create a database.

(i) Second phase (online phase)
Given a sample of RSSI and a classification systenich uses
database information, the location server calcdldie® mobile node

position in terms of coordinate (X, y, z).

Most of works differ in latter phase. The designl amplementation of 3D
indoor location tracking has been demonstratedtastbed to determine the position

of mobile node in termed of coordinate (X, y, [pdayed at location server.



15 Thesis Contribution

The achievement of the research is the design a&wvelapbment of three
dimension indoor locations tracking for mobile us€ne proposed indoor location
tracking consists of the software components winctude the OS and the testbed
network. The software component has been designéaki Ubuntu by program the
system network and the testbed network has beealafmd by applying office
environment using WLANSs as a access points, desksagp location server, laptop as
a mobile node and wireless adapter as a hub betleeation server and mobile

node. In general the contribution of the work carhighlighted as follows;

(i) Development and implementation of indoor locaticacking for three
dimension (3D) that support multilevel building.

(i) Development and implementation of IPv6 network tsapports the
system in IEEE 802.11 infrastructure networks.

(iimplementation of the trilateration method afidgerprint method for
location tracking.

(iv) Development and implementation of location deteation of a mobile
node based on the RSSI from several access points.

(v) Development and implementation of indoor locatimacking system

testbed for mobile node in the office environmesihg the RSSI.

1.6  Organization of the Thesis

This thesis has been written in six chapters tohllggt the design,
development and the implementation of the 3D indooation tracking. It begins

with chapter 1 as the introduction to the thesiscdnsists of overview of the



research, problem statement, objectives of theareke scope of the work and

significant contribution of the project.

Chapter 2 provides the relevant background for tstdeding the location
tracking systems for indoor environment. Besides, tthis chapter presents the other
important components including indoor location kiag system application, VolIP,
IEEE 802.11 Standard and Internet Protocol ver€ioiPv6). The final part of

chapter 2 discusses on the operating system ugbd lncation tracking system.

Chapter 3 describes the designing and implementafidghe 3 Dimension of
Trilateration system. The system architecture aedigh is further explained in
detailed in Chapter 3.

Chapter 4 elaborates the designing and implementafithe 3 Dimension of
fingerprinting system. The system architecture @esign is also further explained in
detailed in Chapter 4.

Chapter 5 discusses the experimental results dnTridateration system and

Fingerprint system. The final chapter 6 concludesdutcomes of the research.
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