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ABSTRACT

The subject area of this thesis analyses the poovid location-based services (LBS)
in Africa and seeks methods of improving their posal accuracy. The motivation
behind this work is based on the fact that molathbhology is the only modern form
of information and communication technology avd#ato most people in Africa.
Therefore all services that can be offered on tbeil® network should be harnessed
and LBS are one of these services. This researck immovel and is the first critical

analysis carried out on LBS in Africa; therefordatd to be carried out in phases.

A study was first carried out to analyse the provisof LBS in Africa. It was
discovered that Africa definitely lags much of #rld in the provision of LBS to
its mobile subscribers; only a few LBS are avagadhd these are not adapted to the
needs of the African people. A field data empiricalestigation was carried out in
South Africa to evaluate the performance of LBSvjated. Data collected indicated
that the LBS provided is not dependable due toitlecuracy introduced by two

major factors - the positioning method and the datatent provided.

Analyzing methods to improve the positional accyrgcoved quite challenging
because Africa being one of the poorest contineassmost mobile subscribers using
basic mobile phones. Consequently, LBS often cabagirovided in Africa based on
the capability of the mobile phones but rather be tapability of the mobile
operator’s infrastructure. However, provision of $Busing the network-based
positioning technologies poses the challenge ofadyoally varying error sources

which affects its accuracy.

The effect of some error sources on network-basesitipning technologies were
analysed and a model developed to investigate ghsildility of making the RSS-
based geometric positioning technologies error awdajor consideration is given to

the geometry of the BSs whose measurements ardarsgalsition estimation.



Results indicated that it is feasible to improvealton information in Africa not just
by improving the positioning algorithms but also bging improved prediction
algorithms, incorporating up-to-date geographicaifoimation and hybrid
technologies. It was also confirmed that althoughre are introduced due to location
estimation methods, it is impossible to model thhereand make it applicable for all
algorithms and all location estimations. This icdese the errors are dynamically

varying and unpredictable for every measurement.
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CHAPTER ONE

1 INTRODUCTION

1.1 GENERAL BACKGROUND

This thesis has two major areas of interest - @ealyof the provision of location-
based services (LBS) in Africa and investigatinghmds of providing accurate LBS
in Africa for a more optimal use of the mobile netk. The purpose of this chapter is
to provide a motivation for the thesis and giveriafoverview of ideas the thesis is

built on.

1.2 MOTIVATIONS FOR LBS IN AFRICA

Developing countries are caught up in the worldwidabile technology evolution
and Africa is no exception, though a bit slowemtilthe year 2000, fifty (50) of the
fifty-four African (54) countries had less than gércent mobile phone coverage.[1]
By 2008, 65 percent of the African population hadess to mobile phone coverage
even though barely a quarter of the African popoilahave access to electricity. This
is shown figuratively in Figure 1.1 [1, 2]. In Afa&, mobile technology has not only
been accepted, the mobile station(s) (MS) has bectm ubiquitous form of
communication. The penetration of mobile technology rural Africa is particularly
dramatic where mobile phones are the first contiaetpopulace had with modern

telecommunication infrastructure [2].

In Africa especially in rural areas, the mobilewatk infrastructure is made up of
mainly 2G (second wireless network generation) péta; South Africa with the
most advanced mobile network in Africa is a goodigation of this. VODACOM
South Africa with the largest network coverageha tountry has about 99.7 percent

2G coverage and 54 percent 3G coverage. With hurdian coverage of 27,272 km



and total rural coverage of 1,191, 818 2G rural coverage was 81.8 percent w
3G rural coverage was just about 7.3 per(3]. This might le because a large
percentage of users only use voice and short megsagrvice (SMS) serves.
Consequently, rolling oumore advanced mobile network in most a do not
present economic importance. Tmight also be due to the low average revenue
user (ARPU) in most areas. Even thotthe major services presently offered
voice and SMS, the economic benefits currently yagoareenormous. Such benef
include communication among social arbusiness networks, job creation

development projés using “m- development” [1, 2, 4].

B Mobile Phone Covera
® No Mobile Phone Covera

@ Electricity Coverag
® No Electricity Coverac

Figure 1.1: Mobile phone coverage and electricity coverage in Africa in the year
2008 [1, 2]

Even with the limitations presented by the mohilastructurein Africa, there are
many other services which can be introduced in roftde optimize the majc
communication technological petration available to thenmobile technology. Sus

new services includmobile money services; locatidiased content services, me
driven information services et cete



1.3 RESEARCH BACKGROUND

LBS enable mobile users to connect to points oéreggt around a particular

geographical location providing personalized reéime services based on location
[5, 6, 7, 8, 9, 10]. These services are locatidarmation services based on wireless
mobile technology and are accessible through mosidions (mobile phones,

Personal Digital Assistants (PDA), et cetera) [®, 111]

Geographical location capability is a feature ie thobile network which makes it
successful, attractive and optimized [5, 9, 10]isTis because it gives the mobile
users access to location-based services anywherataany time. For example it
assists in locating friends and family, enhances&ckgn rescue operations for
emergencies, et cetera [7, 8, 9, 10]. Mobile opesaalso have the opportunity to
provide value-added services and generate reveomeservices other than voice and
data [9, 10, 11].

LBS can therefore give mobile operators the muatded value-added services to
increase their ARPU while at the same time optingzall that the mobile network

has to offer to African subscribers. LBS can h&guce the spread of tuberculosis,
aid in a wider coverage area for immunization, @coic empowerment and more.
More examples of LBS which can be introduced inig&rare discussed in detail in

Chapter Five, Section 5.7, and page 101 of thisishe

In 1996, the Federal Communications Commission (FGCthe United State of
America (USA) adopted a report that enforced mobiperators in the USA to
provide and deliver wireless emergency service 1911, 12]. The E911 report
became a major driver of LBS to enhance effectboation based emergency service
delivery sent from MS(s) to Public Safety AnsweriRgints (PSAPs) (911 call
centres) [12].

According to USA FCC regulations, MS-based positigrtechnique must provide

an accuracy of 50m to 67 percent of calls (150 m9¥s percent of calls) while



network-based E911 service is to provide an acgurd@00 m to 67 percent of calls
(300 m for 85 percent of calls) [11, 12]. The mebiperators in a bid to obey the
FCC rules, invested many resources in their mai@kvork thereby paving the way
for commercial LBS as well [10], [11]. The Européddnion (EU) commission (EC)
also issued a directive in 2002 ("Directive 2002Ex2' 2002) enforcing the
Enhanced 112 (E112) a variant of the USA’s E91].[13

1.3.1 Performance Evaluation of LBS

The LBS presently offered by most LBS providerstioscribers often present very
limited or no guarantee of service [14] and studikBS accuracy presented in [15]
reiterate the fact that the quality of service (QOBELBS varies. It can vary based on
many factors such as: the mobile operator, positgpriechnique, type of LBS,
position of the MS relative to the base station)(B8d geographical location of the
MS (rural, suburban or urban), the location infotiora provider et cetera. Mobile
operators today try to offer and are required ferdfBS with most of the following
characteristics to ensure maximum returns on usexgienses: good location
accuracy, quick response time, QoS, high relighiihywhere service / any location
and high flexibility [7].

There are three negotiable QoS parameters of LBSTiese are vertical and
horizontal accuracy of the geographical locatiod #re response time of providing
the location service. Currently, for emergencypmses and most LBS offered, the
vertical accuracy is not considered [7]. Verticat@acy and response time are not
requirements for the provision of most LBS. Theitmmtal accuracy is the major
requirement to be met. Therefore, in this thesis, ertical accuracy and response

time will not be considered while horizontal acay#s referred to as “accuracy’.

LBS users depend on the QoS offered to effectivgilyze location information
provided to them [10, 16]. This is because LBS shsgsers to perform location
dependent tasks for example consider a request foadlee location of the nearest

hospital. The user is dependent on the QoS offeyethe LBS provider to make an



informed decision based on the location informatsenvice provided. Therefore a

failure in the accuracy of the location informatiprovided translates to a failure in

the decision made. This reiterates the importaricgood service delivery to LBS

users [16]. A reliable and dependable LBS occurgrnwhn LBS is provided in

response to an LBS request and, on getting to He, wassists in an informed

location-based decision. Accuracy of LBS providedstibscribers is therefore very

important.

a.

Accuracy

Accuracy is one of the major parameters that deternthe QoS of LBS.
Though it should also determine if specified LBSh dae deployed at a
particular location or not, but this is not alwagise case. The accuracy
requirement of LBS differs, e.g. the local weattegrort does not need as high a
level of accuracy as an emergency call or a cinddker as shown in Table 1.1
[7, 10]. The accuracy requirement presented ind all is that expected from

both developing and developed countries.

There are two major ways in which error or inaccyrean be introduced into
LBS. The first is inaccuracy in estimating the piosi of a MS by the mobile
network operator and the second is the inaccunairgduced by the location
information made available by the data and conterdvider. Location

information and positional accuracy are two verypamant factors of

geographical information made available to usersremuest. Effective and
reliable LBS not only require accurate positionteghnology, it also needs

dependable and reliable location information [17].

1.3.2 Basic LBS Components

Location-based services have five basic comporseiserding to Stienger et al [9],

MS(s), communication network, service and applaratprovider, data and content

provider and the positioning. Figure 1.2 shows tedationship between the

components.



Mobile station (MS)

A MS is a device used by a subscriber to accesscssron the mobile network

and it is also used to request for and receive rg@bical location information

for LBS.

Table 1.1: Examples of LBS service and their requirements (adapted from [7], [10])

2

Service Category Horizontal Vertical Response | Periodic Location | About the service
Accuracy Accuracy | Time Reporting
Emergency  Service| Network based:| n/a <5 sec. Required  Period Activated by pressing
(Pull) 100 m (67%) TBD suggest 1-1¢ the help button ang
300 m (95%) minutes an SOS is sen
Mobile station immediately to the
based: required authorities
50 m (67%)
150 m (95%)
Emergency Alert | 125 m n/a <5 sec. Required  Period From the emergenc
Service TBD suggest 1-10 mgt team to the use
(Push) minutes in a particular area t
warn them abou
dangerous situations
Home-Zone Billing Depends on n/a Depends Required depends Biling by Mobile
biling zone (5 on on billing | operators will be
m — 300 m) increments | increment and location sensitive.
of billing. coverage zone
Fleet Management 125 m- Cell-ID | n/a 5 sec. Required (1-10Authorization
minutes) required.
Asset Management 10m-125m n/a 5 sec. Required (1-10 Authorization
minutes requirec
Person Tracking 10m-125m n/a 5 sec. Required (1-10 Authorization
minutes) required
Pet Tracking 10m-125m n/a 5 sec. Required (1-10 Authorization
minutes) required, special SIM
or USIM might be
required
Routing to Nearest| 10 m-125m n/a 5 sec. Not required Subscriptioniredu
Commercial
Enterprise
Traffic ~ Congestion | 10m —40 m May  be 5 sec. Required (1-2 Subscription required
Reporting required minutes)
for over-
passes
Roadside Assistanc 10m-125n n/e 5 sec Not requires Subscription require
Navigation 10m-125m n/a 5 sec. Required (1{18ubscription required
minutes)
City Sightseeing 10m-125m n/a 5 sec. Not required Subscriptioniredu
Localized Advertising | 125 m — Cell-| n/a Not Not required Subscription require]
ID sensitive
(default to
5 sec.)
Mobile Yellow Pages | 125 m — Cell-| n/a 5 sec. Not required Subscription requi
ID




Service and application provider
The service and application providers process éinéice requests of users and

offer location information based on user’s request.

Data and content provider

Location information is stored and maintained by @ippropriate authorities for
example, governmental or private mapping agenadidsusiness and industry
partners. Examples of such information include geplgic data and
information data of a particular area, state orntigu These agencies or
organizations maintain the maps by making sure upab-date information is

stored and made available to service providers wieexled.

Positioning Technology

Service and Data and Content
Mobile Station Application Provider Provider

]

/

Figure 1.2: Basic LBS components (adapted from [9])

Communication Network

Communication network

This is the connection between a MS and mobile oktwperator. Due to the
limitation in the capacity of MSs in Africa mostass will have to depend
largely on locating their positions based on thieastructure and technology

available on the Global System for Communicatio®g network.

Positioning technology
This uses known measurements from fixed receivansiitters to estimate
the location of a MS. Positioning techniques camgtmiped in different forms

such as those based on:



i. Number of measurements

Number of measurements needed for positioning pemigent on the type of
technology to be used or needed [18], [15] andrit loe:

o

o

Multilateral with multiple BSs simultaneously taginmeasurements to
locate a MS.

Unilateral, where a MS takes measurement from pialtiBSs and
estimates its position. This is MS assisted pasitig.

Bilateral with only one BS and the MS for positingi

ii. Type of Handset
The handset might be modified or remain unmodif@dositioning purposes
[19]:

o

Modified MS solutions: this technique requires wa@iite or/and hardware
modification of existing handsets.
Unmodified MS solutions: no modification is needed the MS;

modifications are carried out only at the BSs erstvitching centre.

iii. Measurement and Estimation

Measurement of data and position estimation camp&mented on the

mobile network, on the MS or combination of botB]f2

o

Network-based positioning uses the mobile netwaoik is very important
especially when global positioning system (GPS)utsmhs are not
available or applicable [20].

MS-based positioning requires a smart phone wiih-luGPS module to
calculate its own position, and provides relativhlgher accuracy when
estimating the location of a MS than network-basesitioning [21].

Hybrid positioning which can be either MS assiste®S assisted and not
strictly based on either the MS or the network enr&lestimation of the MS

position can be carried out on either side.



1.3.3 Positioning of MS with No Built-in GPS Module

The mobile network is not the only feature whicls eaolved over the years. The MS
has also evolved in size, features and capabilitredate 2007, the mobile phone
manufacturing sphere entered into the GPS worldssawded making mobile phones
with built-in GPS modules [22]. This was attributédl the need by the mobile
network operators to achieve the mandate createdeby SA government for E-911
services [17]. With GPS positioning being more aatal will enable network
operators will be able to achieve the E-911 regp#cification by a milestone. A
GPS receiver receives precise orbit and transmitasiinformation from the GPS
satellite and uses these to triangulate the exagitipn of the user on earth [23]. With
a built-in GPS module on a MS, mobile services aocurate LBS services can be
offered. Unfortunately, not all mobile subscribees afford a MS with built-in GPS

module therefore most users use a basic MS.

A basic mobile phone has all the capabilities nddde voice communication, SMS
and other applications such as FM radio, memoryceparganizer, games, low
megapixel camera et cetera and they are availablbetween R70 and R400. The
cheapest smart phone with built-in GPS module dgoesbout R1 500, more than
fifteen times the amount for a basic mobile phd® [R—-RAND is the currency of
South Africa). A smart phone can be as expensive a®torbike depending on its

features and capabilities.

Africa is one of the poorest continents in the waslith more than 30 percent of the
African populace living on less than $1 per day.@Rjger day) and more than 40
percent of these people live in rural areas (showAppendix A Table A.1, page

202) [25]. Consequently, most mobile subscribersAfrica can only afford and

therefore make use of a basic MS [26]. Considetlmse facts, the positioning
technique best suited for the provision of LBS iffridga is the network-based
positioning technique which can be provided to sikdS without the need for an

upgrade.



The handset pyramid shown in Figure 1.3 depicts shenario better. About 75 - 87
percent of subscribers in Africa presently use dgdiones and just about 3 - 5
percent use smart phones. The prices in [27] ate different from what is available
in the market in South Africa [24] and it should@lbe noted that not all smart
phones have built-in GPS modules. This further ceduhe percentage of users who
have smart phones with built-in GPS modules.

Now [ 3 — 5 years time ]

Smart Phones Smart Phones
3-5% 10- 15%
Feature Rich Phone Feature Rich Phones
20- 30% 30-40%

Basic Phones
75-87%

Basic Phones
55-60%

Figure 1.3: The handset pyramid (adapted from [27])

The cost of basic mobile phones is not the onlyeés® be considered, but also low
power consumption and battery life. With only abautuarter of Africa having
erratic electricity coverage [1] , smart phonesauie difficult to maintain in Africa.
In rural and even urban areas in Africa where therao electricity coverage or
erratic supply, MS users might only be able to ghatheir MS irregularly. Smart
phones which are high-end devices consume much ehectricity and their batteries
drain faster than basic phones. A basic mobile phuwas a battery life of about 400
hours while a smart phone battery hour is highlyeshelent on the type of service it is
used for as shown in Table 1.2.

Table 1.2: Average battery life of a typical smart phone (adapted from [28])

Services Talk time on| Talk time on | GPS Stand by | Media, games,
3G 2G services time surfing the web
Battery life 5 hours 10 - 15 hours 5 hours 150 bour< 5 hours
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1.3.4 LBS in Africa

Global LBS platform revenue reached about US$510iomiin 2010 and it is
expected to reach a record high of about US$1li®tiby 2015. Governments across
the globe after evaluating the importance of LB8ehaot only embraced it and they
are investing in network-based positioning which easist in lawful interception of
criminals, emergency services and national secpritposes. Some governments are
also taking the lead in network-based positioniegduse it is more reliable indoors

and in covered areas than GPS [29].

LBS currently rolled out in South Africa are comipsd with a basic MS. These LBS

are quite affordable when weighed against the itapoe of LBS. Presently, in South

Africa; the subscription fee for basic LBS is ab®&it3/month. Operational details of
four (4) basic LBS that might interest most molsildscribers are shown in Table 1.3
[30].

VODACOM and MTN offers emergency pull LBS to centaiccuracy as Look4Help

and MTN2myAid services respectively. Once the LEB§uest is made, a distress
SMS is sent to emergency contacts specified byrélgestered user indicating the
approximate location of the distress caller. Thiso affer person tracking/locator
service of a mobile phone user to certain accumitly the consent of the mobile
phone users. This service is offered by VODACOMLask4me and by MTN as

WhereRU.

The network providers specify that accuracy prodider location-based services
offered is dependent on cell coverage and dens$itelts in an area. For example,

accuracy provided at built-up areas is better thahprovided in rural areas.

Though those presented are not popular locatioticagipns in South Africa, the
most popular is Foursquare, a location-based soaddorking website for smart
phones users. Others include Facebook Places, Goemad Google Latitude and

these support smart phones and computers [31] .
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Table 1.3: Cost of some LBS offered in South Africa (adapted from [32, 33, 34, 35]

LBS Cost (content) Bearer

MTN 2MyAid

Monthly Subscription R12.49

Add someone to locate (SMS) Free R0.86

To locate someone via SMS R2.00 per received SMS .8R0O

To locate someone via USSD R2.00 per location rique  21c per unit of 20sec
MTN WhereRU

Monthly Subscription R12.49

Activate an alert using USSD R2.00 21c per uni2@ec
VODACOM Look 4 me

Monthly Subscription R12.49

Add someone to locate (SMS) Free R0.05

To locate someone via SMS R1.84 per received SMS 5RO

To locate someone via USSD R1.84 per location rique  20c per unit of 20sec
VODACOM Look 4 help

Monthly Subscription R12.70

Activate an alert using USSD R1.84 20c per unk@gec

1.3.5 Network-based Positioning technology
All measurements and calculations needed for M&tioe estimation takes place in
the mobile network and hence no extra capabilitynéeded by the MS. Some

advantages of network-based positioning techniqasde [6, 15]:

0 Measurements needed for network-based positiorange obtained over the
air in GSM networks.

0 Requires no hardware and minimal software modibicat to the mobile
network.

0 Available underground, in car parks and urban cagyo

0 Available everywhere there is mobile network cogera

o Old and new mobile phones can be used to acces®tiBSively.

Disadvantages of network-based positioning are:

o Relatively low accuracy levels when compared to GP&sitioning

techniques.
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o The accuracy obtained is highly dependent on dyoaiyi varying factors
such as network density, propagation channel, siek, geometry of the

network and wireless environment.

To ensure QoS delivery to MSs with no built-in GR®dule, the positioning

accuracy offered by network-based positioning m#shoeeds to be improved. This
can be achieved based on the awareness that thmegof LBS offered is usually

dependent on the amount mobile network operatadsnaobile users are willing to

invest [10].

1.4 RESEARCH OBJECTIVE AND SCOPE

The goal of the research performed in the fram#hisf thesis was to study LBS in
Africa, propose some LBS adapted to African neesigjgest and investigate
appropriate techniques for providing satisfactogcusiacy and dependability to

location information users.

This research also studied the feasibility of inwimg the location accuracy of a basic
MS on GSM infrastructure by making the positionialgorithm aware of error
sources around it. This will then assist in impnaithe accuracy of location
information provided to users. The thesis objestieand scope are examined in
greater detail in Chapter 3 once the relevantditee has been reviewed in Chapter 2.

1.5 THESIS ORGANIZATION

To achieve the stated objectives, the layout otliesis is as follows:
Chapter One: Introduction

This chapter contextualises the study present#usrthesis.
Chapter Two: General Literature Review

Relevant literatures are reviewed about Global &gstor Communications (GSM),

LBS, LBS data and content issues and network-bpssitioning techniques.
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Chapter Three: Literature Review on network-basesitjpning techniques

Various positioning estimation algorithms appliedthe network-based positioning
techniques of interest are reviewed;

Chapter Four: Research Questions

Describes and explains the research motivatiomarel question, methodology and
contribution to knowledge;

Chapter Five: Critical Evaluation of LBS in Africa

Presents a critical evaluation of LBS in Africa ameéthods of LBS adaptation and

deployment in Africa;
Chapter Six: Critical Analyses of the Dependabitify BS in Africa

Critical analyses of the dependability of LBS inridd and key parameters affecting

LBS accuracy in Africa are presented.
Chapter Seven: Analysing Error Introduced To Neka®ased Positioning and LBS

An investigative analysis of sources of error inwwk-based positioning methods
was carried out and the effect of geometry on weeksignal strength (RSS) based

positioning technique was established throughsdieadil analyses.
Chapter Eight: Geometry-aware Network-based P ositgp

Some methods that can be employed to effectivedgipt the accuracy of Cell-ID
positioning technique were proposed. The neuraortbased geometry-aware
model that was built to analyse the feasibility iofproving the accuracy of

predictions from geometric RSS-based positioninthoes is presented; and
Chapter Nine: Future Work, Recommendation and Qrsih

Future work, recommendations and a conclusionaseprted.
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CHAPTER TWO

2 GENERAL LITERATURE REVIEW

2.1 INTRODUCTION

This chapter gives a review of relevant literatutébegins with a review of GSM
technology: its inception, structure of the airenfidce, its logical and physical
channels and its architecture. There are manyce™\win the GSM network that can

be offered such as voice, data and other valueebsielwices such as LBS.

LBS are important services which can revolutiortlee way things are carried out in
Africa. The importance of LBS and their variatidegeviewed later in this chapter.
Thereafter, the types of positioning techniquesravéewed with special emphasis on
network-based positioning.

2.2 GSM NETWORK

A brief introduction on GSM is given to help undarsd positioning in GSM
networks better, a brief introduction is given t&M& and the organization of the
GSM air interface.

2.2.1 Evolution of GSM

The main governing body of the European telecompaiiin standardization
organization, known as CEPT (Conférence Européenes dPostes et
Télecommunications), created the Groupe Spécialilel¢gtSM) committee in 1982
and the acronym GSM was used for the first timeMGas tasked with defining a
new standard for mobile communications to operatéhe 900 MHz band and a
digital technology was decided on. CEPT later es0dl to the European
Telecommunications Standards Institute (ETSI) and1888, GSM became a
Technical Committee under ETSI [36, 37].
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In 1988 the initial draft of the GSM specificationecame available and the Phase 1
of the system specification was launched. In 1$@lacronym GSM was changed to
Global System for Communications and also in tmeesgear, Digital Mobile System
1800 (DCS 1800), was derived. The DCS 1800 wastadap the United States and
was called Personal Communication System 1900 (F8D8) because it adopted the
1900 MHz band. By 1992 GSM had attracted worldwigkerest and became a

major commercial success [36, 37].

Phase 2 of the GSM specification was launched e 1893 and phases 2+ also
evolved. GSM Phase 1 system specification hanitieccommon services (e.g. call
forwarding and call barring), while phase 2 handlether services such as
supplementary services and facsimile. Phase 2+Hédmawer features such as half-

rate speech coder and reliability [36].

2.2.2 GSM Network Architecture

A GSM network comprises several components as shiowa simplified block
diagram structure in Figure 2.1: the mobile stat{ptt), base transceiver station
(BS), the base station controller (BSC), transcgdate and adaption unit (TRAU),
the mobile services switching centre (MSC), honmeation register (HLR), visitor
location register (VLR), and equipment identity ister (EIR). Together these
components make up the GSM public land mobile n&kkw&LMN) [6, 36, 37].
There are three additional components which areechddr positioning in GSM
networks, which are called Serving Mobile Locati@entre (SMLC), Location
Measurement Unit (LMU) and the cell broadcast ee(@BC) [6] which is expanded
upon later in the Chapter.

a. The mobile station (MS)
A subscriber uses a MS to make measurements oflohéwgignals in a GSM
network. It can also make location measurementghwban be used by
different location methods though the location rodthio be used determines

the location measurement to be made. A MS may etstain positioning
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applications for MS - based or MS assisted posit@pnThe subscriber identity
module (SIM) and the mobile equipment (ME) aretilie functional modules

of a MS. The SIM is a database that is specifia fmarticular subscriber and
communicates directly with the VLR and indirectlytiwthe HLR. The mobile

equipment (ME) is the mobile station without théISiard [6, 36, 37].

| ADC
A-bis | A
BSC | ] rmemesmzosseeeoe- :
| ! VLR i
i i i Gateway >
L MSC : MSC Other
i E i Networks
___________________ | ! [ HLR :I :
BSS ‘[ EIR AUC |]
BSS MSC and Support

Figure2.1: GSM network architecture (adapted from [35], [36])

The base station subsystem

The base station subsystem comprises of the BSB#t& and the TRAU. A
MS communicates with the base station subsystenS)BBrough a base
transceiver station (BS) via the radio interfacg, B BS can be considered as
a complex radio modem which handles connectivitg al the transmission
and reception functions relating to the GSM radit@iface between the GSM
network and the MS. It also provides connectivigivieen the GSM network

and the MS and plays a minor role in radio resoafloeation. Coverage cells
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in GSM networks are formed by the BSs and it deiteesthe cell coverage
area and capacity. The BS is connected to the B&Ghe Abis interface. The
TRAU compresses and decompresses speech betwekts@and the TRAU

and is typically located between the BSC and th&CNkg 36, 37].

The mobile services switching centre

The BSS is connected to the mobile services switcltentre (MSC) which
manages the routing of calls to and from MSs artitiadial functionality of
coping with mobility of subscribers. An MSC areaaisietwork covered by a
particular MSC that manages its associated BS$msiesses large switching
capability and a typical MSC controls tens of BS@&l has the capacity to
handle several tens of thousands of subscribeesc@pacity of the MSC varies
with different manufacturers. The A-interface cotiseghe MSC to the BSS, B-
interface connects it to the VLR, C-interface te tHLR and E-interface
connects different MSCs. A single MSC then servestree gateway MSC
(GMSC) between the PLMN and external networks §,3].

The GSM network databases

The GSM network databases are the home locationsteeg (HLR),
authentication centre (AuC) and the visitor locatiegister (VLR). The HLR is
a database for a large number of subscribers withrmation specific to each
subscriber such as services they have access ttharidcation (MSC area)
where the subscriber is currently registered. EX@8M subscriber will have
an entry in the HLR of their home network and eREMN has an HLR. The
AuC though closely related to the HLR is used twesbnly information related
to the security features of GSM’s, i.e. user auflcetion and radio path

encryption.

A VLR is a database with information relating tdsaribers that are currently
within an MSC area(s) it is associated with i.eiting the VLR area. A VLR

can be associated with one or more MSCs. It previgdocal copy of the
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subscriber’s information and eliminates the needaiatinually access the HLR
to retrieve subscriber information. This is very pontant for roaming
subscribers. The interface between different VLRealled the G-interface and
between the HLR and the VLR is called the D-inteef§6, 36, 37].

Management of the GSM network

The network management system of the GSM telecoruations network are

the operations and maintenance centre (OMC), tiveonke management centre
(NMC) and the administration centre (ADC). The natkvoperator controls the
network using the OMC and it’s typically each OM@ntrols a subsystem e.g.
the BSS. The NMC manages the entire network and\I€ takes care of the

administration of the network [36, 37].

2.2.3  Structure of GSM Air-Interface
This subsection describe the structure of the G8Nheerface and it gives a brief

overview of modulation and multiple access schenfr@snes, synchronization for

both uplink and downlink communication and the ptgisand logical channels used
on the GSM network.

a.

Modulation and multiple access schemes

GSM uses the Gaussian Minimum Shift Keying (GMSK)odulation
technigue. GMSK as the name suggests is based sim@er modulation
scheme known as Minimum Shift Keying (MSK) whicHdyegs to the group of
frequency modulation (FM) techniques. The informatis carried in the form
of phase variation. A logical ‘0’ will cause therdar phase to decrease by’90
over a bit period and a logical ‘1’ will cause th@rier phase to increase by’90
over the same period. The modulategd dutput signal depends on the input
signal k, where F, is switched between two frequencies ¢FR) and (F - R).
The relative bandwidth of the Gaussian filter is thetermining factor of the
modulated spectrum; a bigger filter translates bwaader modulated spectrum.

An advantage of GMSK in comparison with other scagis that it comes with
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a narrow transmission frequency spectrum of 200. KHthereby causes only
slight neighbour channel interference and theaalyiccontains no amplitude
modulation (AM) portion [36, 37].

Though GSM operates in a range of frequencies thneiple of design and
operation are the same for all of the frequencygean GSM utilizes a
combination of Frequency Division Multiple AccesEDMA) and Time
Division Multiple Access (TDMA) for separating ancbntrolling the air-
interface into channels. This means that each sloeon each frequency is
assigned to a single user. The available spectsypartitioned into slots of 200
KHz each [36, 37].

Frame hierarchy and frame numbers

Every TDMA frame is assigned a fixed number aneéjeats itself after a time
period of 3 hours, 28 minutes, 53 seconds and 7B&enonds [37] which is
also called the hyperframe. Other hierarchicalcstmes that lie between the
hyperframe and the basic TDMA frame are the maltife which consists of 26
or 51 TDMA frames and superframe with 26 or 51 ifralines. 26 or 51
multiframes makes up a superframe, and 2,048 gapess constitute a
hyperframe. The fixed numbers assigned to each Aldsime is used for data

encryption and for synchronization during positian[36, 37].

Eight time slots (TS) are mapped into each frequearal these eight bursts,
numbered O through 7, constitutes a TDMA frame. hEaaplex carrier

supports a number of timeslots with duration of265Mms ¢ 576.9us) and
carries 156.25 bits. Therefore a TDMA frame repeatry 60/13 ms¥(4.615

ms) and has a data transmission rate of 270.83. ke timeslots and the
frame duration are deduced from the fact that 26/A0rames are transmitted
in 120ms. These particular numbers are importantiasigning the GSM'’s

frame structure [36, 37].
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Frame burst

In TDMA transmission energy is emitted in a pulsenmer rather than
continuous. MS and BSs send bursts periodically @ar@SM burst with the
duration of a time slot (577 ps) on a certain eanealizes a physical burst that
transmits either user data or signalling data. finesical burst needs extra bits
for administrative purposes which reduce the s@a@elable for the payload

and signalling [36, 37].

The BS uses the format and length of the accesst burcalculate the actual
propagation delay between a MS and a BS calledftiset time. This closed
loop timing advance mechanism is activated wheretieean established link
between the MS and the BS which is used by the dM8ansmit within the

required time period. This information also allofes the calculation of the
distance between a MS and a BS [36, 37].

One major drawback of positioning in GSM networkstle lack of time
synchronization between BSs. The downlink structirdhe TDMA frame and
the time slots for each BS is according to itsrimaé clock. The BS clock is
usually realized by Oven-Controlled Crystal Ostidta OCXO and suffers
from a frequency offset of between®@nd 10°, which in the worst case
approximately corresponds to a phase deviationrog per day. This makes it
impossible to realize accurate positioning withgimeasurements on the GSM
network as it is [6]. Figure 2.2 shows the summairthe different types of
GSM frame burst.

Synchronization between uplink and downlink and tining advance
Guard times are used to separate neighbouringdiote to avoid interference
between them. Therefore it was necessary to esltabii agreement for a MS
to send its data three time-slots after receiviagadrom the BS. This helps
prevent collision of data from other MSs providbd burst from the MS is in

a well-defined time frame. The synchronized timeéween sending and
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receiving of data is also used by a MS to perfoarious measurements on
the quality of the signal received from the BS #émel neighbour cells [6, 36,
37].

1 TDMA Frame = 8 Time-Slots = 1 GSM
0| 1| 2| 3| 4| 5| 6| 7

1 Time Slots : 1 GSM Burst = 156.25 bi

<« »

Normal Burst

Tail Bits | Information Bits | Training Sequence Information Bits | Tail Bits | Guard Period

3 5 2 5 3 8.25
Synchronization

Tail Bits | Information Bits | Training Sequence Information Bits | Tail Bits | Guard Period

3 2 6 2 3 8.25
Dummy Burst

Tail Bits Fill-in data (predefined sequence) Tail Bits | Guard Period
3 142 3 8.25

Frequency Correction

Tail Bits Fixed Bits (All coded with ‘0’ value) Tail Bits | Guard Period
3 142 3 8.25

Access Burst

Tail Bits | Training Sequencg Information Bits | Tail Bits [ Guard Period

8 4 3 3 68.25

Figure2.2: GSM frame burst (adapted from [36, 37])

The TA information makes a MS further from the BSsend its burst earlier.
Therefore, the sent burst always arrives at theeB&tly within the correct
timeslot. TA parameter is transmitted as a six+bimber of any value
between 0 and 63 providing 64 timing advance st8psp 0 means no TA

takes place. Each corresponds to a period of d@nevhich is 3.69us and

22



therefore the maximum TA will correspond to 63f®tiods (3 x 3.69us 63
bit periods). The GSM radii is designed for cetiraf up to 35 km, each TA
step corresponds to 553.46 m (35 km ~8%3.46 m) [6, 36, 37].

The TA value gives a rough estimate of the distdveteveen a BS and a MS,
which is very useful for positioning. It is impontato note that TA represents
twice the propagation delay (PD = 2TA) and it idyoavailable for MS in
busy mode, as it is calculated by the serving Bter&fore it is not possible to
get TA from another BS except through forced haedde three or more
other BSs.

2.2.4 Physical and Logical Channels

Uplink and downlink communication between a MS an®S is carried out on a
specific pair of radio frequency (RF) carriers witha given time slot in each
consecutive TDMA frame. Each time slot and carfreguency realizes a physical
channel that transmits either user or signallinta.d&he transmission of user and
signalling data are mapped onto physical chanrfeds being carefully arranged on
logical channels which is quite a complex mattevgical channels carry specific
information which carries out specific tasks ands tban be deduced from their

names.

One RF channel will support eight physical chanmelsme slots zero through to
seven. There are basically three types of logibhahaels: traffic channels, broadcast
channels and control channels. Traffic channelaiireqthe fastest data rate in
comparison to others and they are mapped ontogiesphysical channel. Multiple
signalling or control signals share the same tiro¢ according to well-defined
patterns [36, 37].

2.2.5 Services Offered on GSM Networks
The GSM was designed to be interoperable with nated services digital network
(ISDN) and therefore services provided are a subfséte standard ISDN services.

While intended primarily for voice communicatiomviever they also support fax
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and email services at low data transmission rateetiveen 8 and 9kbps. The three
basic services offered on a GSM network are teless, bearer services and
supplementary services [37]. Selected detailedicEs\offered on GSM network are

shown in Figure 2.3.

Voice calls are the most basic service supportedCBM. It also supports data
services such as facsimile, e-mail messaging, wetwding and basic multimedia.
Supplementary services enhance that basic teleserare offered and these includes
call conferencing, call waiting, call hold, callrdag, number identification, advice

of charge, closed user groups and unstructuredesmpptary services.

LBS are network enabling technology and they fuorctndependent of other services
provided on the GSM network; though subscriber estgiand location information
delivered uses these services. LBS can be regubgtsending a request by USSD
or the internet. Location information can be dakcketo the subscriber through SMS,
MMS, USSD, WAP, e-mail or on the internet, depegdim the subscriber’'s profile
and MS capabilities.

GSM Service
\ 4 \4 \4 \ 4
Teleservice Supplementary Bearer LBS
Services Service —
v
*
Call waiting, call barring,
unstructured

supplementary services

Figure 2.3: Selectively detailed services offered on GSM network

2.2.6 GSM Network Positioning Architecture

There are three major additional components thatmeee positioning on the GSM

architecture - the location measurement unit (LMthe serving mobile location
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centre (SMLC) and the cell broadcast centre (CBSL) [The structure of the GSM
positioning architecture is shown figuratively igére 2.4.

CBC

Figure 2.4: Structure of the GSM network positioning architecture

The LMU is used to perform time measurements fonetbased positioning
algorithms and there are two types. LMU Type A gatsess to the network through
the air interface while LMU Type B is connected oeewired link to the access
network. The LMU is not a necessary component tbeiopositioning techniques

which are not based on time measurements.

The SMLC controls all other positioning processeshsas allocation of resources,
evaluating measurements and estimating the positian MS. The other additional
component, the CBC is used to broadcast positioasgistance to a MS from the
network. It is used by Enhanced Observed Time Bifiee (E-OTD) and AGPS for
MS-based positioning techniques [6].

2.3 LOCATION-BASED SERVICES

LBS are one of the supplementary services offere@8M mobile networks. It is an

electronic service which enables personalized sesvio mobile subscribers based on
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their current geographical location [38, 39]. Somebile users have embraced LBS
because of the important and significant relatigngletween mobility, geographical
location and location dependent services. There ragmy attractive location
information services offered on the GSM network,édgample: locating a child, fleet
management, locating the cheapest restaurant grebadest route, emergency calls

etc.
2.3.1 Importance of LBS

a. The short-term reason for LBS
i. Emergency services

As the number of mobile network users grows moik more emergency calls
are made wirelessly. There are over one millionrgenecy calls made yearly in
Europe in which the location is unknown to the exathnd in some of these
emergency calls wrong or inaccurate location infation are given [40]. This
wastes valuable time and hinders prompt dispat@nrgency services. Often
there may also be a very high number of calls riefgrto the same incident,
e.g. in traffic accidents, causing unnecessaryaticsies and at the same time
congestion to the mobile network. Therefore, eveithaut authoritative
requirements, automatic location estimation ofrtiabile station and its user is

an important task to perform in case of an emengenc

Emergency location and other public safety relaedices can be regarded as
the most important of the location-based applicetioln network-based
location techniques, subscriber location can beaiobt independent of MS
operation. Typically, the positioning process dejsean the operational status
of a MS (idle/connected/off). All location techne&gi require the MS to be
turned on and many need the MS to be connectedelcto at least a serving
BS [40].
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Medium-term reasons for LBS
The medium-term reasons for creating location-$iesiechnologies are to
provide:

I. Value-added services
Currently, the mobile phone has become a popublaceeamong mobile users
due to its small, handy and versatile nature. Topufarity of MS and the
number of users are continuously increasing andhat same time MS
manufacturers and service providers are strivinoptt@duce new features and

services to their users [41].

LBS provide new opportunities for network operatensd application and
content providers to provide innovative value-addedvices and creation of
new revenue sources [38]. Due to large revenuectegdrom LBS in the near
future it has gained considerable attention fronthkecademia and industry
[39]. It also opened a new market for developersbile network operators

and service providers to develop and deploy vatiged services [41].

ii. Application/ commercial value

LBS allows for efficient planning and use of resms. It enables mobile users
for example to get access to local traffic inforimatand detailed directions to
places of interest. Police and rescue teams willlide to quickly and precisely
locate people who are lost or injured but cannet gheir precise location.
Companies might use geographical location basedicafipns to track
personnel, vehicles, and other assets [42, 43]. h®8ide many new business
opportunities for mobile operators, application @odtent providers and other
third party partners [38].

iii. Law enforcement
Location information can be used to locate subscsiwho have broken the

law and are being investigated by the Police orSbkeret Service. Location
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information also assists in other location relat@estigations carried out by

law enforcement persons.

iv. Statistical information
The number of persons in a particular cell in a meohetwork can be gleaned
from the network and the information can be usedHhgytransport industry,

population control agency and other related agsncie

C. Long-term reason for LBS
Knowledge of the spatial distribution of mobile leas assist in planning,
design and optimization of resources in the mohééwork [42]. Also, fast
moving MS can be assigned to larger cell, thus besdbetween cells can be
reduced considerably [43, 44]. A large number ofdwvers always consumes
a lot of network resources and failures of handeweould lead to call-drops
and data loss. Faulty registration of MS(s) causgadnultipath reflections of

radio signal into far cells instead of nearby celis also be prevented [44].

2.3.2 Types of LBS

According to the International Telecommunication idwn (ITU), LBS can be
classified as pull and push services [45]. For theoaanalyses of LBS applications
consult [46].

a. Pull services
With pull services, the request for LBS is initétby the user and location
information is sent based on user interaction @agiest [9]. Examples of push
services include information, functional, interaeti emergency and mobility

services as presented by [9, 10]:

* Information service
This provides information about objects or placésmterest close to or at the
user’s location. Examples include locating curr@osition, nearest Police

station, city guides and mobile yellow pages.
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b.

Functional service
These LBS are provided directly to subscriberstaeg include ordering a taxi

or an ambulance based on their location.

Emergency service
The LBS provide information about the user locationrescue services or

related services in case of an emergency.

I nteractive service
Provides interactive service between mobile usetsetween mobile users and
an object based in their location It does not negjaiconnection to the internet.

Examples include gaming, dating and chatting.

Mobility service
This service provides information on navigationtsas getting from one place

to another, shortest route and route alternative.

Push services

Location information is pushed by the service pidevs to the end users not
based on request but rather the location of the &e&h services are activated
when the mobile user gets to a particular locatioarea and it might also be
time dependent. Sometimes user needs and prefereage to be sensed by the

push system [9]. Some examples are presented f@)d0]:

* Information Service

This provides information about events or thingpgdening at the present
location of LBS subscriber. Examples include adserhents on entering a

shopping mall and advertising a petrol stationriragea the user just entered.

* Emergency service

Emergency alert services are sent to subscribdrgsmnspecific geographical
locations or cell in the mobile network. Currentihere are no legal or

administrative requirements needed for this serwigddwide.
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» Tracking service
An end user with tracking capabilities is able tack another end user, but
consent is needed for this service to be provideamples include person

tracking, fleet management and asset management.

* Location sensitive billings
Users are charged tariffs based on the location #ne or where they might
have been close to. Examples include Pay as yote[@dr insurance and road
toll [47].

2.3.3 Interoperability of LBS

Interoperability between different components isassary for the provision of LBS
to mobile users. The LBS supply chain presentedha& subsection explains
information transfer between components concernbdewhe mobile originating

location request procedure gives the proceduraloagp to the provision of LBS.

a. LBS Supply Chain
This identifies the different parties participatiimgthe provision of LBS based on
a request by the user. Although it is not an LB&hdard it has been generally
accepted and used by the concerning parties [Glir€i2.5 shows the LBS supply
chain with the relevant location information trarsbetween them, presented
after [6] and [48].

« MS
A MS connected to the mobile network already reged for LBS and which

can be used to request LBS and accept locatiommafimon.

 Location provider
It triggers and controls the process of positionmgy behalf of the LBS
provider. This service is also referred to as liocatservice (LCS). The
Location provider sends location information, whadntains a MS’s estimated

location, MS identifier, quality of data and otHecation related information.
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Table 2.1 shows some elements of location datanrdbon made available to
the LBS user.

Navigatior

Location Data an:
ContentProvider

Geographic
*. Information

on \

Applicati
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Applications

I

1
1
1
1
1
1
1
1
1
1
:
1
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1
1
1
1
1
1
1
1
1
1
1
1
1
\

Wireless Network

Locatior-finding
Equipment

Person Locat

P2 /

@2 e

Services

PoFsi|)t(|on Middleware Location-

based Service Product

Nearest Hotel Location

ATM ... Mobile Location AD?tw e
Provider

Figure 2.5: LBSrequests ( [6, 48])

* Position originator
The mobile network operator is the position origimafor network-based
positioning methods and it estimates the positiwofthe LBS subscriber. The

position fix is the bare coordinate of the target.

e LBSprovider
Spatial analyses and query are performed hereelotiation data and the data
is combined with other necessary and understandgagraphical content. The

output resulting application data is transferrethoLBS user.
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» Content provider
The content provider maintains a spatial databasenaost content providers
also have GIS. This geographical information ivdeed on request to the

LBS provider and onward to the MS.

e LBSuser
The LBS user uses the location information to madevant decision and

choices.

Table 2.1: Elements of location data [6]

Element Description

Represents the target’s location, but not necegdarithe
original format resulting from positioning.

Indicates whether the location is the current;ahitor last
known location.

Specifies the spatial reference system the locasidmased
on.

Contains quality parameters such as accuracy dtitot

Location

Type of Location

Format of representation

Quality and the time when it has been generated.
Identity Specifies the target’s identity and the identityey
Direction Denotes the direction of the target’'s motion.
Speed Denotes the speed of the target’'s motion.

Mobile originating location request procedure

The location request originates from the subscsbéiS. The location
preparation procedure then performs authenticatiwatks, network resources
reservation, privacy policy checks and determirthmgpositioning technique to
use based on user preferences and MS featuresisTtagdled in steps 1-5 of
the procedure shown in Figure 2.6. The MS sends td#@est to the mobile
network (1), which is forwarded to the MSC (2).

A service acceptance is sent to the MS therebycatiig the MSC
acknowledgement of the request (3). If MS is ireidtate, authentication and
ciphering is carried out before sending the aceeptessage. The MS then

invokes the LCS (4) and specifies the type requifiéds invocation contains
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some necessary parameters, for example the MSdsatuser preference and
QoS required [6].

The MSC then checks if the subscriber has pernmiskip all or some of the
parameters. If the location request is acceptedl 8¢, it proceeds by checking
if the MS is idle or connected to a serving BSdlé, the MS is then paged to

make it active and messaging for positioning aa ) — (7).

@ i —

MS BSC + SMLC MSC HLR GMLC

Service request LCS
client

Service request
»

Authenticatidn, ciphering, serviges
accept

>
hl

Location service invoke

Location request h

Messages for individual

n positioning methods

Location report
Subscriber location report

: - n Subscriber locption report
LCS mobile griginated <

J return result Location
——
Information
Releasg connections

Figure 2.6: Mobile originating location request procedure [6]

After positioning, the position fix is sent to tgateway mobile location centre
(GMLC), where it is translated to the required refeee system and forwarded
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to the LCS server (10). The LCS server then gitiesfinal location data to the
MS to be used by the subscriber (11) and all theections are released for

another process (12) [6].
2.34 Context in LBS

Dey [49] defines context as “any information thande used to characterize the
situation of an entity”. The entity in this caseLBS and it is user characterized in a
geographical location. There are many contexts lickvto characterize LBS and

some of these are presented after Nivala [50] Aod/s in Figure 2.7:

e LBSuser: specifies the profile of the LBS subscriber.

Social and Cultural
setting

Figure 2.7: Different types of context in LBS (adapted from [9]).
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e Location: the location the LBS subscriber when requestim@bmut LBS.

e Time: gives the time LBS request was made by the LBSsuier.

e Orientation: specifies the orientation or direction the LBS suiber is
heading or coming from.

e Navigation history: gives where the LBS user has been and what theg h
seen and done.

e Purpose of use: this is determined by the purpose of the locaitdormation.

e Social and cultural setting: this is characterized by the social relationsloips
groups the LBS subscriber belongs to.

e Environment: specifies the characteristic of the physical emvinent.

e MSProperties: specifies type and capabilities of MS used for iBuest.

2.4 DATAFOR LBS

The information provided by the data and conteavigler for location-based services
needs to be fine grained and up-to-date to ensweptovision of accurate and
reliable services. Even though data collection gathering techniques are getting
sophisticated, there are still challenges in th&a d@antent delivered to LBS users

such as integrity, dependability, reliability anthéss-of-purpose of the data.

Most data have a finite shelf life and they candoee too out-of-date and unusable.
This is a huge challenge in developed countriecitesl by [47] and a bigger

challenge in developing countries where new bugdiand infrastructure are built
more frequently.

2.4.1 Types of data
There are many types of data that can be consideredBS depending on the
context they are used in. Some of these are pextdrere after Brimicombe and Li
[47]:

e Base mapping: this includes road and railway networks, buildimgtlines,

elevation data and administrative boundaries.
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e Points-of-interest: addressable and non-addressable prominent plawks a
landmarks.

e Services-of-interest: includes geocoded yellow pages.

* Events-of-interest: from sickness outbreaks, weather forecast, tra#éiws, to
events such as festivals and violence.

¢ Navigation data: known public routes, intersections and road festur

* Imagery. satellite, aerial and terrestrial imagery, geobiegd pictures and
images for visualization from light detection amehging devices (LIDAR).

e Multimedia clips: includes commentaries on features of interestingldo a
particular location data. Webcams and closed dir@levision (CCTV) can
also be used for video clips and these are typiedbut 1 MB a minute file
size. Also included is visual reality visualizatioglating to the location data

of interest.

2.4.2 Data collection technologies
The data presented above can be collected in waneys. Some of these are

presented here after [47].

* GPSand Inertial Navigation System (INS)
These allow users to track their positions base#&rmwn coordinates. GPS is
based on a constellation of 24 satellites orbitimgearth at an altitude of about
20,200 km. Most forms of measurement and mappinigized from the GPS.
The initial navigation system (INS) is a differdethnology from GPS and it
uses three sets of gyroscopes and accelerometefsilyacalibrated inside a

vehicle.

* Remote sensing
Data is acquired about objects without direct ccnt@th them. Examples of
devices used for remote sensing includes cameatic(sind moving), light

detection and ranging device (LIDAR) et cetera.

36



» Ground survey
This is the measured distances between objectsdimg the direction of line

and angle of inclination between them.

e Others
There are other methods in which data can be ¢ellesuch as the use of close

circuit television (CCTV), web crawlers, wirelesstwork and MS.

2.4.3 Data quality issues

Uncertainty of location information is a centrasug in geographical information
science (GlScience). This is because compilatiodatd set for location information
is expensive, time consuming and requires expefigge For example if two GIS
layers are used for positioning and they are ebohita70 percent correct, (0.7 x 0.7),
this will result in a data set which is only abd@tpercent correct (0.49).

2.5 LOCATING THE USER

2.5.1 Introduction
This is one of the basic components (as previomggtioned in Chapter One) for the
provision of LBS. Positioning techniques utilizeokym measurements to determine
the position of a MS. Basic principles for calcuigta MS’s position are [10, 18]:

0 The position of the fixed station relative to treeu

o Signal propagation and signal strength relativinéouser.

o Distance to the fixed station which can be obtairfean the signal

propagation relative to the user.

There are several ways of differentiating methofipasitioning MS outdoors as
shown in Figure 2.8. Using network-based techniguebs measurements and
calculations needed for positioning take place he mobile network [6, 51].
Examples include Cell Identification (Cell-ID) aBaigle of Arrival (A0oA) which can
be applied to GSM and Universal Mobile Telecommations System (UMTS)
networks, Enhanced Observed Time Difference (E-OT&)d Uplink Time
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Difference of Arrival (U-TDoA) for GSM networks an@bserved Time Difference
of Arrival (O-TDoA) for only UMTS networks. Enhandeand Advanced Forward
Link Lateration (E-FLT and A-FLT) can be used food@ Division Multiple Access
(CDMA) networks. There is also the fusion of twonoore methods which are called
hybrid location methods. Examples include Cell IDT#ming Advance (TA) or
Received Signal Strength (RSS), Assisted GPS (AGR S| et cetera.

SATELLITE POSITIONING
METHOD

NETWORK BASED POSITIONING

L
Names of positioning [ GPS I D-GPS I GALILEO] MIETHOD
methods 1
Basic methods L(RESFEJAL'QEN

Names of positioning ‘ AOA ‘ Cell -ID
methods GSM& | GSM&

E-FLT

cdmaone/
2000 2000

_——

HYPERBOLIC
LATERATION

A-FLT
cdmaone/

Types of network UMTS UMTS

ANGULATION
Basic methods J :
4 CIRCULAR
PROXIMITY LATERATION
SENSING

Figure 2.8: Overview of satellite and mobile network positioning

One of the methods of estimating a MS’s positiotbased on where measurement
and position estimates are calculated and theypeasither MS-based, network-based
[6] or a hybrid of both. For the former, all meamments and calculations needed for
position estimation takes place in the MS. Exampletude GPS, Differential GPS
(D-GPS) and Galileo.

2.5.2 Network-Based Positioning Techniques

Network-based positioning is the most applicabbteque for locating MS in Africa
as stated previously in Chapter One. With no reguimodification on the MS and
little modification carried out on the mobile netkpthe services can be made

available at relatively low cost. Network-basedhtemogies rely mostly on the
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existing network infrastructure and are relativedgs complex [6, 10, 52]. The BSs
measure necessary signals originating from a MS w@web the measurement to
estimate the location of a MS. Measurements aMailédr the implementation of

network-based location estimation based on GSMdstais are Cell Identification

(Cell-ID), Timing Advance (TA), and strength of sajs received by the handset
(RXLEVs or RSS) [53].

The Network-based technologies approved by th&8neration Partnership Project
(3GPP) are Cell-ID + TA, U-TDoA, E-OTD and satellibased GPS technologies
[7]. E-OTD and U-TDoA technologies utilize time nseaements for positioning of a
MS and therefore require installation of locatioeasurement unit (LMU), a new
network element. The former method requires LMUahed at every BS while the
latter requires its installation for every 2 - 5 B3S(s) using E-OTD does not
require software modification while MS(s) being posed using U-TDoA requires
software modifications. Due to the non-synchronarabf BSs on GSM networks,
location measurement unit (LMU) determines the toffeets of measurements to be
used for position estimation.

However, all network-based technologies requirewa modification to the network
in the form of the serving mobile location cent8MLC). The SMLC manages the
coordination and scheduling of resources for MSafion estimation and it is

responsible for the final location estimation acdwaacy [7, 53].

The network-based solutions applicable to develpgiountries are the ones that
require minimal hardware modification and softwamedifications to the network.
This leaves just the Cell-ID and TA technology t® bsed in Africa. This is the
reason why RSS-based positioning techniqgue wasralsestigated in this thesis. This
might make more options available to developingntoes in providing accurate and
reliable LBS.

RSS-based methods are not specified by the 3GRRISE&RSS-based measurements

are generally very inaccurate compared with timeasueements and therefore all
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technologies approved by the 3GPP apart from Celldre based on time
measurements [7]. The variant introduced by RSS lmams much as 30-40dB
especially in built up areas [54]. However, consitg rural environments especially
in Africa where at least 50 percent of the people lin rural areas and where

multipath is considerably lower, RSS-based metlawdsapplicable.

Technologies reviewed in chapter three are CeldIR, RSS-based and a hybrid of
these.

Though the network-based positioning method isrtiost applicable in developing
countries, it offers minimal accuracy and predidigb Tremendous challenges are
faced in designing fast, robust, have high accuyrasgimal cost and with minimum
delay network-based positioning techniques. Q2lltechnology’s accuracy is
mainly dependent on the cell size of the serving BS& technology’s accuracy is
dependent on about 553.46m radius around the geBS(as explained in Section
2.2.3 (d) and page 21) and RSS-based technologisashighly dependent on the
multipath and error introduced by the wireless emvnent.

2.5.3 Accuracy challenges of network-based positioning ¢énology

Dependence on mobile location providers to imprheeaccuracy of network-based
positioning in developing countries is quite chadjeng. At present, LBS research is
mainly focused on the needs of developed countviese smart phones with built-in

GPS module are more prevalent and network infrestra better established.

The relationships between radio environment, gewgcal features, positioning
systems and the accuracy of network-based posigoare also quite complex.
Mobile operators and the safety community involued BS have expressed a desire
to take these factors into consideration to provigdee accurate location service but
“unfortunately there is currently little factualfarmation from which to establish or
evaluate weighing factors” of these dynamically yuag parameters [12]. The

dynamically varying error sources of network-bageditioning techniques can be
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classified into three major groups according tg [I®, 55]: errors due to computation

and measurement, geometric features of the netarmakhe wireless environment.

a.

Computation and measurement

The measurements in the field are not error-free tarrefore the estimation
technigues must take into account measurement.nbigesimplest solution to
reduce the challenges posed by measurement errby igsing more base
stations’ measurements [15]. Computation and measemt error sources can

be introduced by clocks, software limitation anddweare limitation [6], [15] .

Geometrical features

Different types of network geometries pose différehallenges in mobile
positioning, especially with positioning using mdhan three BSs. Thus, it is
not feasible to employ a universal positioning alkion for varying geometries
and to expect the same accuracy [56]. Geometriz saurces include: dilution
of precision (DOP), base station (BS) coordinaBss,geometry, BS cell size
[6, 15].

Wireless environment/ harsh environments

A major accuracy challenge is positioning in hagskironments, such as dense
urban environments, complex buildings, and othexasrwhere multipath
propagation usually exists. Due to non-line-of-ighLOS), the first signal
arriving at the receiver might suffer stronger rati&ion than later arrivals and
a wrong time of arrival might be estimated. Thaul@ésg estimated location by
the estimation algorithm might provide biased esation. Other sources of
error include signal attenuation, noise and interfee, fading et cetera [38, 51,
57]. Unfortunately, whichever method is used, thegh wireless environment
imposes big challenges for precise estimation es¢hparameters at multiple
base stations (BS) which resulting in large eriarthe estimation of mobile

location.
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2.5.4 Challenges of the Wireless Environment

Although in most cases, line-of-sight (LOS) propawa is expected between a
transmitter and receiver this is not so especiglyrban areas where there are so
many natural and artificial obstructions such agdmgs, mountains and foliage. In
real communication channels, electromagnetic (EMyeg get to the receiver from
the transmitter via different methods such as céfe, refraction and diffraction. The
EM waves arriving via several paths simultaneodisiyn a complicated interference
picture of the received radio signal forming a npaith situation [58, 59, 60]. This
causes the strength of electromagnetic wave trateshtio decrease as the distance

between the MS and the BS increases.

The path loss also fluctuates randomly due tontledility of a MS over irregular
terrain, and/or among buildings during communiaatigth the BS. The propagation
channel is also affected by noise generated witiertransmitter and receiver such as
thermal noise in passive and active elements ofelketronic devices, and from
external sources such as cosmic radiation, man-made and atmospheric effects.
The speed of motion and frequency of transmissiem @auses the signal to fade [58,
59, 60].

These different noise sources in the wireless oblagwe classified as additive noise
and multiplicative noise. Additive noise is genethtwithin each element used for
communication while multiplicative noise is caudmedvarious processes inside the
propagation channel. It firstly depends mainly loa directional characteristics of the
transmitter and receiver antennas and the distémeteeen them. Secondly, it
depends on the multipath experience of the eleagomtic wave when transmitted
between a MS and a BS [58].

Three basic types of interference introduced by wieeless environment are

presented here - fading, multipath and path loss.
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a.

b.

C.

Fading
Fading is the temporal variation of signal ampléuthused by movement of
the receiver/transmitter in a multipath propagagarironment or movements
of scatterers. Fading can be in the space-domair;domain and frequency-
domain [58, 60]. Fading can also be categorisexlaag fading, fast fading or

random fading.

Slow fading, also known as “shadowing effect” itagge-scale fading in the
space domain or slow fading in the time domains Itaused by diffraction
from the obstructions placed along the radio link@unding transmitting and
receiving antennas. Fast fading is the short-ssiglal variation in the space
domain or fast variation in the time domain caulgdnutual interference of

the wave components in the multi-ray field [58,.60]

Random fading which is temporal is associated waitlshift of frequency
radiated by the stationary transmitter. In facg time variations, or dynamic
changes of the propagation path lengths, are cekatehe Doppler Effect,
which is due to relative movements between a statipbase station (BS) and
a moving subscriber (MS) [58, 60].

Multipath
Radio signals reaching the receiving antenna amiwéwo or more paths.
This is due to reflection, diffraction and refractifrom surrounding objects
and water bodies. Multipath fading is highly degpent on frequency
therefore it can be mitigated using frequency hogpGSM systems allow for
frequency hopping and all GSM MSs can hop, but lhsuanly cells located

in severe fading areas are designated as hopplisd3&.

Path loss
The effectiveness of the propagation channel ifediht environments can be
determined by the path loss. Path loss can beatkfis a large-scale smooth

decrease in signal strength of the EM wave withadise between the
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transmitter and the receiver. Path loss is caugdtidospreading of EM wave
radiated outward in space by the transmitter arsfrotted by man-made and
natural obstacles in its path. The spatial vanetiof the EM wave due to path

loss are large while the temporal variations avev$b8, 60].

2.5.5 Propagation Models

Propagation models are empirical mathematical nsoldelcharacterising radio wave

propagation based on its frequency, environmestadce, BS and MS parameters
and other factors. There are various approachesbtaining the average received
signal strength as a function of location. Oftdre higher the accuracy required the
more complex the propagation model. There is alwaysade-off between the

accuracy of the propagation model and its complexithe accuracy of the

propagation model is measured by the mean andtdinelaad deviation of the error

term. A most suitable propagation model will be @n#h zero mean error and a very

small standard deviation [61].
The various approaches for getting a propagatiodeirare [61]:

0 propagation models found in literature, Okumuragatmodel, Egli's
model, Lee’s model, et cetera;

o0 terrain-based computational model;

0 measurement-based model; and

o hybrid model. The propagation models found in &tare and the terrain
based model can be tuned to obtain better accufEtoy. measurement
model and the propagation model can also be tumedtain better results

or a combination of all three methods.

a. Okumura-Hata model
The Okumura-Hata model is an empirical model usgdniobile network
operators in South Africa because of its appliggbilo the South African
environment. The Okumura model is based solely easurements made in
Tokyo in the 1960s for frequencies between 200 201dHz. The actual path
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loss predictions are made based on graphs of tlesurement analyses and
correction factors applied to some parameters [@2kumura model is
comparatively difficult to use and it was modifiexithe Okumura-Hata model.
Hata developed a useful model for path loss asnatibn of BS height, MS
height, carrier frequency and the type of environtfarban, suburban or rural)
based on measurements and analyses (graphicalmetion) from the
Okumura model. Hence it is called the Okumura-Hadael and it is one of the
most widely used prediction models. The model haenbvalidated for
frequencies between 150 and 1500 MHz, mobile statiatenna heights
between 1 - 10 m and base station antenna heifgB&-0200 m and separation
distances from 1 - 20 km. The basic prediction fdarns based on flat urban
terrain but additional correction factors make thepplicable to other

geographical areas such as rural and suburban[&&&s3].

The influence of irregular terrain is defined byréén correction factors given
by prediction curves. For suburban and open apcemsgction formulae can be
produced with the help of measurement data. Sidwe d@nvironmental
definition is not clear, it is not certain how telect correction formulae in an
actual application. In the Okumura-Hata model, éfiects of buildings are
more significant in small area propagation envirenta. The environmental
features such as the information about buildingddd$ and roads between the
transmitter and the receiver should be considepecdcurate prediction. For
these reasons, environment estimation is very &@runi order to select the
correct propagation model and to calculate theadist between BS and mobile
station [63].

Urban areas are built-up cities or large towns wéih and large buildings, or
larger villages with closely built houses and tdlickly grown trees and
vegetation. The open-area model represents locatiaih open space, no tall
trees or buildings in the path, and the land ckkéoe 300 — 400 m ahead (i.e.,
farmland). The suburban area model representdageibr a highway scattered
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with trees and houses, some obstacles near thdemmlii not very congested
[62].

The baseline model - urban prediction for path ([@8s):
PLy (dB) = 69.55 + 26.16 x logio (f.) - 13.82 x logiohss - a(hws) .21
+ (44.9 - 6.55 xlog1o hss) x Logio(d)

Where { is the transmitting frequency in MHE&gs is the base station height
above the terrain in meteis,s is the antenna height above the terrain in meters,
d is the distance between the transmitter (BSsyaceiver (MS) in kilometres,

a(hus) is the mobile antenna height correction factordifferent environments.

These ranges of parameters are valid over theggesam Okumura-Hata's
model:

150 < f. <1500, f. in MHz
30 < hgs < 200, hgsin m

1 <hwms <10, hgsinm
1<d<20,dinkm

Mobile antenna height correction factor for a smalnedium-sized city:

a(hus) = (1.1 x Logio (fo) - 0.7) hm - (1.56 x Logio (fc) - 0.8) dB .. 2.2
Where 1 < hyg < 10m

and for large cities;

a(th): 8.29 (10g10(154th))2' 11, if 150 < fc < 200MHz .. 2.3
a(th): 3.2 (10g10(11.75th))2' 497, 200 < fc < 1500MHz

when the mobile station height is 1.5athus) = O dB regardless of the

frequency.
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2.6

For environments other than Urban, corrective fdasumust be applied. Path

loss in large cities and urban environmemRisd) is given as;

PLLC = PLU (dB) - a(th) 24
Suburban area prediction for path I(&sy) is formulated as;

PLsu=PLy - a(hus) - 2(log(fe/28))’- 5.4 .. 2.5
Open or rural areas prediction for path I@8s,) is given as:
PLos = PLy - a(hus) - 4.78 x (Logio(£.))? + 18.33 x Logio (f) - K ...2.6
K ranges from 35.95 (countryside) to 40.9%sgtt) [59].

The Hata model does not go beyond 1500 MHz whilei@ka provides
support for up to 1920 MHz. The Hata model alsosdoet provide path
specific correction factors unlike the Okumura modr distances greater
than 1 km, the Hata model reasonably approximates Qkumura model.
However, due to the distance, the Okumura modeieais better for small
mobile cell and higher frequency mobile systemsuiiog indoor application
[59].

CONCLUSION

A review of GSM networks was given, particularlyrglation to positioning on GSM

networks. The types, importandateroperability and context of LBS were reviewed

giving an appropriate background on LBRBhe types and quality of data required for

the provision of LBS was also presented.

The estimation of the location of a MS is an impottaspect of the provision of

LBS. A background of this was also presented irnolgidhe various challenges

encountered and error introducing factors whichigates the accuracy of a MS

location estimate and ultimately the accuracy efltBS provided to the subscriber.
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The next chapter presents network-based posigjoi@chniques which are the most

applicable positioning methods for the provisiorLBfS to basic MSs.
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CHAPTER THREE

3 LITERATURE REVIEW ON NETWORK - BASED
POSITIONING TECHNIQUES

3.1 INTRODUCTION

This chapter gives emphasis to geometric netwosethapositioning techniques
based on cell identification (Cell-ID), timing adwe (TA), and received signal
strength (RSS) measurements. Critical reviews dirtelogies used throughout this

thesis will then be presented.

Two-dimensional location estimation is considerédotigh out this thesis, the
analyses and methods presented can be extendedre®-dimensional location

estimations.

3.2 NETWORK-BASED POSITIONING: MEASUREMENT AND
IMPLEMENTATION

Cell-ID, TA and RSS are measurements availabldherdSM standards for network-
based MS position estimation with minimal additioferdware and software
modifications [53]. In this section, the positingi techniques and positioning

algorithms that make use of such measurementaieed.

3.2.1 Cell-ID Positioning
When a subscribed MS is turned on it is always eoted to a serving BS with
known coverage size and position. Any MS thus cotatkto a particular serving BS

can be located based on the known coordinate @d#and its coverage area.

a. Measuring cell size
The large macrocell, the small macrocell and therocell are used in GSM
networks while the picocell and nanocell are usetbors. The macrocell are

mainly used in rural areas to cover large areds faitly even terrain and good
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line of sight (LOS) and it can be up to 35 km betwe BS and a MS. The
small macrocell and microcell are used in urbarasr@here there are tall

buildings, multipath, diffraction and refractiord6

Cell-ID based position estimation

All BSs are assigned cell identities to uniquelgdite them and these groups of
cells are grouped into clusters forming a locatioga (LAC) [37]. The Cell-ID
based algorithm uses the Cell-ID of the serving(BS assumed to be with the
strongest signal and handling communication to ) to estimate an
approximate location of the MS [11, 53, 64]. The BBvays broadcasts
information about itself such as its cell identatyd its LAC and MSs within its
cell coverage receives the broadcasted messageeHieis aware of the cell
identity. The information is then converted to geqnic position by using the

coordinates of the BS stored in the network opesatatabase.

Cell-ID is a common and the most basic positionmegthod used in GSM
networks and often, it is the first positioning m@d used to offer LBS. The
position of the MS is estimated in relation to $esrving BS coordinates as
shown in Figure 3.1. It requires no major hardwapgrades, minor software
upgrades, is relatively cheaper to deploy andébbrtology is supported by all
MSs (legacy and new handsets and also roaming réods) [64, 65].

Coverage
area

Serving BS

Figure 3.1: Cell-ID positioning
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Cell-ID works well in all areas with signal coveeawhich includes indoors
and it provides a low cost, plug and play and etsydeploy location
information solution [66, 53].

3.2.2 TA Positioning
GSM networks have no dedicated pilot signals frofs Bor positioning instead they

have time slots and TDMA frames serves as timingsuements. TA measurement

is often not used by itself to position a MS. Isiats other positioning methods and

often used as a fall-back procedure [7].

a.

TA measurement model

TA parameter gives a rough estimate of the distéoeteeen a BS and a MS,
which is very useful for positioning. TA informatioensures that the MS
furthest from the BS send its burst earlier ansl titvice the propagation delay
(PD = 2TA). The burst therefore always arrive a 8S within the correct

timeslot. TA parameter is transmitted as a six4#itmber as mentioned
previously in Chapter 2.2.3(d), page 21 provididgtiBning advance steps; it
can be any value between 0 and 63. Step 0 meahnA takes place. Each step
corresponds to a period of one bit which is 3.68pd therefore the maximum
TA will correspond to 63 bit periods (3 x 3.694863 bit periods). The GSM is

designed for cell radii of up to 35 km and each Sté@p corresponds to 553.46
m (35 km / 63< 553.46 m).

TA is calculated at the serving BS during the M&slicated or busy mode. To
obtain TA information from a MS when in idle modlee MSC has to establish
a dedicated connection unnoticeable to the user §3}. It is therefore not
possible to get TA from other neighbouring BSs excthrough forced
handover.

The distance (d) between a MS and a BS can beibeddry Equation 3.1 and
shown in Figure 3.2 [67]:
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553.46mx [TA - (1/,)] <d < 55346 m x [TA+ ((1) / (2))] .31

when 0 < TA < 64
0<d<?225mwhenTA=0

<

v 553.46m
—»>

Serving

BS

Figure 3.2: Theouter and inner rings within which the MS should be located

b.

TA-based position estimation
There are many methods of estimating a MS locat&ng TA information and
some of these are discussed below. The first thmethods were presented by

Simic and Pejovic [68].

i. Themethod of squares

This method uses squares to estimate the likeliomegf a MS’s position.
Assuming that the coordinates of theBS are kssi ,yssi]' , coordinates of the
MS are fus ,yus]” and the TA parameter resolution quantum isA 553.46

m, the idea proposed is defined by Equations 3.8.-

Defining some parameters, let

Xi(min) = XBSi — (TAj+ 1) X TAstep
Xi(max) = XBsi T (TA;j+ 1) X TAstep
Yi(min) = ¥YBsi — (TA; + 1) X TAstep 3.2

Yi(max) = ¥Bsi T (TA;j+ 1) X TAstep
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The square region in which the annulus is contagaedthen be defined as;

Xi(min) = XMs = Xj(max)

Yi(min) S yms = Yi(max) 3.3

Assuming uniform probability density function withthe rectangular region,

the expectation of the random variable (MS coor@inean be obtained as;

XEMS = 1/2 (Xmin + Xmax)

.. 3.4
YEMS = 1/2 (Ymin + Ymax)
Error of the localization process is defined by &ipn 3.5.
e= (Xems—xms)? + (VEms—Yus)? 35

Ii. The method of circles

Assumes that the TA parameter is assigned accotditige round trip time of
the signal the MS must be located within a circuégion around the BS. The
MS is located within the radius of two circles defil by the propagation
distance for the signal. The indirect wave propagagffect is greatly reduced

in circular annuli method as compared to the anmelihod.

The indirect wave propagation effect is greatlyuest in square annuli method
as compared to the annuli method.

When 0 < TA < 64:

553.46m X [TA — (1/2)] < d < 553.46m X [TA + (1/2)] 36

And when TA =0:

0<d<225m 3.7
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. Themethod of Annuli

The method of annuli further reduces the probalde af MS localization and
it makes the circular annuli and square annuli wetmore precise. It involves
changing the rectangular region or circular regspecified by Equation 3.8
into grid form of nx X ny elements. Let us assume that = Ay. The grid

elements are defined by:

Ny = int ((Xmax — Xmin)/Ax) + 1

ny = int ((Ymax — Ymin)/Ay) + 1 - 3.8

Representing the grid elements by their centretpdm order to determine
their distances:
Xp = Xmin T (p — (1/2))Ax

Ve = Ymin + (r — (1/2))Ax 3.9
Forp=1,2..pandforr=1,2... yrespectively.

Matrix A is an i X n, containing flags indicating if a MS is locatedtire grid

element or not. Distance between the BS and agigident is given by:

2
dp,r,i = \[(Xp_XBSi) + (Yr_YBSi)Z ... 3.10

If dpri <TA X TAgep ordy i > (TA + 1) X TAgep, the corresponding elements

in the matrix A is set to zero.

Trilateration using TA
Time of Arrival (TOA) can be estimated from the TiAformation even
though the BSs might not be synchronized. The MBhbealocated even more

accurately by using TA to at least three BSs asvahn Figure 3.3.

Ideally, only the serving cell can measure TA. Tbain TA information from
the neighbour BSs when the MS is in idle mode there to be a “forced

handover”. This is the establishment of a dedicateuhection between the
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MS and the neighbour BSs unnoticeable to the sildescf69, 70]. The
network forces the MS to make a handover attengh fthe serving BS to
two or more neighbour BSs. The neighbour BS theasmes the TA and

rejects the handover request [70].

553.46m

Figure 3.3: Positioning using TA information in a basic trilateration scheme

The retrieved TA information from three BS can thenused in a trilateration
scheme to calculate the position of the MS. EachsBSed as two circle centre
with the inner and outer radius of the TA. With etar BS, there is an
intersection of the circles as shown in Figure &8 the possible location of

the MS can be estimated with improved accuracy 769,

3.2.3 RSS-based Positioning

A basic MS has the capacity to receive signal gtiefrom six BSs and the capacity
to measure the strength of individual signal reegivRSS measured is directly
proportional to distance between a MS and BS ausl plositioning can be carried out
using RSS. An RSS-based positioning techniqueladively less complex and cost
effective as the RSS measurements are readilyad@iin GSM systems. It is a

general positioning method which can be appliedrtp MS. It does not rely on the
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assumption of LOS propagation and turns the muhipdenomenon to surprisingly

good use [41].

a.

RSS measurements

RSS is a signal parameter in that the power orggnef a signal travelling
between a BS and a MS contains information relttethe distance between
them. There is a mathematical relationship betwherRSS and the path loss
model to estimate the distance [71, 72]. It is as=lithat an error free case is
considered where a reliable NLOS detection algorithad been used to
eliminate measurement with large errors [71]. Agerg of the RSS over a
sufficiently long interval to eliminate the effeaté shadowing and multipath

fading is also assumed [72].

Consider two dimensional positioning where the togation of the MS =xus
,yms] " and the coordinates of tHRBS = [esi ,Yes] ', i = 1,2 ...,n. Wheren is
the total number of receiving BSs with adequatesixec signal level quality
between 29 dBm and -114 dBm according to GSM sigatibns [71].

The distance between the MS alidBiS, denoted by;is given by

di = v (xms — Xpsi)? + (Yms — VBsi)? ..3.11

where i = 1, 2...n, number of hearable transmitters

RSS-based position estimation

RSS-based location estimation methods are cladsifto statistical and
geometric techniques as shown in Figure 3.4. Thendo approach uses
probabilistic information and it is better appliéal over-determined systems
with little or no measurement error [51, 73]. Thter relies on deterministic
information and geometric interpretations of measwent which are then used
to estimate a MS’s position. This approach alseg& better result when there

are no measurement errors [51].

56



This research investigates only the geometric nusthaf position estimation

because most measurements expected have errorhagdate not over-

determined. The geometric techniques are furtherdell into two - the

empirical method and propagation model-based mefhiod former technique
is based on digital maps of a specific area ansl rdmjuires extensive on-site
measurements and calibrations. The latter technidiliees the relationship

between RSS and distance.

RSS-based Positioning Method

|
v v

Geometric Methods Statistical Methods

|
v v

Empirical Methods Propagation Model-
based Methoc

12}

Figure 3.4: Types of RSS-based positioning methods

i. Empirical method
The empirical method also known as “fingerprintin@gdpears in literature
under many names such as: “database correlatig@tiern matching” and
“map-based”. The fingerprinting method is basedhmassumption that there
is a one-to-one mapping between RSS measuremenhta apecific location
[74, 75]. This method consists of two phases; ingiand positioning.

The training phase is carried out by fingerprirtefing and fingerprint
matching. It involves the building of the fingemuri database by using
measurements of RSS from specified points. From rieasurements,
characteristics features of the reference poigriol point are determined and
recorded in a database. Building the fingerpratatase or the training phase

is comparatively simple though labour intensive.asl@ements are collected
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from the interested coverage area using a gridesphabout 50m. The signal
information samples are stored in the databaseaa@dcalled fingerprints.
Another alternative is to use standard commeradtvark planning tools to

artificially generate the desired mapping [74, 76].

The positioning phase is carried out by fingerpmmatching and location
estimation algorithms. The former matches the digntormation of the

request fingerprint received by the MS to the mfiee signal stored in the
database. This mapping is passed to the fingematthing algorithm which

estimates the location of the MS [41].

ii.Signal propagation model-based method
The RSS method also makes use of a propagationlgsgshmodel which
relates the RSS measurement for each BS at a M$anélative position of
the transmitting and receiving elements with disgan77, 78]. RSS
measurements from different BSs measured at thatM8rresponding times
can be used to obtain the distance and the spettek IS of interest which

can then be used to calculate the position of tBe[T8)].

This approach employs RSS from a serving BS ankbast two or more
strong neighbour BSs measured and converted tandes$ by using basic
propagation models. The position of the MS is tletermined using standard
geometric techniques [76]. The signal received athar the level of
attenuation of the signal is directly proportionalthe distance between the
BS from which the signal is transmitted and the MSnterest. Attenuation
levels or the propagation path losses from mult&are modelled through

basic propagation models which best suit the enuilent of interest [62, 76].

This research narrows down further to investigagead propagation model-
based techniques rather than empirical technigbespirical methods are
expensive because they require extensive measutgnaelot of man-power

hours, professional expertise and scheduled upgatinthe database. In a
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developing continent, infrastructures are builtan demolished frequently
therefore scheduled up-dates are more frequenif éinely are not carried out

as often as necessary the out-dated database ®eemenaccurate.

Four methods based on signal propagation modelsnaestigated in this

thesis and used for major analyses carried outs Ehibecause one of the
major factors to be studied is the effect of geoyniet predicting the accuracy
of the positioning algorithm. For this study, theokn distances of three or
more BSs to the MS are utilized for position estioraand the feasibility of

incorporating the geometry in predicting the accuraf position estimates
investigated [56].

Geometric RSS-based position estimation

The flow of RSS measurement interpretation and tiocaestimation using
geometric methods is presented in Figure 3.5. Téemgtrical techniques
considered are Centre of Gravity (COG), Centre ofaferation (COT),
Trilateration (TRI) and Least Squares (LS). It dddoe noted that these basic
methods were chosen to investigate the feasibibfy improving the
predictability of geometrical positioning methodshe same methods of

investigation can be applied to more sophisticaretlcomplex algorithms.

RSS Geometric
Measurement :> Interpretatiol

Position
Estimation Algorithm

Mobile Station
Location

Figure 3.5: Geometric approach to location estimation
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i. Centre of Gravity (COG)
Zhou et al in 2003 [73, 80] proposed the algori@®G to locate the position
of a MS as the weighted mean of the locations ef gbrving BS and the
neighboring BSs. The COG assumes that the reldtemmween RSS and
distance between a MS and a BS is based on arsengguare law and also
considered interference and distortion introduced buildings. The
relationship was aR o« d™%, wherea is an environmental factor, R is the

received signal strength and d is the distancedsstva MS and a BS.

Considering that the MS can receive adequate R&&8 fir BSs the COG
approach defined the location estimation formul§8a§

Xms = (X1 RT* + X,RZ* + x3R3% + - + x5 R7 ) /(RT* + R3“ 4+ R3% + -+ R7%)
yms = (V1RT + y2RZ* + y3R3% + - + iR ) /(RT® + R3* + R3* + - + R %)
.. 3.12

where [%s, yws]' is the estimated location of the MSy,[y1]", [X2, ¥l ...,
[xi, yi]" are the locations af serving BSs. The neighbouring BSs; R;, ...,
R; are corresponding RSS received by the MS for gacismitting BS.

It was proved that the COG approach has an ouistgnuerformance in
urban areas because of the proximity of a MS tdBis. However, the COG
method can only estimate a mobile device insidectirevex hull of the BS
involved because it is the weighted mean of the BE&ations [80]. It has a
restrictive coverage area determined by the polygyea formed by the outer
positions of the BSs regardless of the positiom &S inside or outside the

convex hull.

ii.Circular Trilateration (COT)
Zhou et al also proposed the COT approach whicaiceomplished by the
construction of three circles with the RSS parametad the known

coordinates of the transmitting BSs. The intersectdf circles is used to
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estimate the location of the MS. It assumes that distance relationship
between a MS and a BS and the RSS is based orvarsensquare law that
is(N +R)"* « d wherea is an environmental factor, N is the normalization
constant, R is the received signal strength ansl tthe distance between the
MS and the BSs. By using this relationship, thrieeles can be constructed
using the COT approach [73, 80]:

(xMms — X1)2 + (yms — Y1)2 = (kZ/Rg(>
(Xms — X2)% + (Yms —¥2)* = (kz/Rg> ... 3.13

(xms — X3)* + (Yms —¥3)? = (kz/R%>
Where, R, R, and R are the received signal strength from three (3)
transmitting BSs with the geographic locationgsat y1]7, [x2, y2]T and [x3,
y3]T respectively, where k is the common scaling facidre MS is then
estimated as the intersection point of the threeles. COT is not highly
reliable because it does not always provide eséismbécause of signal fading
introduced by the wireless environment. COT elirtesathe convex hull

problem which was evident with COG.

Trilateration (TRI)

Assumes availability of three or more BSs which & 6&n communicate with
and receive an acceptable level of signal streng@onsidering that the
unknown true position of the MS Hews, yms]T and the BSs with known
coordinates[x;, yi|T, for i = 1,2, ..n, wheren is the number of BSs under

consideration.

Given the distance measurement of each BS to tevieg MS, the BS is
located at the centre of the distance radius amed MI$ can be located
somewhere on the circle. In most cases, two cinsféiscross at two points

producing two solutions. A third circle produced the third base station
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normally resolves the ambiguity of the solutionb® adopted as shown in
Figure 3.6.

Suppose there are three BSs with known locatigngi]T, 1 <i <3, and the
unknown location of the target is denotgdss, yms]T [81]. The distance

measured from the MS to BiS defined as;

d=d+g ,i=123 3.14

Area with
highest
likelihood of
MS location

Figure 3.6: Two dimensional positioning using range based measurements

Whereg; is the distance measurement error and

d; = \/(XMS — Xgsi)? + (Yms — YBsi)? ...3.15

When there are three unknown location parametédrgy uke three distance
measuremenis,, d,, d; from three BSs and their known locations, the
unknown location parametef&ys, ms1T representing the calculated MS
position can be determined using trilateration.

Fori=1,2

~ . ~2 a2
Jus = —(2 —x1/y2 —y)Rus + (4 —d +x3+y3— (& +y2)/2(y, — 1))
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Fori=2,3

.. 3.16

. . ~“2 a2
Ims = —(Xz — X3/y2 — y3)%ms + (d3 —-d; + X% + Y% - (Xg +Y§ )/2(}’2 _Ys))

Defining some parameters:
G1=x{ +yf — xF +yi)
Xi,j =Xj— Xj
Yij = Yi 7Y
Where g, and s3is given as:
si2 = 1/2 [(&" = 3,°) + &4
s13=1/2 [(4" = d,°) + &,4]
Equations 3.16 and 3.17 can be rearranged to get:

YMms = (X3,151,2 - X2,151,3/X3,1YZ,1 - X2,1Y3,1)

XMs = (Y2,151,3 - Y3,151,2/X3,1Y2,1 - X2,1Y3,1)

Reliability of producing a unique estimate is degemt on the fact that the
MS and the BSs under consideration should notrlia istraight line. The
coverage area is also dependent on the geomethed8Ss and position of
the MS. The accuracy of this method is highly dejee on the propagation
path loss model used because of environment spedifallenges of the
wireless environment. This method is highly apgileato both developing

and developed countries.

Linearization based Least Square method (LS)

This is an extension of the trilateration method &ns applicable when the

. 3.17

.. 3.18

.. 3.19

.. 3.20

.. 3.21

.. 3.22

.. 3.23

.. 3.24

number of independent equations is greater thanntmber of unknown
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parameters i.e. when there are measurements fram tman three BSs. The

LS method can be applied to optimize the redundadsurements to obtain

improved location estimates [81].

Consider a network in which there areBSs whose coordinates are known
[Xssi, Yes]', i = 1,2...n and the coordinates of the MS are denoted ky, [x

yws]. When a distance measurement is made to the BSe tare n

measurement equations:

ai= dl+ §j ,i=1,2,...n ... 3.25

Whereg; is the distance measurement error and the distaetweeen the MS
and " BS is:

di = /(xms — %)% + (yms = ¥i)? 326
A new equation was introduced to linearise the adis® measurement

equations. Squaring both sides of the equationyoes

(ai - Si)2 = \/(XMS = x)? + (Yms — yi)?

~ 2 .. 3.27
(xms” + yms?) — 2xmsxi + 2ymsyi) = (di — &) — & +yf)

By defining parameters P andd®;

P= xus? + yms? ..3.28

P = {/xi? +y;? ...3.29
Equation 3.27 becomes
P2 — (2xysx; + 2ywsyp) = di — B? + &2 — 2d;e; - 330
Equation 3.30 can be written in compact form as
h=GO0+N .. 3.31

Where,
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.. 3.32
[af - Pf]
~ 2
h=|d2 —P22| ..3.33
la,* - p2l
—2X1 —2y1 1
G= |22 ~2 1 ..3.34
_an _ZYn 1
N = 812 — 2a1 €1 522 - 2a2£2 Snz - Zansn 3.35
The least squares solution of Equation 3.27 isrgiwe
8=G"'h 3.36

3.2.4 Hybrid Positioning

This is a combination of two or all of Cell-ID, TAnd RSS measurements for
positioning. It can be in the form of Cell-ID and\TCell-ID and RSS and Cell-ID,
TA and RSS as shown in Figures 3.7 - 3.10.

3.3 EVALUATION OF CELL-ID, TAAND RSS-BASED NETWORK-BAS ED
POSITIONING TECHNIQUES

3.3.1 Evaluation criteria

Four criteria are used to impartially evaluate aothpare Cell-ID, TA and RSS-
based network-based positioning methods to furdissess their usability in Africa.
The criteria to be used are as defined by [82]taeg are coverage area, accuracy in

positioning, reliability and applicability.

a. Coverage area
The coverage area and capacity for running LBS Ishba large enough to

handle user demands. The coverage area is a paraimet had been estimated
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before positioning starts to eliminate non-avaligbiof the LBS to certain

users or certain areas.

Accurate Positioning

Accuracy is defined by how close the actual logataf a MS is to the
estimated location. The accuracy needed for pogitgpshould be dependent
on the LBS required. Some services require verli higeuracy e.g. emergency
positioning, while some require relatively low araty e.g. a location based

advertisement.

Reliability

Reliability is the ratio of accurate and reliablesftioning attempts out of all

attempts made. It is an important criterion becqgsstioning methods should
give high reliability, especially when used for egencies and asset tracking

service.

Applicability

The ability to apply a proposed technology is ayvenportant evaluation
criterion of positioning methods which had not beensidered adequately in
relation to developing countries. The physical tations and requirements
associated with the successful implementation ofitipming methods in
developing countries are mainly network dependeamd/the amount users can

afford to spend on such services.

3.3.2 Critical Evaluation of Cell-ID Positioning

a.

Coverage area

Cell-ID has a wide coverage area both indoors artdomrs and it is defined by
the size of the mobile network a MS is subscribed It requires minor
hardware and software upgrades, relatively chetpdeploy and available to
all MSs [65]
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Accurate Positioning

Cell-ID can be very inaccurate where BSs is sparspbced or when the
serving BS has a large coverage area. Firstly,atmuracy of Cell-ID is
relatively unpredictable and can be anywhere withancoverage radius of the
BS which can be from a few meters to kilometresisIdifficult to render
accurate services. Secondly, it requires knowlenfgine location of the base
stations and deployment by a third party softwaeoines problematic because
the mobile network operator is in full control dietservices and no access can

be granted without permission [66]

Cell-ID also works under the assumption that a Bl&Iways connected to the
nearest BS and the serving BS’s coordinates is tsedtimate the location of
a MS. This might not always be correct due to mieyors such as multipath,

number of users in the area, antenna sensitivitgtetra [83]

Accuracy ranges from about 100 m to a couple ahkétres depending on the
characteristics of the area covered by the mobdevork, size of the cell
(macrocell, microcell, picocell or nanocell), typé cell (omnidirectional or
sectored) and some other factors. The accuracheap to 250 m for an urban
area as shown in Table 3.1 and about 35 km in anesls where there are larger
distances between a MS and the serving BS [64].réasurement only puts

the user within a coverage area.

Table 3.1: Accuracy of Cell-1D positioning [64]

Rural Suburban Urban Indoor
Accuracy 1 km - 35 km 1 km -10 km 500 m-5kmfor 10 m—-50m
Typically 15 km Typically 5 km  macrocells for pico
50 m - 500 m for cells
microcells

The accuracy of Cell-ID technique improves withtegzed BSs also known
as enhanced Cell-ID. A sectored cell uses sevesal &-located at a single
site with each antenna covering only an area of th2080 degrees. A three

antenna cell for example gives sector coverage26f degree by each cell.
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Cell-ID positioning is shown in Figure 3.7. To leea MS in a sector cell, the
antenna azimuth and the size of the cell are takem consideration and
mathematical algorithms are used to calculate tif® pésition [53]. The
accuracy will thus bet 60 degree unlike if the MS is registered with an

omnidirectional cell. [65].

Sector cell

Coverage
area

Figure 3.7: Enhanced Cell-I D positioning

c. Reliability
Cell-ID positioning is very reliable because thehil® network is always on
and a MS once subscribed and turned on connecthetonetwork. The
reliability of positioning reduces with an increasenetwork. When the traffic
to the closest cell is high, a MS tend to conneith \any other cell it can

receive adequate signal from.
3.3.3 Critical Evaluation of TA-based Positioning

a. Coverage area
The coverage area is defined by the size of theileoietwork a MS is

subscribed it has coverage both indoors and ousdoor
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Accurate Positioning

TA information has a coverage radius of about 5&3.4form of a doughnut

ring) and the accuracy of TA positioning is dirggiroportional to this. The

TA information is estimated from the signal strénbetween a MS at a BS and
it is therefore also dependent on multipath andegropagation channel

challenges.

Reliability
TA-based positioning is very reliable and is simtla that obtainable for Cell-

ID positioning.

Applicability

TA-based positioning is very applicable for all GSietworks tbut for

trilateration using TA a forced handover is neeftegractical implementation.
Forced handover comes with its own challengestl¥insore traffic is used up
for positioning which might have been availableotber users and this is an
issue not justified by the field trial objectiveg0]. Secondly, extra software
modifications are carried out at the BS. Thirdlg, communication can take

place while the MS is being located.

3.3.4 Critical Evaluation of RSS-based Positioning

a.

Coverage area

The coverage area of the RSS-based propagationl neati@ique is dependent
on the ability of a MS to receive adequate sigfrais three or more BSs. The
coverage area of the fingerprinting technique iBndd by the size and the

coverage of the fingerprint database.

Accurate Positioning
The accuracy of location estimation using RSS-bagempagation model
technique is directly dependent on the suitabiitythe propagation model to

the particular environment to which it is appliedilhe use of generic
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propagation models will result in inaccurate distarcalculation which will

increase the inaccuracy of the location technigdewever, the use of a
propagation model which best fits the environmeatdmes inaccurate with
time because of changes in the propagation envieahnThe best propagation
model applied to a specific environment in one thatynamically derived and

can be arrived at with as little measurement afatmation as possible [43].

Fingerprinting technology is the most accurateh&f RSS-based methods. Its
accuracy is however dependent on the precisionhef fingerprint data
collected. The finer the grid space the bettemtlag@ping and the accuracy that
is obtained from the mapping [74]. It is therefeery important to adapt the
grid to be used to the need of the environment @oed and typically, the
intervals are often selected in order of tens ofemse The measurement from
each grid should represent the signal propagatrofilg of a small area for
better accuracy [15, 74].

Reliability

RSS-based propagation model technique is also geitgble and gives an

estimate of a MS location provided there are meamsants from three or more
BSs. Possibility of obtaining estimation also reskigvhen the BSs considered
are all on a straight line. The fingerprinting nehs more reliable and always

gives an estimate of the location.

Applicability

Propagation and statistical RSS-based models aree napplicable in
developing countries because a best fit propagatiote! is cheaper to develop
and less man-power intensive. However, in ruraasuthe ability for a MS to

receive radio signal from three or more BSs isaydifficult.

The major disadvantages of fingerprinting techngjaee that they are labour
intensive and implementation is demanding. Extemsiand accurate

measurement is required for the creation of thaldete which needs to be
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updated with time due to varying propagation charéstics of the wireless
environment [15]. The fingerprinting method israBable as the order/size of
the grid space and the age of the fingerprintintaluese, due to constant
changes in the wireless environment. The destmatioerection of a single
structure can greatly affect the accuracy of timgdrprinting database which
will in turn affect the accuracy of positioning thle MS. It is a good method for
both mobile and stationary users but gives betteuracy for stationary users.
It is highly applicable in developed countries whenost of the structures are
developed and there is sophisticated equipment pate the fingerprint
database. For developing countries, however, nbtshighly applicable due to
new developments taking place frequently and ldckdequate equipment and

man power to update the database when required.

3.3.5 Critical Evaluation of Hybrid Positioning

Accuracy can also be improved using Cell-ID in combon with other network-
based location measurements such as TA and RSSe Tirevide an attractive
alternative as they utilize only network informatiand require minimal hardware
and software installations at the BSs. This is athgeous in terms of cost, coverage
and accuracy [84] .

a. Cell-IDand TA
The cell within which a MS is located is first conied then its accuracy
further increased to a distance or space of 553.W6tween the two rings
formed by the TA. For a sectorized antenna, the lasation is defined by a

fraction of “doughnut” shaped curve as shown inuFeg3.8.

The accuracy of this method depends largely oratisggned TA value whose
accuracy is dependent on the wireless environnmewhich the MS is located.
The TA parameter from a single BS, multiple BSs pusd a single BS and the
Cell-ID applied to MS location estimation evaluatiagainst said criteria is

discussed in Table 3.2.
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Area with
highest
likelihood of
MS location

Figure 3.8: Cell-1D with TA positioning
Table 3.2: Cdl-ID + TA methods with some evaluation criteria
Timing Advance + Cell-ID

TA from single BS TA from multiple BSs TA + Cell-ID
. Coverage area is dependent on
Coverage area is as .
Coverage . the number of BSs TA Coverage area is as large as
large as the mobile . . . .
Area information can be received the mobile network
network
from.
Indirect wave
Ko ropagation effect is . . This technique overcomes
b propag . It has a higher accuracy in 9 .
= greatly reduced in . . some of the major flaws
= Accuracy . comparison with only the use . .
) square annuli method . inherent in Cell- ID only.
c of conventional TA methods. .
S as compared to the Better in suburban areas.
S annuli method.
[ Provides the easiest  The disadvantage of this Highly applicable in
w computation of the MS method is that forced developing countries. Has
coordinate limits. handover is needed for an impressive trade-off
Applicability  Applicable in practical implementation. between increased precision
developed and More applicable in developed and implementation costs
developing countries  and not applicable in therefore highly applicable
developing countries. in developing countries.

b. Cell-ID + RSS
The RSS from three or more BSs and Cell-ID from $eeving BS are the
measurements applied for MS positioning. This iswsh in Figure 3.9 and

evaluation against said criteria is discussed i&38.3.
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Area with
highest
likelihood
of MS

Figure 3.9: Cell-1D with RSS-based positioning

Table 3.3: Cdll-ID + RSS methods with some evaluation criteria

RSS + Cell-ID

RSS RSS + Cell-ID

Coverage area is dependent on the number

Coverage  Coverage area is as large as the mob|leOf BSs RSS information can be received
Area network i
from and coverage area of the serving BS.
8 High dependence of RSS-based methodncreases with the number of BS used and
% Reliability on highly variable factors makes it not statistical estimation gives better reliability
g very reliable. than geometric estimation.
= Accuracy of the RSS-based method is
5 AcCUrac highly dependent on the network densityAccuracy increases with the number on
L%s Y the propagation conditions and th&SS measurements
geometry of the network
N Applicable in developed and developingApplicable in developed and developin
Applicability copLE)r:tries | o P gcgl?r:tries | o Rk
c. Cell-ID + RSS +TA

Figure 3.10 shows graphically how Cell-ID +RSS +PpAsition estimation is
carried out while Table 3.4 discusses the evalnatigainst aforementioned
criteria - when RSS from three or more BSs, TA &edl-ID from the serving BS

parameters are used for MS location estimation.
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Figure 3.10: Cdll-1D, TA with RSS-based positioning

Table 3.4: Cdll-ID. TA + RSS methods with some evaluation criteria

Received Signal Strength + Timing Advance + Cell-ID
Coverage Area The coverage area is as large as the mobile network
This is more reliable because it combines the gtpmints of all

Reliability the parameters available and it always gives atilmt estimate
5 Accuracy scales according to the cell size, netvdenksity, the
"5 o Accuracy propagation conditions and the geometry of the akwGives
Tg g better accuracy in densely populated area withlsmezlls.
w o Applicability Applicable in developed and developing countries.

3.3.6 Conclusion on Critical Evaluation of CELL-ID, TA and RSS-based
Network-Based Positioning Techniques

Four criteria were used to compare Cell-ID, TA &6S network-based positioning

methods. Based on these criteria, it can be coedlubat the techniques all have

similar coverage areas and their accuracy is degrgnoh various factors. Cell-ID

accuracy depends more on the cell size, TA on istartte between the MS and BS

and also environmental interferences while RSS midpenore on environmental

interferences.
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Cell-ID and TA are more reliable than RSS and theg an estimate once the MS is
connected to a BS whereas RSS requires the MS tmiieected adequately to at
least 3 BSs. It might not be possible to have gomuhections to at least 3 BSs in
some remote/rural areas where there are mainlyavaals and they are placed far in

between.

All positioning methods considered are applicabie Africa wherever there is
network coverage, though Cell-ID and TA techniquaght be more applicable in
some remote/rural areas. A hybrid of these teclasiquill definitely provide for a

more accurate and applicable service.

3.4 CONTEXT IN POSITIONING TECHNIQUES

Context-aware positioning makes position fix avalgato location services based on
the characteristics of parameters used for posigprlrhe information that can be
used to characterize the situation of the posiigndevices includes the user’s
environment, the time of day, mobility of the usgpe of LBS request, positioning
technology and geometry of BSs. Some of these ctarstics were investigated in

literature and are stated here.

3.4.1 Error-Aware Positioning

It has been previously established that there aeyntypes of error introduced to

network-based positioning (Chapter Two, Section.X.page 40). Error-aware

positioning takes into consideration the error thmaght be introduced during MS

location estimation by error parameters. Errorsoshiced are mainly dependent on
the wireless environment where the positioningdsied out, the geometry of the
BSs used for positioning and computational and oreasent error introduced. The

error introduces is variable and dynamically chaggand no previous work has been

carried out on error-aware positioning.

75



3.4.2 Adaptive Positioning

Filjar et al proposed [14] the adaptive selectidrpositioning sensors based on a
group of position estimation algorithms and somepeeters such as user profile and
service profile. This proposed method makes theatipngg algorithm aware of the
user preference and service profile which is intieaof the amount the user is able
and willing to pay for the service. There are threwjor concepts under

consideration:

0 User profile,
o LBS profile, and

o Two or more positioning algorithms.

Unfortunately, in Africa, the basic service proffler LBS is what most users will
prefer due to the price. From the analyses of measent data collected and
investigations carried out and presented in thep@hna Five and Six of this thesis,
the positioning technique used by most mobile ndtwoperators in Africa is

enhanced Cell-ID and Cell-ID. There is thereforer¢his not much opportunity for

adaptive positioning as previously envisaged ab#ggnning of this research.

3.4.3 Computation and Measurement
A model cannot usually be developed for computatom error measurement.
Instead these are estimated and mitigated agasiisy wuning and other software

methods before positioning. Three major conceg®oamMmportant consideration:

o Computational error,
0 Measurement error, and

o Positioning algorithm.

3.4.4 Wireless Environment-Aware Positioning
Turkyilmaz et al. [38] proposed an environment-avd®SS-based positioning
algorithm based on the relationship between th@nagbpagation characteristics and

environment. Data was collected from various lagai at Istanbul. An artificial
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neural network was then developed to identify theirenment characteristics of the
site where the MS is so that the most suitable mélamodel is used for position

estimation. A 10.75 percent improvement in erros wecorded.

This method is labour intensive and will requirehieical professionals collecting
data for every environment that has to be coveledtead of this method,
Fingerprinting is a better option. Fingerprintinges similar methods to build the
database and gives a better network-based posigjatcuracy. Some other factors
that affect RSS-based positioning such as the gepnw the BSs used for

positioning, was not investigated. Two major cotgexere considered:

0 The environment where measurement data is colléatgubsitioning, and

0 The positioning algorithm.

3.4.5 Geometry-Aware Positioning

The geometry of the network is an important metvitich should be considered
when position estimation is carried out using measents from three or more BSs.
Geometric dilution of precision (GDOP) is a metidich describes the effect
geometry has on the relationship between measuteensr and resultant position
error [85, 86]. GDOP is defined in [87] as “theioadf the accuracy of a position fix

to the statistical accuracy of the ranging measaresg’.
The geometry-aware positioning method can be asktedal on two major contexts:

o Geometry of the BSs where measurement data isctedle

o Positioning algorithm that needs two or more BS9fusitioning.

Figure 3.11 (a and b) shows a change in the BS gegrwhere the MS’s location is
constant while Figure 3.11 (c and d) shows the sB&& geometry but a change in

the position of the MS.
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3.4.6 Hybrid Positioning

When the three measurements aforementioned aretogether for positioning, a
better accuracy is obtained for the MS’s locatiant &ll three cannot be used for
positioning in all situations. For example usingRMeasurements in urban areas
will introduce a large error in positioning measuents and using cell-ID in an area
with macro cells will also hamper accuracy. The ritjlmethod therefore becomes
very useful [14]. When using a hybrid method, thesifioning algorithms
complement each other and provide a better posi@stimation. This method

considered two major contexts:

0 Measurement data collected for different positigralgorithm, and

o Two or more positioning algorithms.

Figure 3.11 Different network geometries
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3.5 CONCLUSION

Three basic network-based positioning techniques ba employed with no
modification required to the MS and minimal modifion to the mobile network.
The Cell-ID, TA and RSS based positioning metho@seweviewed and a critical

evaluation of each one of them presented.

There are many sources of error encountered dunietgvork-based position
estimation - measurement error mitigation, envirentraware mitigation method,
multipath and others appear in published literaté@aptive positioning was also
investigated on by [14] to reduce positioning elsgrmaking the position algorithm
aware of user preference. However, there has rest pablished work on geometry-

aware RSS-based positioning.

The next chapter presents the research questramsidrom the review carried out

and the methods utilized to answer the questions.
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CHAPTER FOUR

4 RESEARCH QUESTIONS

4.1 INTRODUCTION
This chapter presents motivation for this researebearch questions, methodology

and the contribution of this research to knowledge.

4.2 RESEARCH MOTIVATION

This research is motivated by the fact that mosilbscribers in Africa need all the
services the mobile phone coverage has and whemtibile network operators can
offer. As previously stated, mobile communicatiermore accessible than electricity
to the people in Africa and hence needs to be aptin for technological
advancement. LBS are services that can be offangledmobile network which can

make a huge difference in the lives of Africans.

To use LBS it has to be dependable, accurate diathleeto be used effectively. This

research is also motivated by the need of the &fricontinent for accurate LBS that
are adapted to its needs. Such LBS has to be netvesed and accessible to all MSs
(legacy and modern) and supported on the GSM mabiieork.

This research focuses on improving the accuraci{tBf provided, by making it
geometry - aware and bearing in mind that netwaeld positioning technique is

highly dependent on the dynamically varying eraurses,.

4.3 RESEARCH QUESTIONS

The purpose of this research is to study LBS iricAfand investigate the feasibility
of improving the accuracy of network-based positestimation of an MS by using

geometry-aware models for the dynamically varyingresources. This may ensure
the provision of dependable and reliable LBS to Mkers in Africa. Before the

research question is stated, an explanation of s@y&ords is provided.
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Error-aware positioning

The accuracy of LBS is dependent on accuracy deggagror sources which
might be reduced by defining error models for thsifooning methods [6, 15].
The error model can be used to predict a relatinedye accurate positioning of
a MS based on the particular wireless geometryeamvironment. Error-aware
positioning also takes into consideration the etf@t might be introduced

during measurement and computation.

Geometry-aware positioning

Geometry in this thesis is used in the contextraefiby [88], which states that
“Geometry is the study of figures in a space ofveery number of dimensions
and of a given type”. Geometry-aware positioningetainto consideration the
geometry of the BSs in the mobile network usedpositioning and also the
location of the MS relative to the BSs under coesation. Geometry-aware
positioning is an important consideration when rmeasents from more than

one BS are used to estimate the location of the MS.

Dependable LBS

LBS assist users to perform location-based taslexample a request made for
the nearest hospital. The user is dependent oQu%: offered by the LBS to

effectively utilize location information provided make an informed decision
[16].

Reliable LBS
An LBS user gets reliable service when the molautation provider is able to

provide location information in response to an Lig§uest.

Accurate LBS

The importance of accuracy has previously beingagxgd in Chapter One
Section 1.3.1 and page 4. A failure in the accuche location information
also translates to a failure in the decision maaged on the LBS information

provided. As the LBS user will not be able to depemn the location
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information provided for an informed decision. Thterates the importance

of good service delivery to LBS users [16].

There are many error sources and considering #flerh is beyond the scope of
a single thesis. This research work will therefomé/ be considering geometry-

aware positioning applied to geometric RSS-basettipning methods.

There are two questions to be answered by thissthes these are:
1. What is the status of LBS in Africa?

2. Is it possible to provide dependable, reliabiel aaccurate LBS in Africa by

making network-based positioning techniques gegraatrare?
These two questions further broken down into thieong sub-questions:

I. What is the status of LBS in Africa?

ii. To what measurable extent are the LBS in Africaedelable, reliable and
accurate and how can they be improved?

iii.  What are the major sources of error in network-8gsesitioning technology?

iv. How will the parameters be harmonised and a modetldped to make the
positioning algorithm geometry-aware? Will locatiestimation be carried out
with adequate considerations given to the geonuéttiye mobile network?

v. Is the model feasible and robust enough to tackk nonlinearities and

uncertainties of its dynamically varying parame®ers

4.4 METHODOLOGY

4.4.1 Brief Background of Research Methodologies

Research is a systematic process of using tooldemmiques to collect and analyze
information (data) in order to discover new knovgedor expand and verify the
existing one. There are four types of research wimned from the objectives of the

research: descriptive, correlational, explanatorg exploratory research [89]. From
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the viewpoint of the strategies of inquiry for abiag data, they can be quantitative,
gualitative and mixed strategies. Quantitativetsggg (structured approach) explores
and determines the extent of a problem, relatignsksue or phenomenon and this
includes survey research and experimental resedhile qualitative strategies
(unstructured approach) investigate exploratorylistiof the nature of a problem,
relationship, issue or phenomenon. Some quanttagearch experiments includes
survey and experimental research while qualitatigsearch procedures can be
ethnography, grounded theory, case studies, phemaogcal and narrative research
[90].

Some of these methods were applied during the tiged®n analysis carried out in
this thesis. Some sub questions need to be addrbssare the major question can be
analysed. This research was therefore carried outphases and different

methodologies were used for each phase.

442 Phasel

This phase answers the first research questionfiestdsub-question: what is the
status of LBS in Africa? This research had to beiea out from the ground up, by
first covering the basics of LBS in Africa. The easch was carried out using the

mixed strategy with a combination of quantitativiel gualitative research strategies.

Six countries were investigated and data colleaded them through academic
literature available from different sources. The ®untries include: United States of
America (USA) and United Kingdom (UK) with alrea@gtablished LBS and four
African countries -South Africa, Nigeria, Kenya aBgypt, four African countries. A
reference framework was developed and used to ativestate of LBS in Africa and
the potential services that can be offered. This twaestablish the importance of LBS
in the much needed improvement in the way of lifett@ African populace and

thereby bridging the digital divide.

The full version of the methodology and resultarirthis investigation are presented

in Chapter Five.
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4.4.3 Phase 2

To answer the second sub-question (To what medsweatent are the LBS in Africa
dependable, reliable and accurate and how canbth@yproved?) LBS measurement
data was collected from South Africa, the only doyim Africa with fully deployed
LBS. These results are presented in Chapter Sixi®thesis. A quantitative research
strategy was employed in this phase of the reseddield study was performed
outside the laboratory by the author and LBS dalizcted.

An empirical investigation was carried out on tH&S data using a reference model,
ArcGIS, Statistical Package for Social SciencesS&Pand Gauteng map collected
from the Gauteng City-Region Observatory (GCROhe Tesearch investigates the
accuracy, dependability and reliability of LBS irrida and the results will assist in

making an informed choice of techniques to be egygado ensure QoS.

444 Phase 3

Research sub question three “What are the majar eource of network-based
positioning technology?” was investigated in thigpe. Here, a quantitative research
approach was used and two types of field data wilized. The first was LBS data
collected by the author during field experiment dhd second was drive test data
collected from a mobile operator in South Africa.ajpt factors affecting the
accuracy of the positioning technique used wereestigated using similar
components to those used in phase 3; a referendeljocGIS, SPSS, and Gauteng
map provided by GCRO.

RSS-based positioning depends on most of the faetoalyzed using the LBS data
collected but it also depends largely on the pmsitf three or more BSs for its
position estimation. Consequently, an investigatargalysis was carried out to
determine the effect of geometry on the accuracy R&S-based positioning

technique.

Results and critical discussion of the results iokthare presented in Chapter Seven.
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445 Phase 4

This phase answers research sub-questions fouivand

How will the parameters be harmonised and a modsfeldped to make the
positioning algorithm geometry-aware? In effedgdtion estimation carried out with
adequate considerations given to the geometryeofribbile network.

Is a model feasible and robust enough to tacklentimtinearities and uncertainties of

its dynamically varying parameters?

Experimental simulation was used to analyse theilfédy of how the introduction
of error models to Cell-ID, TA and RSS-based positig methods might affect the
quality of LBS provided to subscribers. Resulttd aritical discussion of the results
obtained are presented in Chapter Eight.

4.5 CONTRIBUTION TO KNOWLEDGE
The following contributions to knowledge have beeade:

0 A comprehensive analysis of the potentials andehgés of LBS in Africa.

o An empirical analysis of the dependability, rellapiand accuracy of LBS in
Africa.

0 A comprehensive analysis of some error parametérstimg network-based

positioning technique accuracy.
o0 Methods of improving the accuracy of LBS in Africa.

0 A geometry-aware model RSS-based positioning tegcknifor GSM

networks was developed.

o Feasibility of a geometry-aware network-based pwsitg to improve LBS
accuracy is presented.
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4.6 SCOPE OF THESIS AND ASSUMPTIONS

The scope of this research is network-based pasityadechnique in an existing GSM
network infrastructure for a MS with basic featuréisis assumed that the radio
propagation models used by the mobile network dperre accurate enough to be
used for the analyses in the experimental aredss résearch is also limited only to

LBS applicable outdoors only. In this thesis, “cad LBS will simply be referred
to as LBS.
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CHAPTER FIVE

5 CRITICAL EVALUATION OF LBS IN AFRICA

5.1 INTRODUCTION

LBS in USA represented 15 percent of revenue mamhe downloadable applications
in Q2 of 2007 (second quarter of 2007) [91] and gurprisingly almost non-existent
in Africa. Even though the characteristics of eaduntry and continent for the
successful implementation of LBS are significardifferent, LBS can help improve
the lives of people in Africa. LBS applications thaan be offered in Africa are
numerous based on the needs of the people and nfrestiucture available.
Therefore, the African continent needs to addressptovision of LBS to her people
particularly those living in rural areas, low inceraarners in slums and settlements
and also to urban and suburban dwellers. Ther® iknown written research into
LBS in Africa especially analyzing its deploymenidaadaption to an African setting.
Therefore an investigative research into the groavith deployment of LBS in Africa

is presented in this chapter.

Academic research was carried out by the authomendeveloped countries with
already established LBS namely the United Statesnodrica (USA) and the United
Kingdom (UK). LBS in the developed countries wehen compared to those
obtainable from an African setting with the viewdeveloping a roadmap for LBS
deployment and/or adoption in Africa. Four Africaountries were investigated
namely South Africa, Nigeria, Kenya and Egypt. Tprmary objective of this
chapter is to examine the challenges posed in diey@d BS in Africa by analyzing
other developed countries and looking at the pacdtis of the African mobile
technology environment. Other issues consideredudec user satisfaction and

profitability of mobile operators and their thirdnty partners.

The investigative research was carried out usingefarence model and results

presented indicate that Africa is indeed readylfB6. It will enhance the lives of
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many living in Africa as mobile technology has beeo the major means of

information and communication to the African pomaa

5.2 RELATED WORK

From the research conducted and presented in eat#l and by Indicus, it was
suggested that Africa is not the only continenhveitneed to explore the full potential
of LBS [92, 93]. Latif et al proposed some locatlmased services which can be
deployed in Pakistan such as e-marketing, pareg&lcellular cab services, location
based voting, et cetera. The researchers did r@sacthe infrastructural facilities
available and a roadmap to the successful impleatientof LBS in Pakistan. The

services suggested would only serve urban subssraaequately [92].

The Indicus white paper gave a detailed roadmappimposed deployment of mobile
LBS in India. It gave the challenges envisaged #mel way forward in the
implementation of LBS in India. Current LBS provitlein India are fleet
management, person locator, mobile yellow pagestandst information. It also
suggested some LBS which might be adapted forrubelia [94] such as emergency
LBS, LBS navigation, weather alerts, person locati@sed search, location based

gaming and other types of location information.

Petrova and Wang compared LBS in developed cogntiigh LBS with New
Zealand by using an LBS reference model. They cthemhthough New Zealand is a
developed country it does not enjoy the full patnof LBS like some other
developed countries such as the United Statesh daghEurope. They suggested that
the possible boosters of LBS could be public saf##yand which will lead to
legislative laws guiding the provision of LBS aspiemented in the US and

industry’s demand for navigation and routing.

5.3 METHODOLOGY
Data collection was carried out through a surveyitefature from different sources

such as journal papers, conferences, mobile netwpgtator’s reports, newspaper
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articles, online publications and others. Data wakected for the aforementioned
countries and areas. For the purpose of this relsear reference framework was
adapted from [95] to analyze the adoption and depént of LBS in Africa.

Data collected was analyzed in five stages. At,figr each region considered; the
type of LBS deployed and location technologies usede examined. Secondly, the
advancement of GIS and GPS were analyzed in theggens. Thirdly, the mobile

network market which includes the mobile operatansi government regulations
were considered. Fourthly, the ARPU, GDP per cagpitd Gini coefficient of the

countries under consideration is presented. Fiftb,outcomes of the findings were
used to compare the case of Africa to the otheionsg Finally, deployment and
adoption of LBS in Africa was analyzed.

5.4 REFERENCE MODEL

The author adapted and extended an earlier dewklowdile commerce reference
model given by [95] to assist in data gathering #mel data analyses carried out.
There are five important factors that influence tthevelopment of new LBS
applications. These are infrastructure, interfdnesiness, customer satisfaction and
experience, and the customer’s bargaining powee ihfrastructure includes the
mobile/communication network and the MS. The positig process is carried out by
algorithms and applications to request and delther LBS request. Geographical
information systems (GIS) are used to provide datd content. A feedback is
received by the mobile network operator from thessuber through the average
revenue per user (ARPU). Figure 5.1 is the graphe@esentation of the reference
model.

a. Infrastructure layer
The mobile network is a communication path. Ihgfars user data and service
requests from MS to the service provider and getsréquested information
back to the MS. Today, most smart phones are deditp meet the needs of

developed countries. Africa home to the poorestaris in the world has most
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subscribers using MS with restricted capabiliti@3]] It is predicted that Africa
and the Middle East region will have the largestoant of mobile phone
shipments with 166 million low cost phones sold 2314, representing 24

percent of all sales for the year [93].
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Figure5.1: LBSreference framework (adapted from [95])

Interface layer

The interface layer comprises the positioning comgmd which is used to
estimate the location of the MS. Locating the M®fisitmost importance for
LBS. Methods of locating the MS can be grouped itiieee as previously
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highlighted - handset based, network-based and kaichyf both. Most
network-based methods are used for MS with basatufes, where all
measurements and calculations needed for posigdaie place in an already

existing mobile network [6, 9].

Business layer

There are many LBS offered by mobile service vesdordeveloped countries
which include locating a friend, locating a poifiterest et cetera. Real world
features such as roads, points of interest and api@p are represented in
databases and these locations information aredin&elocation coordinates.
Consequently, a request is made to a spatial dsgadiaout a specific location
by the software application for the retrieval ofdtion information. All these

various aspects are handled at the business Igyaobile service vendors and

third party partners.

Customer Satisfaction and Experience

The ability to provide good service to the customsea major corner stone in
any service-oriented organization. UnfortunatelgS.developed and adapted
to developed countries are transferred to Africtheat undertaking adequate
research and tailoring the services to the needgeeferences of the continent
[93]. This has led to customer dissatisfaction andnability to optimize the

opportunities for services presented by MSs.

Customer Bargaining Power

The inclusion of the customer bargaining powerhi@a LBS mobile commerce
reference model is one of the important contrimgiof this research work. It is
a major addition to the model presented by PetemahWang in [95] which did
not consider the effect the customer bargaining guoWwas on customer
experience and profitability of mobile operatorgldheir third party partners.
The customer bargaining power of the developing @evkloped countries is

compared using GDP per capita, Gini coefficient ARPU.
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Gross Domestic Product (GDP) is a basic measura afuntry’s economic
output, while GDP per capita is the GDP divided thg population of the
people in the country by mid- year [96]. Individyairchasing power (GDP-
per-capita) is a means to compare the strengtlomwmers. A country with
higher GDP per capita has customers who have higieerme and better
purchasing power than another with lower GDP pertaaThe GDP per capita

is taken as the average income of the country [96].

The Gini coefficient is also an important econonmdicator which measures
the degree of inequality in the distribution of f§mincome among an entire
population or country [97]. A high Gini coefficiemdicates that more of the
income is distributed amongst a small group ingbpulation and a low Gini
coefficient indicates that the income is equallgtabuted among the majority
of the people.

The amount mobile operators are ready to invesesearch, development of
services, applications, infrastructure and theplofgment is dependent on the
average income of the community of interest. Thisiwturn give an estimate

of the expected average revenue per user (ARPURLAR a mobile network

is used to express the income generated by a tygidacriber on the mobile
network [98]. ARPU is dependent on the amount agrage subscriber earns
and the amount the user is willing to pay for teevees offered. The customer
bargaining power has a direct effect on all theeotlayers such as the
infrastructure layer, interface layer, busines®tagnd definitely the customer’s

satisfaction and experience.

GDP per capita, Gini coefficient and ARPU are nustriof customer’s
bargaining power employed in this Chapter but thaye various limitations.
Some limitations of GDP per capita are that thehods of computed economic
statistics vary by country, it excludes informatame and the exchange rate

used for computation is rarely stable. Gini coédit cannot be used when the
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distribution is negative and tangible informatienlost when absolute national
and personal income is considered. ARPU is alsomitbbout some limitations
as for example subscribers having multiple accoantsgenerally the metric is
skewed to and by certain services. These metred are however widely used
and accepted metrics and hence appropriate fonttastigation carried out in
this Chapter.

5.5 CASE STUDY OF DEVELOPED COUNTRIES

5.5.1 Customer Purchasing Power

GDP per capita of the USA and the UK, as given lant€l Intelligence agency
(CIA) by Q1 2011, are $47,400 and $35,100 respelstii®7]. The ARPU of AT & T
the largest mobile operator in the USA and Oramginé UK is $61.89 for Q1 2010
[99] and $31.87 for Q4 2010 [100] respectively. iRPU presented for the UK and
the USA was determined based on the mobile opevatbrthe largest market share;
that is the AT&T.

5.5.2 Infrastructure
In Europe, GSM is a unified technology. This is tilm¢ case with theUSA, where
there are both CDMA and GSM networks [95].

5.5.3 LBS Deployment
The main driver of LBS is the requirement by FCC locating Emergency 911

callers using MSs within a specified accuracy mt8SA [101].

Among the top five wireless operators in the USA @ingular, American Telephone
and Telegraph Wireless Service (AT&T WS), T-Mobig&print-Nextel and Verizon.
Cingular, AT&T WS and T-Mobile are based on GSMrastructure while Sprint-
Nextel and Verizon operators have CDMA infrastroety95, 101]. The GSM
infrastructure can easily locate both legacy MS e with built-in GPS module
while for the CDMA network it is more technicall§fective to locate only MSs with
built-in GPS.
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Cingular AT&T WS, and T-Mobile adopted a networksbd solution U-TDOA [101].
Other mobile operators with CDMA technology adop#@PS, a handset-based
solution. U-TDOA technology requires an upgradeh& mobile network while the
later requires an upgrade to the MS. The U-TDOA tredAGPS are the only ones
which have met the performance requirement for gerery services location U-
TDOA supports all kinds of mobile phones [13, 101].

Various types of LBS such as emergency, navigatinfgrmation and tracking

location-based services are offered in the USA lopite operators and other third
party business partners (shown in Table B.1 in AgpeB, page 104). These LBS
are monitored by regulatory bodies and they shth#defore meet the specifications

of the FCC in both accuracy and reliability.

Enhanced 112 (E112) a variant of E911 in the USA watiated by the EU
commission as a directive in 2002 ("Directive 2@22EC" 2002) with the aim of
providing emergency services to MS users. In Eur@®M is a unified technology
and as a result, it was easier to work on a tedgyofor E-112 and enhance LBS
deployment. The technologies proposed Cell-ID, @2It TA, E - OTD, U-TDOA
and AGPS, were all considered suitable for E112 Tost probable ones due to
accuracy are U-TDOA and AGPS [13]. Various typed BS such as emergency,
navigation, information and tracking location-bassvices are also offered in the
UK (shown in Table B.2 in Appendix B, page 205).

5.5.4 Data and Content of LBS

There are many GIS companies already operatior@ggweloped countries especially
in the USA and the UK. They will therefore have lWehnaged up-to-date maps and
spatial information available on most parts of ¢bentry. The data and content made
available to LBS subscribers is reliable and upkte. LBS vendors employ
qualified and trained personnel and therefore sesvand applications well suited to
the needs of subscribers are developed and depldyesl will effectively meet the

expected requirements for LBS accuracy.

94



5.5.5 Regulatory Body

The FCC regulates E-911 in the USA and E-112 wasnussioned by the European
Commission. Both are well established regulatorydié®  The European

Commission did not specify an implementation dewdbr accuracy [101, 102]. The
accuracy specified by E-911 has been previouslggmted in Chapter One, Section
1.3, and page 4.

5.6 CASE STUDY OF DEVELOPING COUNTRIES IN AFRICA

5.6.1 Customer Bargaining Power

GDP per capita of South Africa, Nigeria, Kenya &gypt as provided by CIA for Q1

2011 are $10,700, $4,400, $1,600 and $6,200 regpkc{97]. As can be seen in
Figure 5.2, the GDP per capita of the USA is al3futimes more than that of Kenya.
The ARPU of the largest mobile operators were atsusidered. In South Africa it

was $19 for Q1 2010 [103] $11 for Q4 2010 in Nig€di04], $7 in Kenya for Q4

2010 [105] and in Egypt it was $5.16 for Q3 20104]JL

Figure 5.2 and Figure 5.3 show a strong correlabetwveen the GDP per capita and
the ARPU of the countries considered, except foypEgvhich offers the cheapest
mobile services in the world. The exchange ratthefEgyptian pound to the dollar is
also affected by the turmoil that recently tookgelan the country [107]. This implies
that a country that earns more will pay more omsgpgore on mobile applications

and services.

According to the “World Fact Book” produced by t@A, the Gini coefficient of
USA, UK, South Africa, Egypt, Nigeria and Kenya &® percent, 34 percent, 57.8
percent, 34.4 percent, 43.7 percent and 42.5 perespectively [97]. The Gini
coefficient from the Human Development Report peztli by the United Nations
Development Programme is slightly different duethe method of data collection

and analyses and they are given as 40.8 percepgr88nt, 65 percent, 32.1 percent,
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42.9 percent and 47.7 percent respectively [10Bhese are shown graphically in
Figure 5.4.
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Though income distribution inequality affects atluatries, the worst affected are
countries with low GDP per capita such as the Africcountries considered.
Although the income in these countries is minimas iunequally distributed and in
the hands of a few of the entire population. Thereinther reducing the purchasing
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power of a majority of subscribers. From Figure, duth Africa has the worst Gini
index with a large amount of its family income takey a small group of people and
Egypt has the best distribution according to thei Goefficient.
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Figure 5.4: Gini coefficient of countriesunder investigation in study

5.6.2 Infrastructure

South Africa has a population of about 50 millioeople and a mobile network
penetration rate of 93 percent [109]. The SouthcAfr mobile market started in mid-
1994 and by 2008 had about 45 million subscribars, 92 percent penetration rate.
It was predicted that by the end of July 2009 tiveoelld be about 54 million mobile

subscribers in South Africa which is about 13 petad the estimated 415 million

mobile subscribers in Africa.

South Africa operates with a more advanced teclgyalban other African countries.
The mobile operators include Vodacom with abouB2®illion subscribers at 1Q
2010 [110], MTN with about 18.8 million subscribeas3Q 2011 [111] and Cell C
with about 8.2 million subscribers [112]. Virgin Mite is a mobile virtual network
operator using the Cell C network while Red Bulllde and 8.ta are roaming virtual

mobile network operators using Cell C and MTN respely for coverage across
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South Africa. All the mobile networks operate GSGkneral Packet Radio Service
(GPRS) and Enhanced Data Rates for GSM EvolutioDGE) technologies.
Vodacom and MTN both operate the UMTS technolo@ly.mobile operators plan to
roll out a higher package, High-Speed Packet Acéesslution (HSPA) in the

nearest future.

Kenya has 19.4 million subscribers in total andlgpBrcent penetration rate [113].
The mobile operators are Safaricom, Airtel, OraKgmya and Yu- Essar Telecom
Kenya with Safaricom being the largest subscribesebwith about 18.1 million
mobile subscribers 3Q11 [114]. All mobile operataose GSM technology.

Egypt has about 66.3 million subscribers in tatala 93.2 percent penetration rate by
the end of 2010. Egypt is the second largest mankafrica with approximately 13
percent of the total mobile subscriber market [11Bhe mobile operators are
Mobinil, Vodafone and Etisalat with 30.4 million,l. 8 million and 13.28 million
subscribers respectively. All the networks openaith both the GSM and UMTS
technology [114].

Nigeria has a population of about 153.2 million pleowith about 90 million active
mobile line subscribers or a mobile line penetratiate of 60 percent penetration
rate. Nigeria is the largest single mobile markeffrica having grown from a no
mobile phone country in early 1999 to 59 mobilessuitbers per 100 inhabitants in
2010, an enormous growth over about 10 years ofilextdchnology in the country.

The country has over 120 million connected mohilessribers [116].

The GSM mobile operators in the country include MTBloMobile, Airtel-Zain,

Etisalat, Mtel with about 40.54 million, 19.49 nolh, 15.97 million, 7.8 million and
0.2 million. The CDMA mobile operators have abo@%d penetration and the
CDMA operators are Multilinks-Telkom, StarcommsiRece telecoms, Intercellular

Nigeria and Visafone [117].
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5.6.3 LBS Deployment

VODACOM and MTN are the only South African mobilgevators presently
offering LBS as at the time of writing this theaisd they make use of enhanced Cell-
ID method for locating the MS. Notwithstanding thhéy have the most advanced
technology in Africa, they make use of the mosidpssitioning method to estimate

the position of a MS for most commercial LBS.

VODACOM offers the following network-based LBS; Ergency call (911Alert),
Distress call (Look4Help), Person tracking (Look4Meoints of interest (Look4it)
and MTN offers Emergency call (911Alert), Distresdl (MTN2myAid) and Person
tracking (WhereRU). Asset tracking is offered by MTand VODACOM in
conjunction with asset tracking companies. Cell fiere only emergency calls
(911Alert). VODACOM introduced a new trial of a Et@n-based advertising service
called the grid to be launched soon [118]. Look4fde Business, Cellfind Assets,
Cellfind Messaging Portal, 911 Alert, Look4MusicdamiTraffic are other types of
LBS offered through third party business partnel.CHND [119]. South Africa
LBS market forecasts an increase in the LBS martkese to $33.8 million in 2013
[118].

Safaricom and Airtel- Zain are the only operatdfsring LBS in Kenya. Safaricom
engages commercially in vehicle tracking and Aiftaln provides Emergency calls.

Table 5.1 summarizes the LBS offered in the aforégioeed developing countries.

5.6.4 Data and Content of LBS

South Africa is the most developed country in Adriand was the pilot for many
technologies already existing in Europe and the US8RI, a major GIS company,
has a subsidiary in South Africa and South Africaréfore has relatively up to date
maps and spatial information. Data and contentlawéity is more commendable
than in other African countries and there are nouralified and trained personnel to

develop and manage LBS.
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Until April 2009, Egypt had a ban on GPS and all GPS products. M&iegtthe
country with a built-in GPS module had to be disdbbefore they could be sold
[120]. This might have a positive impact on thevgitoof LBS in this country.

Table5.1: Location-based servicesin 4 African countries

Country Company Penetration Rate Services
Egypt 58.85% penetration rate
Mobinil, (05/2008) -
Vodafone -
Etisalat -
Kenya 51.2% penetration rate
Safaricom (06/2010) Vehicle tracking
Airtel-Zain Emergency calls

Orange Kenya -
Yu- Essar Telecom Kenya -
Nigeria 59.90% penetration rate
MTN (10/2010) -
GoMobile -

Airtel-Zain -

Starcomms Person tracking
Mtel -

Etisalat -
Multilinks-Telkom -

Visafone -

South Africa 92.15% penetration rate
Vodacom Emergency calls
Distress calls
Person tracking
Points of interest
Asset tracking
MTN Emergency calls
Distress calls
Person tracking
Asset tracking

Cell C Emergency calls
8.ta rMVNC
Virgin Mobile MVNO!
Red Bull Mobile rMVNG

LBS were introduced in Nigeria in the year 20103tgrcomms which uses a CDMA

network and covers less than 5% mobile penetrafidre LBS launched called

! (Roaming) Mobile Virtual Network Operator
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StarTrack allows subscribers to locate family anenfls [121]. At the time of this
research, all the other mobile operators wereg/éunch any other LBS. With most
subscribers on GSM networks, StarTrack on CDMA woekws available to very few

percentage of the population.

5.6.5 Regulatory Body
At present, as far as the author can ascertaire tieemo legislation regarding

emergency LBS or other LBS in any African country.

5.7 THE WAY FORWARD TO DEVELOPMENT AND DEPLOYMENT OF

LBS IN AFRICA
All over the world, many LBS have been successfldlynched and in order to find
new opportunities, mobile services providers amkilng more closely into Africa.
Unfortunately, this is not proving successful. The®mpanies try to push existing
products and services deployed in developed casitnto the African market,
instead of adapting the services and productsdm#éeds and culture of the people
[93, 122].

Location information allows subscribers to accedsrmation that is pertinent to the
location of the requesting user. Subscribers majaia service requests on demand,
or automatically when triggering conditions are m&ir example, entering a
particular BS cell and when a specific hot spoth@ area is approached. There are
many types of LBS, and many have been discussetbpsdy in chapter two. Some
of the LBS discussed here are applicable both weldeing and developed countries

and others are more suitable to the needs of Africa

5.7.1 Critical LBS Needs

These LBS will attend to the short term or critinekds of subscribers.

a. People tracking
Friends and family are the most important assetmafh. The LBS helps to

pinpoint the geographical location of friends aadily especially when they
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go missing, or for child tracking purposes. Peojpécking can also be of
importance in fighting the spread of diseases gmdeenics in Africa, such as

tuberculosis.

African countries face formidable challenges inlmubealth such as the rapid
spread of HIV/AIDS, persistence of malaria andtesl&iller diseases such as
tuberculosis. Presentlifrica is facing the worst tuberculosis epidemiocs
the advent of the antibiotic era. This is driven &ygeneralized human
immunodeficiency virus (HIV) epidemic, compoundey Wweak health care
systems and the situation has gradually worsen28l.[More than two-thirds
of the population in twenty-five of the most affedtAfrican countries live in
rural areas. Rural people are more prone to theadés because they are less
likely to protect themselves and do not have adeqaecess to health services
and information [124]. With LBS, location specifimformation can be
obtained, and the location and treatment of patienassist the management of

these health challenges might be made easier.

Maintaining patients on pulmonary tuberculosis (TEatment is also critical
to ensure its cure and the prevention of drugt@&sistrains of tuberculosis. A
contributing factor to high treatment interruptiate is the limited capability of
the TB clinics to locate patients who interruptitheeatment as cited in [125].
LBS can be used to trace and locate patients tarensompletion of TB

treatment.

Health information services

There is a huge brain drain of health professiomalse rural areas to the urban
areas [126]. There is therefore a need to maketeféeand adequate use of the
services available. LBS can be used to providermé&bion services to mobile
subscribers such as nearby hospitals with heatd warkers and health care

centers with the required medication and healtlvigess. Community health
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education days and immunization days’ remindersateo be broadcast to the

people in a particular location.

Cell broadcast

The network automatically broadcasts information mebile phones in a
geographical area. The information can be senli tn@bile phones in the area
or to a specific group/community. Health informatioveather alerts and other
important information can be sent to the peopléhan coverage area. In most
African countries security officials do not alwalyave the capacity to respond
to and help victims of attack. People thereforemetd depending upon each
other in a community and even employing securitysgenel if applicable.
When there is an incident of robbery or assaultermergency number can be
sent to the police and selected members of a esgdstcommunity or

geographical area, e.g. the Community Policing Fo{GPF).

Security alerts

Robbery, murder, rape and other forms of assaeltpagvalent in particular
areas and locations. Warning information might tsto all persons
approaching, or already in the location, to malenttaware of the dangers of
that particular location and precautions to be naKeis can also be enforced
on beaches and unsafe natural habitats. Africa ortinent with many
indigenous beliefs, culture and traditions. Theeesome rural and urban areas
in Africa where visitors are not welcome at partcutimes of the year, on
particular days and in particular hours. This isdase some traditional rituals

are being performed which might be harmful or emrdssing to visitors.

Emergency service and alert

Emergency calls and emergency alerts are probhablynibst important feature
offered by LBS, especially in situations where tiadder cannot indicate his/her
location due to a medical condition or unawarenetshis/her location.

Emergency alerts are very useful when natural tisasccur, such as flooding,
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disease epidemics and fire outbreak which couldmclives and destroy
homes. Africa is known for the slow response of gmecy personnel. The
mobile phones of passengers in any means of tra@asipo can also be

automatically linked to emergency alerts.

Commodity availability information

Poverty in Africa is predominantly in rural areaghamore than 70 per cent of
the continent’s poor people living in such areabese rural dwellers still
depend on agriculture for food and livelihood evérough development
assistance to agriculture is decreasing [127]. &Vedlability of LBS in rural
areas will enhance the advertisement of commodé#ieslable in a particular
environment or community and the location of sucbmmodities or
agricultural produce. This will improve people’scass to commodities or
agricultural produce before it perishes due to twhavailability of adequate

storage and preservation facilities in rural areas.

Route/ security information
Hijacking and accidents on African roads is alwaypossibility, this LBS
service can give security and traffic informatidsoat a route to ensure safety

and timely passage.

Hotspots alert

Africa has experienced and is still experiencingptaof man-made disasters.
Examples include xenophobic attacks in South Africgligious crises in
Northern Nigeria, ethnic cleansing in Sudan andogele in Rwanda. An
effective warning system can be developed whicliseut emergency alerts
on natural or man-made disasters. This will giveerimation about what is
happening and the best way to get to safety. dbtalerts locate crisis areas
and provide information about the nearest safe spoPolice station, nearest
military barrack and directions on how to get theaéely. Disaster zones can

also be mapped out quicker in the event of firaghi@ak of diseases et cetera.
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Weather alert

There have been many cases of flooding, droughtdasttuction of lives and
properties due to lack of adequate weather warWepather alerts can be sent
which might help people adequately prepare for swEnts thereby saving life
and property.

5.7.2 Additional LBS Needs

These LBS applications are suggested for additibB&l needs of subscribers.

a.

Directions/Navigation

This application guides a mobile phone user tchkisflestination by providing
navigational or directional information, linked #® geospatial information
system. This service can also be provided to \ellagravelling out of their

zones for the first time.

Traffic monitoring and management

The infrastructure in most urban areas of Africanzd cater for the population
of people living in these urban areas. Traffic ngemaent can be a lot easier
with traffic information sent for different route$raffic management can also

assist in decongesting roads and providing alterraites.

City guides
Tourism is an important alternative source of fgnegéxchange to the continent.
A guide should provide information about pointsimterest such as historical

sites, tourist attractions, restaurants, policBats, et cetera.

Location based voting

Electoral processes in many parts of Africa havenbeharacterized by
electoral crises - Zimbabwe, Nigeria, Democraticpit®ic of Congo and
Kenya are a few examples of this [128] . Locatiasdd voting will help

monitor the movement of voters and the movememrgl@ftion materials from
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5.8

different locations which might assist in autheatiicg the fairness of the

elections.

Personnel and workforce management

The workforce and personnel management LBS carséeé to track employees
and ensure that work-plans are completed. It caldd offer the ability to
enforce penalties to defaulters. This can be usgdbéth private and
government sectors. It could also be used to conwatewith field workers to
improve their productivity in the field.

Route planning, fleet and asset management

This is very important to companies with fleet \&#&s$ that have scheduled
deliveries. Routes are carefully planned to delithee goods no matter the
eventualities. Asset management needed in ruraheomties may range from
perishable agricultural goods to cultural artefeatsl vehicles and goods in
urban areas. These LBS should be able to provichitm and a timestamp of

the fleet/asset when registered to ensure safetyampt delivery.
CHALLENGES ENVISAGED

Data and content

A good addressing system and adequate geocodingfrioa is important for
the deployment of LBS due to the use of geograpiméarmation system used
to map real points of interest and streets to gggdgcal coordinates.
Considering the fact that Africa is a developinghtoeent and the spatial
database might not be well populated, low in acguend not up-to-dated due
that are not numbered and streets that do not bawect signage. This is a
major challenge inferred from the results of LB&vysion analyses carried out
by the author and presented in Chapter five ofttiesis. Africa needs to invest

more in geographical information systems.
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Services and Application

Most of the services currently rolled out in Afriegere brought in from
developed countries and have therefore not beeptedido the needs of
African users [93]. This might be due to the unkalality of trained local staff
and personnel to develop the services and apmrtsatiAcceptance by most
subscribers of such services is slow if not imdadesbecause the needs of the

intended subscribers might not be met.

Quiality of service

Cell density affects most network-based positionmngthods. The present
challenges with voice services such as high drdprates in some areas in
Africa might translate into reliability challengesth LBS.

Regulatory body
There is presently no regulatory body looking ihBS services in Africa. The

QoS provided cannot be assured without good regulat place.

LBS Infrastructure

Many location estimation devices such as LMU andrsndevices are not
readily available in developing countries becau$ethe huge investment
involved. At 2Q of 2010 according to the report[h®9] the cost of upgrading
a BS with a LMU is about R 40 000 — R 53 000 at ¢haversion rate of 1
British Pound to 13.2 South African Rand. Smarticewv are also not a viable
option as presented in Chapter 1. Some locatiomasbn technologies using
these devices therefore have low applicability fno& and it is important to
explore other methods to further enhance the acgucd network-based

location estimation techniques.

Accurate positioning
The most applicable positioning methods in Africe #ghose that need little
modification to the mobile network and no modificat to the MS for its

implementation. These can be summarized as netlhas&d positioning
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techniques. They are generally dependent on mastgrgéasuch as cell size,

multipath, propagation channel, wireless environnaga geometry of BSs.

Error models, multipath propagation models and NlgB&pagation models are
highly dependent on the geometry of BSs and theless environment [125].
Consequently, various location estimation algorghane affected in varying
ways by different geometry and wireless environmesgpecially in network-
based positioning [56].

Different methods should be adapted to differergaardepending on the
topography of the area and geometry of the netwblere should be no one

general solution for all the areas.

5.9 CONCLUSION

This chapter presents a novel investigative rebeafmut LBS in Africa. The

contribution to knowledge presented in this chapteludes the extension of an LBS
reference model to incorporate customer satisfactomparing LBS in Africa with

developed countries, the adaptation of some LBSth® African setting and

highlighting the challenges that might be encowetderith deploying LBS in Africa.

It can be concluded from the analyses and evalugiresented that Africa needs
LBS adapted to its needs. LBS which are reliabkpetidable and their location
information can be used for the required purposes€quently, there is a need to
provide accurate location information (data contewviich is highly dependent on

accurate network-based positioning techniques.

This chapter answers the first research questidrfiest sub-question with the aim of
analysing the status of LBS in Africa in order tstly ascertain the state of LBS in
Africa compared to the world and also to preserd thfferent ways location

information can enhance the way of life of peoplag on the continent.
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The next chapter presents more analyses on theramgcand dependability of
location based on empirical analyses performedoomesLBS data collected in South

Africa.
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CHAPTER SIX

6 DEPENDABILITY OF LBS IN AFRICA

6.1 INTRODUCTION

The previous chapter reiterates the need for LB@fiica and highlighted some
challenges that might be encountered. This chajotetinues with the study of LBS
already deployed in Africa with specific investigat into South Africa, the pilot
country for LBS deployment in Africa. South Afri¢eas the most advanced mobile
communication infrastructure in Africa and it istrsurprising that it is also the first
country in the continent to roll out LBS to its sehibers.

This chapter investigates the dependability of ieceinformation currently provided
to LBS users. This is achieved by investigatingngsiempirical analyses the
difference between predicted and provided accutacyBS users. The empirical
investigation was carried out on some parametdextafg accuracy provided and

accuracy predicted.

Summarizing, it was established that the predieteclracy and provided accuracy
are quite different and the accuracy defining pa&tamalso affects them in varying
degrees. Location information provided by the LB®mnimay therefore lead to faulty

decision making by the subscriber.

6.2 RELATED WORK

The experimental work presented in this thesis nsnetwork-based positioning
methods and no work was presented on experimertd @arried out on advanced
positioning methods. Spirito, Poykko and Knuuttgdallected Cl, TA and RSS
measurements based on GSM network from the cityeceand suburban area in

Tallinn, Estonia. Based on their analysis, CelldBcuracy was between 500m and
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1.1 km in the city and suburban areas respectiwglije Cell-ID + TA + RSS'’s

accuracy was 300m and 800m respectively [53].

In 2004 Trevisani and Vitaletti worked on the expmmtal study of Cell-ID location

technique, collecting data from 2 major citieshe world the New York area in the
US and the Rome area in Italy. Data was collentdtiree distinct contexts - urban,
suburban and highway. Based on their analysisy kald the USA had estimated
accuracy of between 500 m and 1 km and betweem8@@d 3 km respectively in

urban areas. The study evaluated the ability ofpeasive Cell-ID location technique
and its suitability for providing LBS. They discaed that Cell-ID is not satisfactory
for a general solution in the provision of LBS lmain be effectively used for LBS

requiring low accuracy [52].

Lin, Lui and Wu investigated the accuracy of CHll-+ TA in Kaohsiung, Taiwan by
using TA measurements from three or more BSs. Tdwyded the use of forced
handover by using a single TA parameter from theisg BS and two or more
simulated TA parameters of some neighbor BSs ciedlby the serving BS. The
basic Cell-ID + TA provided accuracies of betwe®r2 and 800m which improved
to between 100m and 300m when the Cell-ID + simul@A method was
implemented. It was observed that the accuracyadiegr with increase in subscriber
density [130].

Mohr, Edwards and McCarthy also presented an eocapistudy of the accuracy of
LBS in the UK. It presented that most operatorghn UK use sectorized Cell-ID +
TA for the provision of LBS. The average accuraoyvided across all networks was
about 266m [131].

Accuracy of LBS made available to smart phones alss empirically investigated

by [132] and they discovered that smart phones kawing degrees of accuracy of
location information provided. It concluded thatll@B though largely available is

less accurate than the positioning obtained fromgggphical positioning system
(GPS) positioning.
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6.3 METHODOLOGY

The author carried out empirical research on measent data from a field test to

analyse the dependability of LBS in South AfricheTanalyses and results presented
are part of this research work. Two types of LBSersgancy location service and
person location service were each registered withrhobile location providers. Six
LBS requests were made, four within the locatioovpter’'s network and two across
networks. All measured data were collected at@tatly positions. LBS requests
were sent from 60 geographical location points dmity 51 geographical location
points were used for this research due to measunteener. Over one thousand LBS
requests were made and 938 location responses neeeéved from the Mobile
location providers. From some analyses carriedoouthe accuracy provided and
guestions to some staff of the mobile operatorsasg concluded that enhanced Cell-

ID positioning technique is the method used byrtiodile operator.

It should be noted that data collected and analyizedised for the empirical
investigation presented in this Chapter and in spare Chapter Seven of this thesis.
Some part of this chapter had been presented 8y [131].

6.3.1 Reference Model

This research uses the reference model shown urd-gj1 to assist in data gathering
and empirical investigation. There are many factbas influence the accuracy of the
LBS provided using network-based positioning teghes, but only four of them are
investigated and presented. These are the mohilorie geographical location, area

from where LBS request is made and the densitglbf ¢

a. Mobile network
The mobile network is made up of cells and thesesarved by BSs. In most
cases for network-based positioning, the coveraga af the cell determines
the coverage area of the positioning technique iegpph the cell. Mobile
operators have different mobile networks (i.e. mgeament of cell) which are

dependent on the availability of location for th8,Roverage area of each cell
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and the number of people to be served [135, 13BF Imeasurements were
collected from two mobile location operators offeyi LBS services to

subscribers using a basic MS.

( Cellular networ! b T .Accuracy of LBS T

Geographical location ]v\ predicte
Density of cell ]4/ [ ACCUfaCy of LBS ‘]
‘ providec

Wireless environment ]/ gl Ed

L 'LBS quality of service
G ) R L

Figure 6.1: Reference model

Geographical location

The geographical location is also an importantdiatti be analysed because the
geographical location where the LBS request is nadfiets its accuracy [52].
The actual/true locations of the geographical iocat were collected using
AGPS and it was also used to locate points of ésteduring data collection.
All data was collected at a stationary position.utdag City-Region
Observatory (GCRO) made available geospatial datheoGauteng province.
This was used with the GIS for map matching to @ista the true/actual
position of the MS during data collection and teck for errors which may
have been introduced during data collection [137].

Density of cell

Density of the cell refers to the number of sulizms in a single cell and using
the same BS at the same time. It has been prinatdhe cell density affects
the accuracy of some network-based methods, therefe effect was also
investigated [65]. The evening/night data collettioorresponds to peak

periods recorded by mobile operators to ensurettigateadings fall in the peak
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period and the other collection period represemesaff-peak. Thus, data was
collected twice a day and over five days from teegyaphical locations. The
first period was between 7:30 and 11:00 in the mmgrand the second between
15:30 and 21:00 in the late evening.

Wireless environment

The terrain, density of buildings and height oflthmg generally have effects
on network-based positioning techniques [52]. lis tiesearch, LBS requests
were made from three different areas which arerdest as an urban area
(Johannesburg CBD), a densely populated suburbeaa €oweto) and a
relatively more sparsely populated suburban areh very little trees/ shrubs

(Sandton). Soweto is a low cost housing area w@dedton is a high cost
housing area. Maps of the test areas showing adsitription of the test areas
and geographical location points considered aresepmted in Appendix C

shown in Figures C1, C2 and C3, page 206.

Measure of quality of service (QoS)

Horizontal accuracy was used as the measure ofiQtf analyses presented
and it is referred to as “accuracy”. Maps showitages, sub places, major and
minor roads of Gauteng were obtained from the Gaut€ity-Region
Observatory (GCRO) as previously mentioned, andethgere imported into
ArcGIS 9.2 for geographical analyses [137]. Arc@l8 was used to estimate
the distance between the geographical locatioms@sded by the GPS and as

given by the mobile location provider.

The location estimated by the LBS provider was wgivelative to the closest
road to the BS where the LBS request was made.rAcguwredicted by the
mobile location provider was estimated based onc#iesize and was made

available by the LBS provider when delivering thedtion information.

The first accuracy provided was calculated by tlstadce between the true

location of the MS to the road estimated by locapooviders as the crow flies.
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It is called “lower bound accuracy”. “Upper boundcaracy” was estimated

when the length of the road specified by the laraprovider was considered.

Upper bound accuracy is given by lower bound aayuia addition to the

length of the road specified. This is because B8 user can be located at any

point on the road specified. If the road is 1 kmdahen the upper bound

accuracy is given by lower bound accurac¥ km. Lengths of the roads were

also extracted using Geographical Information Sys(&1S) from geospatial
data collected from Gauteng City-Region Observa{@@RO) [137] and they

were very useful for calculating upper bound accurdable 6.1 defines the

variables for collected data.

Table 6.1: Variables used for collected data

Variable Variable name More information
) Morning Morning
Time of day Evening Night/Evening
Soweto -A
Environment Sandton -B There are three main types of environment

Johannesburg CBD - C

LBS Provider

LBS Provider 1
LBS Provider 2

There were two LBS providers

LBS request

LBS1, LBS2, LBSS3,
LBS4, LBS4, LBS5 ang
LBS6

LBS1 = Poviderl’s response to distress req
from a MS on its network

LBS2 = Poviderl's response to person locaf
request from a MS on its network

LBS3 = Poviderl’s response to location reqy
from a MS on Povider2's network.

LBS4 = Poviderl's response to location reqy
from another MS on Povider2’s network.
LBS5 = Povider2’s distress request from a |
on its network.

LBS6 = Povider2’s person location request fr
a MS on its network.

Accuracy One

Predicted accura

Accuracy predicted

Accuracy Two

Lower bound accuracy

Accuracy provided to nearest point on
specified road

Accuracy Three

Upper bound accuracy

Accuracy provided to nearest point on the rg
+ length of specified road
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6.3.2 Data analyses

Over one thousand LBS requests were made and 938ido responses were
received from the mobile location providers. An rage of 93.8 percent reliability

and success rate was recorded. 11.3 percent, 42c2rp and 46.5 percent of data
was collected from the Johannesburg CBD, SowetoSamditon respectively. About

94 percent success rate was achieved which makesBi§ services surveyed quite

reliable.

The Statistical Package for Social Sciences (SPS®ware was used for the
manipulation and statistical analyses of data ctdl There were four independent
variables (time of day, type of environment, LB®\pder and LBS request) and three
dependent variables (predicted accuracy, lower @haaccuracy and upper bound
accuracy). The analyses carried out for this cliaptdudes descriptive, parametric,
paired sample t-test, ANOVA (ANalysis of VariancB)ANOVA (Multiple ANalysis

of Variance) and effect size statistical analybigests were used to compare the mean

score in continuous variables.

MANOVA (Multiple ANalysis of Variance) statistical analgsis an extension of

analysis of variance for use with more than onesddpnt variable. These variables
should be related in some way, or there shouldobgesreason for considering them
together because MANOVA compares the groups. MANG&/Aased on separate
one-way ANOVAs of dependent variable. This typeaoglysis is used instead of
several ANOVAs to reduce the risk of Type 1 emdrich gives a false output of
finding a significant result when in fact there’isone [138, 139]All the variables

considered are related to the independent variables

Eta-Squared analysis was used to estimate thet efize, being one of the most
popular in statistical analysis. Eta-Squared candbBned as the proportion of
variance or strength of influence associated witaazounted for by the independent
variable in ANOVA and MANOVA studies. Cohen (citéad [139]) classified effect
sizes into three - small (below 0.01), medium (.@6d large (above 0.14) [139].
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6.3.3 Interpretation of Statistical Analyses

Preliminary assumption testing was conducted toclchi®r normality, linearity,
univariate and multivariate outliers, homogeneityvariance-covariance matrices,
and multicollinearity, with no serious violationstad. The descriptive statistics for
the analyses was also cross-checked to confirm tbatect information was
analyzed.

6.4 INVESTIGATING THE DEPENDABILITY OF LOCATION

INFORMATION
For Figures 6.2 - 6.4, the A, B, and C notationstlogir x-axis represents Soweto,
Sandton and Johannesburg CBD environments reselctiffor instance, A_1
represents the first geographical location where aeas collected in the Soweto

environment.

6.4.1 Investigating the Accuracy of Location Information

A paired-sample t-test was conducted to evaluaeliffierence in accuracy predicted
and accuracy provided for survey data. It was disced that there was a statistically
significant decrease in predicted accuracy (M =7@0SD = 433.09) to lower bound
accuracy (M = 586.02, SD = 702.63). Eta-Squaretistita(0.04) indicated a small

effect size. This indicated that the differencewssn predicted accuracy and lower
bound accuracy is statistically small. However od&asng predicted accuracy and
upper bound accuracy, there was a statisticallyifsignt decrease in the accuracy
from predicted accuracy to upper bound accuracy-Sfuared statistic (0.28)

indicated a large effect size.

The descriptive statistics and relationship betwdka accuracy variables are
summarized in Table 6.2 and 6.3. The statisticélerdince between predicted
accuracy and upper bound accuracy is statistidalige and this is because the
lengths of the roads indicated in the predictediemxy given to the subscribers were
significantly long.
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Table 6.2 Descriptive statistics of accuracy variables (meters)

Mean Star?da_lrd Minimum | Maximum | Average
Deviation
Predicted accuracy 720.98 | 433.28 196.77 1310.78 666.01
Lower bound accuracy 586.02 | 702.63 75.77 1323.635 |535.81
Upper bound accuracy 2165.47| 2286.98 933 4411.28 2017.12

Table 6.3 Summary of the ANOVA analyses between the accuracy variables

Predicted accuracy to F Sig. Partial Eta Squared
Lower bound accuracy 5.967 .0005 0.04
Upper bound accuracy -19.248 .0005 0.28

The mean of lower bound accuracy is less than getliaccuracy but the standard
deviation is much greater. This revealed that thera significant variance in the
values of lower bound accuracy. Lower bound acgug@ovided by the location
providers gives a better picture of predicted amcyrbut the correct accuracy
provided, which is upper bound accuracy was sigaifily different from predicted
accuracy. The mean of predicted accuracy was atftiytlower bound accuracy was
586 and upper bound accuracy was 2166. Upper bactwracy is about three times
more than predicted accuracy. This implies thatiacaccuracy provided by the
location provider is 3 times more than the predicecuracy as observed from the

statistics analyses results in the previous papdgra

6.4.2 Investigating Accuracy of Location Information Basal On Some

Accuracy Defining Parameters

a. Location and environment
A multivariate analysis of variance was conductedexplore the impact of
environment on the accuracies predicted and prdvake measured by data
collected. From the analyses, there was a statlilstisignificant difference
between predicted accuracy, lower bound accuradyugper bound accuracy
as shown in Table 6.4. Figure 6.2 summarizes thennaecuracy provided at

the geographical locations where data were coliecte
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Table 6.4 Summary of the MANOVA analyses between the accuracy variables
Partial
Eta
Source Variable | Sum of Squares| df | Mean Square F Sig. | Squared
Environment | Predicted| 35435755 194 2| 17516376.099 116.324| .0001 200
accuracy
Lower
bound 10034381.679 2| 5017190.839 10.370| .0001 .022
accuracy
Upper
bound 66739944.57¢ 2| 33369972.28¢ 6.455| .0020 014
accuracy
Location Predicted| 54788454847 50| 1015769.097 7.207| .0001 289
accuracy
Lower
bound 76637034.289 50| 1532740.68¢ 3.525| .0001 .166
accuracy
Upper
bound 775691770.591 50| 15513835.417 3.337| .0001 159
accuracy
Time of day | Predicted 1371.640 1|  1371.640 .009| .923|  .000
accuracy
Lower
bound 2222538.35§ 1| 2222538.35§ 5.162| .023 .006
accuracy
Upper
bound 586872.623 1 586872.623 132 716 .000
accuracy

The analyses indicatetidre was statistically significant difference betwe
measurements taken at different environments aadctimbined accuracy.
From Table 6.4, it can be seen that the partialIepaared analysis represents
a large effect of about 20 percent for predictexlieacy, two percent for lower
bound accuracy and one percent for upper boundaogurhis indicates that
the environment where the measurements are takenlymaffects the
predicted accuracy. This might be because the gisztliaccuracy is directly
proportional to the cell size at each environm@&hie geographical locations
on the other hand have large effects on all theracy measurements - 29
percent for predicted accuracy, large effects opéitent and 16 percent for
lower bound accuracy and upper bound accuracy.
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Estimated Mean Accuracy(meters)

For a large percentage of the data collected, teeligted and provided

accuracy at the different geographical environmanits$ locations were quite

different.
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Figure6.2: Mean plot of accuracy for LBS request sent from different

geographical locations

Time of day/density of cell

MANOVA analysis was conducted to explore the impafctlensity of the cell
on accuracy at the locations where LBS requeste wade. The mean plots of
predicted accuracy, lower bound accuracy and uppend accuracy in the

morning and evening are shown in Figure 6.3 andd&sgectively.

There was no statistically significant differencetieen data collected in the
morning and night on all accuracy variables as showTlable 6.4. The partial
Eta-Squared was about 0.06 percent for lower baguliracy and less than

0.01 percent for predicted accuracy and upper bacodracy.
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Figure 6.3: Mean plot for accuracy taken in the morning at different geographical

locations
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Figure 6.4: Mean plot for accuracy taken in the evening at different geographical

locations

The density of the cell has minimal effect on tleeuaacy of LBS provided in
these analyses because once the MS is connectib@ BBS, the process of

position estimation is similar with either a heanyight traffic. There are some
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cases when the traffic is very high which leadsigher rate of call drops and
inability to access LBS applications. When this we¢ most times the MS
might not connect to the nearest BS but insteaantoBS from which it can

receive adequate signal from. This high trafficigetloccurred only about 7.2%
of the time when data was collected. Therefore dbenario that might be
presented during very high traffic periods is nallwepresented in the data

analyses presented.

6.5 CRITICALANALYSES OF EMPIRICAL INVESTIGATION

The accuracy provided is very different from accyrapredicted based on
environment, geographical location and time of déye dependability of location
information made available for LBS users was qlit® and hence the accuracy
predicted by the mobile location provider might betuseful and dependable to most
LBS users [16].This has a large effect on the ability of usersdépend on the
information made available by mobile location po®rsis.In an emergency situation,
if emergency location information is provided to BBS user where the accuracy
given by the LBS provider is based on the closest without considering the length
of the road, the ability to make reliable decisidressed on the LBS provided is
minimal. The inaccuracy is consistent for all eomiments and all locations
considered and this might be one of the reasons&$/are not a favourite among
many people. The best form of advertising whichHresn a satisfied LBS user to
another mobile user is impossible because custsatesfaction is quite minimal, if

not impossible.

Predicted accuracy, lower bound accuracy and uppend accuracy are not affected
by the cell density of the BS where LBS requestsraade. However, the reliability
of LBS (probability of receiving the location infoation requested from the location
providers) requests made on Provider 2's netwodkiced by about 5 percent and

about 2 percent of all requests made on the netimaike evening had to be repeated
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twice or thrice before there was a response from riobile location provider.

Providerl’s LBS responses were more reliable tirami&er2’s LBS response.

Although the LBS provided are inaccurate and undéable, they are relatively
reliable with about 94 percent reliability. This kea it a desirable service if the issue
of accuracy and dependability is improved.

Enhanced Cell-ID which was used for MS locationnegtion has accuracy as large
as its coverage. Even though measurements wdeeteal from urban and suburban
areas with cell size of typically between 500 m arkin for urban and 1 km — 5 km
in suburban areas (all divided by three for sez&atiantennas), the provided accuracy
was very different from the predicted accuracy \Wwhi the cell size of the serving
BS that the MS requesting LBS is connected to.

This can be better observed using descriptive ssitzdi presented in Table 6.5.
Average predicted accuracy for Johannesburg CBD 34&s Soweto was 924 and
Sandton was 628. These are distinctly different tbe three environments
considered. While average lower bound accuracy $mweto, Sandton and
Johannesburg CBD are 627, 617 and 307 respectavally average upper bound
accuracy are 2460, 2007 and 1714, respectively.

Additionally, from the data collected and analysemried out, it can also be
concluded that positioning algorithms are not thiy @ontributing source of error in
the provision of LBS in South Africa. The accuraayd precision of the data and
content delivered to the LBS user is also an ingrdrivariable to be considered. If
there were more precise and accurate spatial dataajor road closest to the
specified cell should be divided into smaller lo§susing junctions with other roads

or other major landmarks.

Another important issue to consider is that theringrBS the MS is connected to
might not be the BS closest to the MS but due lodemsity and multipath this might
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be the case. Therefore, practical LBS applicatibas can be deployed in the places
investigated are mobile yellow pages, localizedeatising and fleet management.

Table 6.5 Descriptive statistics of accuracy predicted and provided at different

environments (meters)

Soweto Sandton Johannesburg CBD

Min Max | Average | Min Max Average | Min Max Average

Predicted| 657 1310 | 924 510 749 628 196 547 345
accuracy

Lower 182 1323 | 627 145 1150 617 76 618 307
bound
accuracy

Upper 993 4412 | 2460 1191 3015 2007 933 2714 1714
bound
accuracy

6.6 CONCLUSION

LBS support location-based activities users araiatmembark on. A small error in
the accuracy predicted may turn out to make a Hdifjerence in the activity the
location information is applied to [16]. Failures iLBS translate to a failure in the
user being able to accomplish the activities th& Maere planned for. It is therefore
of utmost importance to consider the geographigeation and environment from
which the LBS request is made in the algorithmsdubg the mobile location
providers. Algorithms which calculate the predictecuracy need to be changed or

updated because it is significantly different frtma provided accuracy.

Furthermore, spatial data has to be updated andce mamte accurate in order to

improve the LBS presently offered to subscribers.

This chapter answers the second research sub-gue#tipresented the accuracy,
dependability and reliability of LBS provided in @b Africa through empirical

investigative research. From the results preseatedjracy of LBS provided in South
Africa is not high and hence not entirely dependalbhere is a need to investigate

the sources of error to improve the LBS accuradyer&fore the next chapter
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investigates the effect of error on the predictecligacy given by the mobile location

provider.

There is no published work on empirical investigatof LBS in South Africa as far
as the researcher is able to ascertain. This ahspédso an important contribution to
knowledge analysing and presenting results aboub 'Bade available to LBS

subscribers in South Africa.
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CHAPTER SEVEN

7 ANALYSING ERROR INTRODUCED TO NETWORK-BASED
POSITIONING AND LBS

7.1 INTRODUCTION

This chapter presents results of analyses caruetythe author when investigating
factors that affect the accuracy of network-baseslitipning techniques. The first
analyses was carried out on measurement data pedsenChapter Five (5) and the
second analyses was carried out on over-the-air @8td collected from a mobile
network provider in South Africa. Due to the agreementered into with the mobile

network operator its name will not be mentionethis thesis.

It was discovered from the previous chapter thatesanajor factors affecting LBS
accuracy are the geographical location, environmand cell size. Others include
geometry of the network where the LBS request wasleanand accuracy and

precision of spatial data stored in the database.

7.2 RELATED WORK

Sharp et al in [87] derived analytical relationslhiptween GDOP and positioning
systems and they were able to establish throughemadtical modelling the GDOP

of evenly distributed BSs with three possible lawad of the MS. The MS positions

are - on the circumference of same circle withBlSs, along radials of the BSs and
near a single BS. The GDOP derived from each smemadifferent. The research

however did not carry out any real-world analysésdd on different environments
and it was designed for short to medium-range artdod indoor locating systems.
It is also important to note that the analysis pnésd considered typically rectangular
or oval shaped BS arrangements.
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Similar works were carried out in [140] where thehmr assumed the conventional

hexagonal structure for the cell and the MS assutnetle at the centre of the

polygon.

Bronk and Stefanski in their paper discussed tHkience of geometry on the
positioning accuracy of wireless networks using FO@ethod for estimation [141].
They confirmed that bad geometry of BSs used foation estimation is the major
source of the inaccuracy of simulated results. Badmetry for location estimation
can be eliminated by using additional measuremeamdsby incorporating a different

type of positioning method if there are no measam@s

Chen et al also investigated the relationship betntee number of BSs, geometry of
the BSs and GDOP for TOA and TDOA positioning mehoThe number of BSs
used for location estimation does not necessaatgrchine the accuracy but instead
the GDOP coefficient of the geometry of BSs usecde&timation [142].

Lv, Liu and Hu carried out analyses on the inflleen geometry on GDOP in TOA
and AOA positioning systems [143]. They were aldeptove that GDOP changes
with distance/ edges of the geometry and the amigéerival of the radio signal and

more sensitivity is noticed when a new BS is pladeder to the target.

7.3 INVESTIGATING THE EFFECT OF SOME PARAMETERS ON
NETWORK-BASED POSITIONING USING LBS MEASURED DATA
This chapter investigates the effect of some param®m®n accuracy predicted by the
mobile location providers. This is because the igted accuracy is firstly, directly
related to the dependency of the LBS user to tleation information given;
secondly, can be varied and made more accurateeblyBS provider; and thirdly, it
is directly related to the accuracy of the positignmethod used. In addition, this
chapter clarifies the dependability of the accuratBS on the network parameters
without considering the error introduced by spatiata. Some part of this research
had been published in [134].

127



It should be noted that ANOVA analyses were ingadéd and presented in this
chapter. The basic descriptive statistics are ptedgein Table 7.1 and a summary of

ANOVA analyses and Eta-Squared analyses in TaBle 7.

Table 7.1: Summary of the descriptive statistics (meters)

IN | Mean | Standard Deviation

Environment

Soweto 396 924 509
Sandton 436 628 256
Johannesburg CBD | 106 345 304
Total 938 721 433
LBS Provider

LBS Provider 1 665 787 445
LBS Provider 2 273 560 354
Total 938 721 433
LBS reques

LBS 1 191 943 380
LBS 2 150 515 197
LBS 3 171 912 454
LBS 4 153 721 539
LBS 5 129 490 207
LBS 6 144 622 438
Total 938 721 433
Time of day

Morning 447 735 419
Evening 491 708 446
Total 938 721 433

ANOVA tests differences in means for the differagroups in variables under
consideration. It accomplishes this by analyzing thariance and statistical
significance is tested. If significant, the effeize is calculated [138], [139]. One-
way between groups ANOVA was used when there ismahependent variable which
has various groups (such as environment with Jadsiourg CBD, Soweto and
Sandton as groups) and one dependent continuoigblearOne-way ANOVA was
used for the analyses of type of environment, neolocation provider, and LBS
request for the predicted accuracy. The repeatedsunes analyses of variance
method was used for “time of day” independent \deidbecause data was collected

at the same locations at different times of the day
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Table 7.2: Summary of the ANOVA analyses

| Sum of Squares |df | F | Sig. | Partial Eta Squared
Environment
Between Groups 35133046 2 117 |.000] 0.18
Within Groups 140510604 936
LBS Providers
Between Groups 10036738 1 57 .0001] 0.05
Within Groups 165606912 937
LBS requests
Between Groups 30304354 5 39 .0001] 0.15
Within Groups 145339296 933
Time of day
Between Groups 174421 1 0.93 ] .335] 0.001
Within Groups 175469229 937
Geographical Locations
Between Groups 50838972 50 |7.23].000]0.26
Within Groups 124804679 888
Total 175643650 938

7.3.1 Environment

A one-way between-groups analysis of variance aeaslucted to explore the impact
of environment. From the analyses, there is asstatlly significant difference
between data collected from Soweto, Sandton andni@sburg CBD environment.
Figure 7.1 summarizes the mean accuracy providettheatyeographical locations

where data was collected.

1400 1
1200 A
1000 A
800 A
600 A
400 A

200 A

Estimated Mean Accuracy (meters)

0

Geographical location

Figure 7.1: Mean plot of accuracy for environments
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The ANOVA test reached statistical significance #mel differences in mean scores
were large, with Soweto, Sandton and JohannesbDR) laving mean accuracies of
396, 436 and 106, respectively. With a partial &tprared value of 0.18 as presented

in Table 7.2, 18 percent of the variance in acouisexplained by the environment.

7.3.2 Mobile Location Provider

There was statistically significant difference beém mobile location provider 1 and
mobile location provider 2 as shown in Figure Fm Table 7.1, it can be seen that
there is about 200m between mean accuracy proviedhe mobile location

providers.

The effect size, calculated using Eta-Squared, ®@@5. About five percent of the
variance in accuracy was explained by the locapooviders. This signifies that
mobile location providers have moderate effect ba &ccuracy. This might be
because the mobile operator with denser BS infretetre offers better accuracy. This
is shown in Figure 7.2.

1,600 1 — — LBS Provider 1
1,400 - | \ —— LBS Provider 2

1,200
1,000
800
600
400
200

Estimated Mean Accuracy (meters)

0

AN N A MINNONSTO0ONSTOOHAMINOG oM
SO G G G N~ I B R N e C R G G R G S

Geographical location

Figure7.2: Mean plot of accuracy for location providers
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7.3.3 Geographical location

There was a statistically significant differenceéwren the mean accuracies obtained
at all geographical locations where data was c@tecThe ANOVA test reached
statistical significance and the differences in mseores were significant. The effect
size, calculated using Eta-Squared, was 0.26 agrsloTable 7.2. This signifies that
26 percent of the variance in accuracy can be aguaby the actual geographical

locations. This is a relatively large effect on #oeuracy.

7.34 Type of LBS Request

There is a statistically significant difference weén various LBS requests made by
the users as shown by the Eta-Squared value ofi®.T&ble 7.2. From Figure 7.3 the

six LBS registered and requested gave differentnaeauracy. The largest difference
in mean accuracy given in the LBS request was a#00m and the smallest about
20m. The ANOVA test reached statistical significarand the differences in mean

scores were large as shown in Tables 7.1 and 7.2.
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LBS2_A
LBS4_A
LBS5_A
LBS6_A
LBS1_B
LBS2_B
LBS3_B
LBS4_B
LBS5_B
LBS1_C
LBS2_C
LBS3_C
LBS4_C
LBS5_C
LBS6_C

LBS request at different environments
Figure 7.3: Mean plot of accuracy for various LBS requests at environments under

consideration

This indicated that there is significant differerinethe LBS requests and about 15
percent of the variance in accuracy is explainedheytype of LBS request. This

signifies a large effect on accuracy. The diffeeeme accuracy given might be
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explained by some requests made across the matilork operators and also the

cell density available from the mobile network ayers.

7.3.5 Density of Cell

There was no statistically significant differencetiween morning and evening

measurements. From Table 7.1, it can be seen thah mccuracy between morning
and evening is relatively small. This is also retitgl in the Eta-Squared analyses in
Table 7.2. Only about 0.1 percent of the variamcadcuracy is accounted for by the
difference in time of day. Figure 7.4 shows figiually the mean plot for accuracy at
different times of the day based on survey datas hhight be indicative of the

number of subscribers on the network at the same ti
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Figure 7.4: Mean plot for accuracy showing time of day

From the analyses of data collected, time of dagsdwt affect the accuracy of LBS.
It affects its reliability instead. About 99 pertesf the failure rate recorded when
data was collected was recorded in the evenings hght be due to the fact that
when the network is saturated due to high usagadlyjile subscribers calls might be
rejected just like LBS request is rejected andptiieson requesting the LBS request is

requested to try again.
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7.4 CRITICALANALYSES OF THE EFFECT OF SOME ERROR

DEFINING PARAMETERS ON MEASUREMENT DATA
The objective of Section 7.2 of this chapter isstady the effect of some error
sources on accuracy predicted. Accuracy predicteth® mobile location provider
(which is the cell size of the sector antenna efgshrving BS) is affected by various
factors such as environment, geographical locatma type of LBS service

requested.

The geographical location from where the LBS retjwess made has the largest
impact on the mean accuracy followed by the enviremnt, the type of LBS request,
LBS providers and negligibly by time of day. Thendigy of the cell affects the

reliability more and has insignificant effect orethccuracy.

These error sources were statistically significambugh to be accounted for when
positioning. For improved LBS it is important toildusome of these considerations
into the positioning predicting algorithm employtedorovide improved accuracy and

dependability on location information by LBS users.

Having studied the impact of some error introducipgrameters, such as
geographical location, environment, type of LBS uexi to enhanced Cell-ID
positioning technique, it is also important to stuh important factor, the geometry
of the network which affects only RSS-based pasitig. RSS-based positioning is
affected by the geometry of the network because sorements for location
estimation are collected from three or more BSdifégrent locations relative to each
other and to the MS. The remaining part of this ptha presents empirical
investigations carried out on the effect of geosnatn RSS-based positioning

method.
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7.5 INVESTIGATING THE EFFECT OF GEOMETRY ON RSS-BASED
POSITIONING USING OVER-THE-AIR DATA

It is often mentioned in literature that geometfiees network-based positioning
using more than three BSs for location estimatib®, (6] but there are no known
published works providing evidence of this for giead network data. Therefore in
order to develop a model to investigate the fehiilof predicting the accuracy of
RSS-based positioning by making it geometry-awd#ne, effect of geometry on
accuracy has to be established. The remaininggbaitis chapter investigates the
effect geometry has on the accuracy of RSS-bassiliggong. Some part of these

analyses has been published in [144].

The geometry of the network in this case is theoldypattern of the MS whose

location is to be estimated and the BSs whose peteamare used for estimating the
location of the MS. The geometry of the network dam represented by an

interconnection of sides/edges and vertices, wtierevertices are the location of the
BSs and MS and the sides/edges are the distamrestie BSs and MS.

7.5.1 Preamble

This investigative research was carried out byah#or using simulations on drive
test data collected from a mobile network operdtbe drive test measurements were
collected from over-the-air GSM mobile network datathe Gauteng Province of
South Africa. Radio measurements were taken from tlifferent environments;
built-up urban areas and rural/suburban area Jaihfields and some hilly terrain.
The RSS measurements were collected at a MS ragesignals from fixed BSs with
known location coordinates. Some of the data c@teevhich is of importance in this
research includes; position of the MS as estimhye@PS used as the bench mark for
accuracy; RSS measurement of the serving BS arelghlvouring BSs as received
by the MS; and the coordinates of the BSs. Measemgsncollected from 65 BSs
were used. Four aforementioned RSS-based locatethaats (Chapter Two, Section
3.2.3(c), pages 60 - 65) were investigated to aeatize effect of distance between

the BSs and MS and distance between the BSs aactheacy of location estimation
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algorithms. The RSS-based location methods arer€ehGravity (COG), Centre of
Trilateration (COT), Least Square method (LS) amidhteration (TRI). These four
methods are used to investigate the effect geonmatsyon different types of RSS-

based geometric methods. Analyses carried out tv@hTRI method uses only RSS

measurements from three BSs for estimating thetitotaf the MS while the LS

method uses all the RSS measurements available.

a.

Correlation analyses

The aforementioned RSS-based geometric positicaliggyithms were used to
estimate the location of the MS, based on the RS&sorements and
coordinates of the serving BSs and neighbour B$®e. dstimated locations
derived from these methods are then subtracted fhantrue position of the
MS as estimated by the GPS. This is the “LocatiomrE for the positioning
algorithms. Two dimensional coordinate systems wayasidered and this

method can also easily be applied to a three diimealscoordinate system.

A mobile network as shown in Figures 7.5 and 7.thwwo types of distance
measurements being analysed designated as CaseafheCase Two.
Following the dashed lines in Figures 7.5 and &l assuming that at the star
symbol, the MS is connected to BS1, BS2, BS3, B854, BSb and BSc. BS1
is the serving BS. Where the MS is presently inuFég7.5, it can receive
signals from BS1, BS2, BS3, BS4, BS5, BS6 and B¥aVing further down
the path to the triangular symbol, it can receigmals from BS1, BS2, BS3,
BS4, BS5, BS6 and BSd. The MS positions algorithaese analyzed in
relation to its communication with a specific segyiBS as it moves along the
path. The serving BS remains constant and the beighBS changes as the

MS moves along.

Likewise for Figure 7.6, BS1 represents the senB§yand BS2, BS3, BS4,
BS5, BS6 and BS7 are the neighbour BSs that thesM@rrently connected to.
Distances from the MS to BS1, BS2, BS3, BS4, BS55 Bnd BS7 are denoted
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as di, d2, d3, d4, d5, d6 and d7 respectively.?,D3, D4, D5, D6 and D7
denote distances from BS1 to BS2, BS2 to BS3, BI334, BS4 to BS5, BS5
to BS6 and BS7 to BS1 respectively.

A standard Pearson product-moment correlation woeft analysis [139] was
carried out on the location errors on the aforemeert algorithms and the
specified distances. This was to determine theceffestance has on location
error which is directly related to the location @@xy. The analyses carried out
are explained in the steps below:

Step one Positioning methods aforementioned were used stimate the

location of MS.

Step twa Location error was calculated by subtractingnesated location of

the MS from their actual location.

Figure7.5: Case One
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Step three Actual distance of BSs to MS and BSs from eatteioas shown
in Figures 7.5 and 7.6 was calculated using knowwordinates of BSs and
GPS coordinates of the MS.

Step four. A Pearson Correlation analyses was carried owntyse how
well related location errors obtained are to distésnas described in Case One

and Case Two.

Step five Analyses were carried out on rural/suburban antaru

environments.

k7
%BSb BSc

Figure7.6: Case Two

7.5.2 Empirical Analyses and Result

“Pearson correlation coefficient analyses are usedlescribe the strength and
direction of the linear relationship between tworialles” [139]. Preliminary
analyses were performed to ensure no violatiorhefassumption of normality and

linearity.
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RSS measurements are highly affected by interferém¢he wireless environment.
Data used in the calculation of MS location usihg positioning algorithms are
collected from the mobile network. It is expectdwerefore that there are other
variables interfering with the output such as npaith and shadowing. This might be
why the curves on the graphs shown in Figures 7..46 are not smooth but they are

good enough to explain the relationships analyzed.

It should be noted that some of the correlatidati@nships as shown in Tables 7.3 -

7.6 are negative correlations. The positive or tiegaorrelation between variables
and absolute value of correlation coefficient iadés the strength of the correlation.
The negative values in the tables below have begmalized to show only the

strength of the correlation for the purpose of Fegur.7 — 7.10.

Error (actual location - estimated location) estedafrom the positioning algorithms
is directly proportional to accuracy obtained frahe algorithms as Root Mean
Square Error (RMSE). This is a widely used metoieevaluate the accuracy of the

location estimates [81].

n
1
RMSE = %Z Rms — xms)? + (Ims — yms)? SO
m=1

Where N is the number of location measurementsideres, [ys, us'| are the
estimated coordinates, \fx, yus]' are the true coordinates of the mobile station of

interestand4 m< n.

A strong correlation between location errors arstiasices show a high dependency of
the positioning algorithm on distances under caarsition. This in turn explains the
dependence of the accuracy obtained from the #tgorio the geometry/geometry of
the BSs relative to the MS, and relative to eadferotA weak correlation shows a
weak relationship between the geometry, and acguwédthe positioning algorithm

indicates a lower dependence.
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a. Rural analyses: Case One
The relationship between Case One and locationseiscsummarized in Table
7.3 and Figure 7.7. There is a strong correlatiemvben variable d4 and COG
location errors, medium correlation between d1l,add COG location errors
and small correlation between d3, d5, d6 and d7 @@d> location errors.
There is a small relationship between COT locagorors with d1 and d2,
medium correlation with d4 and a strong correlatwith d5. COT location

errors correlation with d3, d6 and d7 are very $mal

Table 7.3: Rural analyses: Case One

Distance| COG CoT LS TRI

di 0.46 -0.15 0.02 0.54

d2 0.41 -0.14 0.01 0.52

d3 -0.17 0.02 0.04 0.29

d4 0.98 -0.34 0.12 0.15

d5 -0.13 0.54 0.11 0.11

d6 0.13 0.03 0.12 0.12

d7 -0.13 -0.06 -0.06 0.22
= 1201 --e--COG
£ - .- COT
2 1.00 A /.“ —aA—1LS
S 0.80 - ——TRI
s
o
8 0.60 -
é 0.40
o
$ 0.20 -

0.00 .

Base stations (Rural)

Figure 7.7: Correlation analyses of location errorswith distances between the MS

and BSsin arural environment
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For example, consider the COG distance relationshipwn in Figure 7.7.
COG'’s accuracy is more dependent on distance batttveeMS and the third
BS than distances between the MS, and the firstB%®. It is least affected by
distances between the MS and BSs 5, 6 and 7.

There is a small correlation between variable d&#add d6 with LS location
errors, while the other distances have relativagy\small correlation with LS
location errors. A strong relationship exists betw@RI location errors with d1

and d2, medium correlation with small correlatioithvother distances.

Rural analyses: Case Two
Table 7.4 and Figure 7.8 summarize the correldigtween distances in Case 2
and location errors.

There is a strong correlation between variable B8 &0OG location errors,
medium correlation between D2 and COG locationreramd small correlation
between D4, D5, D6 and D7 and COG location errbrshould be noted that
some of the relationships are negative correlafidrere is a relatively small
relationship between D1 and COG location errorer&hs a small relationship
between COT location errors with D1 and D2, medaamelation with D4 and
a strong correlation with D5. COT location errowsrelation with D3, D6 and
D7 are very small.

Table 7.4: Rural analyses: Case Two

Distance| COG | COT LS TRI
D1 -0.03 | 0.04 -0.18 0.59
D2 0.34 0.11 0.00 0.06
D3 0.81 -0.28 0.17 0.23
D4 0.14 0.56 0.10 0.16
D5 0.13 0.33 0.15 0.14
D6 0.29 -0.18 0.10 0.11
D7 -0.12 | -0.11 -0.05 0.18

There is also a small correlation between varidbde D5 and D6 with LS

location errors, while the other distances havatingly very small correlation

140



with LS location errors. There is a strong relasioip between TRI location errors

with D1 and D2, medium correlation with small cdat®n with other distances.

. 1.20 1 --¢--COG
2 - a- COT
€ 1.00 - —a—LS
< ——TRI
S 0.80 1
©
2 0.60 1
@]
O
S 0.40 -
o
[3M]
$ 0.20 1

0.00 .

Base stations (Rural)

Figure 7.8: Correlation analyses of location errorswith distances between BSsin a

rural environment

The two cases studied in the rural environment gabtliat COG location errors
have the strongest relationship with distances khpoints to a higher
dependence on geometry of BSs and MS for its acgutiaan COT and LS
location errors. The two cases also show simi&witin correlation with the

distances especially d3 and d4 in Case One an®®and D5 in Case Two.

c. Urban analyses: Case One
The relationship between Case One and locationseiscsummarized in Table
7.5 and Figure 7.9. There is a strong correlatietwben all the distances and
COG location errors. There is a small relationdlepveen COT location errors
with d5 and d7, medium correlation with d4 and rargy correlation with d1

and d2. COT location errors correlations with d3ade very small.

There is also a small correlation between all dista with LS location errors

except d6 with a relatively low correlation coeiéict. On the other hand, there
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is a strong relationship between TRI location errwith all the distances
investigated in Case One.

Table 7.5: Urban analyses. Case One

Distance COG COoT LS TRI
di 0.92 -0.50 0.22 0.76
dz 0.93 -0.43 0.20 0.80
d3 0.58 -0.06 -0.13 0.84
da 1.00 -0.36 0.22 0.68
ds5 0.55 -0.12 0.28 0.45
a6 0.56 -0.03 0.01 0.67
d7 0.53 -0.18 0.11 0.43
. 1.20 --o--COG
€ 1.00 - o - - coT
> ®--—-—---- X ’,/ ‘\\ —a—IS
5 0.80- N ——TRI
K]
2 0.60 -
S | m--o__
§ 0.40 - .. .
—_ N\ -
§0.20- = —a N /(L/- "\'\\*'\' _a
‘T: z - _ \\ - .,; A
0.00 . . . . —
d1 d2 d3 d4 ds dé d7

Base stations (Urban)

Figure 7.9: Correlation analyses of location errorswith distances between the

MS and BSsin an urban environment

Urban analyses: Case Two

Table 7.6 summarizes the correlation between distann Case Two and
location errors which are shown in Figure 7.10.r€hs a strong correlation
between the variable D2, D3, D4 and D5 with COGatmn errors and small
correlation between D1, D7. There is also a sn&dditionship between COT

location errors with D2 and D5, and a strong relathip with other distances.

There is very small correlation between LS locagorors with D2 and D3, a
small correlation with D1, D5 and D6 and a strongelation with D4 and D7.
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Furthermore, there is a strong relationship betwERh location errors with
D2, D3 and D5, and small relationships with D1, D&,and D7.

Table 7.6: Urban analyses: Case Two

Distance | COG COoT LS TRI

D1 0.20 0.58 028 | 006

D2 0.77 0.28 0.03 0.79

D3 0.69 0.42 002 | 068

D4 0.53 037 0.47 0.01

D5 0.66 0.27 0.23 0.59

D6 0.14 0.45 029 | -0.03

D7 0.27 0.53 035 | -0.06
5 1.20 - . COG
€ 1.00 4 - &= COoT
z —a—1LS
S 0.80 -
3
2 0.60
o
O
S 0.40 -
9
®
$ 0.20 1

0.00 .

Base stations (Urban)

Figure 7.10: Correlation analyses of location errorswith distances between the BSs

in an urban environment

COG location errors also have the strongest reiahip with distances in urban
environment followed by COT with LS location errdmsing least affected. From
Figures 7.3 and 7.4, there was a correlation witadces especially d3 and d4 in
Case One and D2, D3, D4 and D5 in Case Two. larEig.9, location errors are
more correlated with the distances from the MSh® BSs than in Figure 7.10
which describes the BSs distance relationship wébh other. Additionally, it

can be seen that the distance of the MS to thea#8sts location errors more

than distances of BSs to each other.
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7.5.3 Critical Analyses of the Effect of Geometry on Netwrk-Based
Positioning

GDORP is the conventional method for geometry amgliys positioning methods as
shown in [85, 87, 142] just to mention a few. Itsnfirst used in GPS location
estimation analysis. The aforementioned papers praded the importance of
geometry consideration for more accurate MS loocatstimation. The analyses
presented here is different from the GDOP analy®sause it does not give a
geometric metric. Instead, it presents the efié@ach geometry variable; @hd D)

on accuracy for the location estimation algoritreoasidered.

From the analyses presented, it can be deducedebatetric positioning algorithms
applied to urban environments are relatively magpeathdent on the geometry of the
network where position measurements were colletted in rural environments.
This might be because BSs in urban environmentsare closely spaced than those

obtained in rural environments.

In general, comparing the two cases in both rural arban environments, the
distances in Case One had more correlation withtioc errors than the distances in
Case Two.

LS positioning algorithm is least affected by getmpan all cases and for all
environments considered but it also gave the wessimate of MS location from
previous works [145]. Even though it was least @#fd by the correlation
coefficients obtained in Tables 7.3 — 7.6, it isg&aenough to be considered. For
example in Table 7.6, looking at correlation betw&& location errors and D7 the
correlation coefficient is 0.35, which when squaredicates a 12.25 percent shared
variance. Distance between the BS1 and BS7 helpsdiain about 12 percent of the
variance in the effect of distance on LS locatimors [139].

The COG positioning algorithm has the strongestetation at distance d3 and D3 in

all cases studied except Urban Case Two where gt thva second strongest. This
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shows that distance between BS3 and MS and BS&®i8an important variable in

the accuracy obtained in COG positioning algorithm.

Varying correlation performance of all variablesnswered in rural and urban
environments show that geometry affects the pasitssror which is directly
proportional to accuracy provided by the positignialgorithm. Analyzing the
geometry of the BSs and introducing this into M®akion calculations might

improve the predictability of the accuracy of pmsitng algorithms.

It has been proved from the results presented geaimetry indeed affects the
accuracy of positioning algorithms and informat@amout the geometry should be
incorporated in the positioning algorithm for impeal accuracy. Although GDOP is a
more compact way of presenting the geometric neetfar location estimation

purposes, consideration should be given to spegdametric parameters for different
location estimation algorithms. This is becauser#iationship between the location

estimation algorithms and individual geometric paeters is different.

7.6 CONCLUSION

The Chapter answers research sub-question threat*\Afie the major sources of
error in network-based positioning technology?” rRrdhe result analyses, the
environment, geographical location and the mobédavork affects the accuracy of
Cell-ID positioning and network-based positionimggeneral (because they are all
dependent on measurements from the network). Unmfately, Cell-ID accuracy

prediction cannot be changed - it can only be ecéduas the mobile providers did by
using sectorized antennas. Other ways to improgetcuracy of Cell-ID which has
been proved in literature [15, 53, 69] is hybrid thoels using other network

measurements such as using timing advance and R8Surements.

Therefore the attention of the author was turnedéhtestigate ways of improving
RSS-based positioning methods by making them gegraetare, which might be

incorporated into the hybrid positioning methods iimproved accuracy. A GSM
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network was simulated an&SS-based positioning algorithm developed which
incorporates the geographical location, the wiekrsvironment and the geometry of

the network.

In conclusion, the major factors that affect netwbased positioning techniques as
presented are the wireless environment, mobile abpes network, propagation
model et cetera. The geometry of the network is atsimportant variable and should

not be neglected.
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CHAPTER EIGHT

8 ERROR-AWARE NETWORK-BASED POSITIONING

8.1 INTRODUCTION

Environment-aware positioning is the major type esfor-aware positioning in
literature which was investigated by [38] and adegpselective positioning by [14].
This chapter investigates the feasibility of applyierror-aware positioning to Cell-
ID, TA and RSS based positioning.

The first part of this chapter investigates thesilgdity of applying error-aware
positioning to Cell-ID with TA positioning. TA pd#ning was not investigated
separately because individually it can be quitecénsate. The latter part of the
chapter investigates RSS-based positioning.

The proof of the proposed concept was carried liatugh written suggestions and
software simulations. Gathering the over-the-atadar analyses took over one year
and consideration of many non-disclosure agreemdimis positioning for LBS is

handled by a third-party partner, the data andesdrby another and the application
and service is provided by a further partner. Is\lzerefore considered not feasible
for the set duration of this research to inveséghe proposed concept on the mobile

provider network.

8.2 RELATED WORKS

A recent work was presented on geometry awareifatan implemented for ad-hoc
networks in order to improve the accuracy of positig for sensor nodes [86] and
the geometry aware localization with grouping ghegéer results overall than those

without. The conventional hexagon cell system layeas used for the simulation.

Chu, Tseng and Feng carried out research throughlaiions on GDOP-assisted

location estimation algorithms for wireless netwsoik [146]. They concluded that
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the root mean square error was 250m less compauitbe two-step LS method. The
work fictitiously relocates the BSs in order to dmdtter geometric layout before
estimating the location of the MS.

Chen et al also investigated the relationship betntee number of BSs, geometry of
the BSs and GDOP. The number of BSs used for lmtatistimation does not

necessarily determine the accuracy but instea@P coefficient of the geometry

of BSs used for estimation [142].

8.3 FACTORS AFFECTING THE DEPENDABILITY OF CELL-ID

POSITIONING IN AFRICA
The ability to predict the accuracy of Cell-ID bdsgositioning in Africa with the
goal of making it more dependable to the subscribeguite challenging. This is
because the accuracy of location information preditdy Cell-ID based positioning
in Africa is based on many factors (some of thenetdready been mentioned in this
thesis). These factors include:

0 The cell size of the serving BS that the MS is @mted to.

o0 The mobile operator’'s mobile network, which depeadshe location of the
BS, BS parameters, geographical area, density sf &9 size, et cetera.

o The positioning algorithms were developed on alyeaxisting mobile
network infrastructure and software.

0 Many spatial data, maps and GIS solutions availablafrica are obsolete
and they are relatively inaccurate when comparett wiose in developed
countries due to lack of expertise, finances, @mtsthanges in infrastructure,
et cetera.

0 LBS development in Africa is built on imported LEB$plications, algorithms
and technological solutions from developed coustri€onsequently, the

applications made available to subscribers requadagptation.
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8.3.1 Improving the dependability of Cell-ID based methodin South Africa

From Figure 6.2, it can be seen that the depentabflthe location information for
emergency services and person locator serviceg esinanced Cell-ID is quite low.
There is therefore a need to make the locatiorrnmétion accuracy predicted by the
LBS provider more dependable. This can be achidwednaking sure that the

predicted accuracy is close enough to the actwairacy provided.
The error introduced can be reduced by:

o Providing Africa adapted software solutions, whete adapted to Africa’s
road network, mobile network, et cetera.

o Developing software solutions adapted to the unigaquirements of
positioning methods available for use.

0 GIS solutions to develop precise and accurate gé@spdata, maps and
geocode for Africa.

o Taking into account the length of the nearest magad to the serving BS the
MS is connected to. The road should be divideceadtinto sections by the
use of landmarks or intersections with other roads.

o Improving the accuracy of the Cell-ID positioningetinod using hybrid
methods. Spirito et al collected some over-thedata and simulated the Cell-
ID +TA and Cell-ID +TA + RSS and they concluded ttlithere was a
significant reduction in average error and maximemor; with Cell-ID + TA
+ RSS outperforming the other hybrid method [15, 53

It was inferred from this conclusion that an inatusof TA and RSS can make the
hybrid positioning accuracy better. An improvemienthe accuracy of the RSS-based
method will definitely improve the overall perforn@e of the hybrid positioning

algorithm. Therefore the author investigated tressitality of improving RSS-based

positioning by making it geometry-aware. This nowalestigative research into

geometry-aware RSS-based positioning hereby pesdewnts carried out by the

author.
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8.4 FEASIBILITY OF IMPROVING THE ACCURACY OF RSS-BASED
POSITIONING ALGORITHM BY MAKING IT GEOMETRY-AWARE

Effective analysis of the feasibility of improvinthe accuracy of RSS-based

positioning algorithms by making them geometry-mwvasing a neural network

model is covered in this section. The assumptioasarduring the simulation are

presented as the section unfolds.

8.4.1 Introduction

Practicable Cell-ID and TA methods are based onsd#rmwing BS that the MS is
connected to, while the RSS method is based onfR&Sthree or more BSs, i.e. the
serving BS and two or more neighbouring BSs. Theuacy provided by Cell-1D,

TA and RSS-based methods are dependent on manydamich as the wireless
environment, propagation model, measurement angutational error, cell size for
the aforementioned two and the geometry of the lmat®twork for the latter of the

three.

RSS-based positioning is very inaccurate in urbad luilt-up areas because of
multipath, diffraction, reflection, fading, et cete RSS method is more dependable in
few suburban environments with relatively flat &mnrand no high buildings, rural
environments and slums. Considering that the memaironment and slums are home
to the very poor and underprivileged in Africajgtan important environment and

suitable for RSS-based positioning or a hybrid nvay it.

The system simulated was modelled in two phasesd#tabase build-up phase and
the matching phase. The data build-up phase hatickebuild-up of the database
used for the accuracy prediction while the lattendies the matching of the model

geometry to the actual geometry and then the M&ilmt is estimated.

8.4.2 Simulation Tools
MATLAB (MATrix LABoratory) is a high performance gh-level language for
technical computation. It integrates programmingnputation and visualization in

an easy to use interactive environment. This rebeased MATLAB for modelling,
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computation, visualization (graphs), data analysesl algorithm development.
Microsoft Excel was used for data storage; data wegmorted to MATLAB (7.11.0
(R2010b)) for analyses and exported to Microsofcdtxfor storage. MATLAB
functions, mathematical operations, programmingpiics and data analyses were
used for the application development, neural ndtywand curve fitting toolboxes

were also utilized.

8.4.3 Database Build-up Phase
The database build up phase is a simulated mod#ieomobile network with the

geometry and MSs. The following components wereetied in this section:

Mobile network
Set positions of the MS

Wireless environment

0
0

0

o Position location system
o0 Geometry nonlinearities
o Database

0

Neural network error model

a. Mobile network
The mobile system modelled is seven-cell geomettly @ach cell having a BS
located at its centre and a cell radius of 15 —kB8b Each BS has a cell
coverage which is normally depicted in literatuseaaegular hexagon. The BSs
are at the centre of each cell and these wereateticby triangles and the cell
coverage by hexagons as shown in Figure 8.1. The @bered 1 — 7 for
BS1- BS7 respectively.

I. Overlapping coverage
BSs are normally arranged in the conventional nektiaath each cell having
a hexagonal coverage just touching each other, hwhg practically
inapplicable. Instead, a GSM MS can receive sigtrahgth from six BSs for

the purpose of handover and mobility. Thereforedtweventional hexagonal
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cell coverage was changed to circular which is napplicable. This allows
for overlapping of cells within a given geometry. gample of such

arrangement is shown in Figure 8.2.
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Figure 8.1: Conventional mobile network arrangements
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Figure 8.2: Mobile network geometry

Due to the regular hexagon adaptation of the egltsthe symmetrical nature
of the cell arrangements, the antenna charact=xiatiBS1 is a representative
of the values at other neighbouring BSs. All BSertaps each other in order
to also eliminate the need to consider the numibedBSs overlapping as a

parameter to be separately considered.
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ii. Network density
Only a single MS was considered at different lawatibecause the relationship
simulated is not dependent on the density of theor&. An omni-directional
antenna was assumed for the MS and also for the B&s simulation was
performed by assuming that the MS is the receiantenna and location
estimation is carried out in the MS. Furthermofemore than one MS was
considered, the neural network database becomdargmand will need a lot

of programming time and analyses.

iii. Number of base stations

The maximum number of BSs a basic MS can receiv€ R8m is six.
Consequently it was assumed that the maximum numibBSs from which
the MS can receive adequate receive signal levaitglof between 29 dBm
and -114 dBm according to GSM specifications [Aihce the area under
consideration was a rural area, another assumptade was that the MS can
receive adequate RSS from 6, 5, 4 and 3BSs. Lessttitree BSs was not
considered because RSS will not provide an estimaif the location of the
MS and then Cell —ID with TA will give a better aracy. As mentioned
earlier BSs 2 - 6 have decreasing proximity (diséano the serving BS.

b.  Set positions of the MS
In Figure 8.3, the MS was assumed to move in azbotal line with MS in a
start position. The start position(s) of the MS &5, 0) and the final position
was (0, 0). The MS under consideration moves inpath indicated by the

arrow in Figure 8.3.

In Figure 8.3, each point where analysis was matih was where the true
MS location was, is indicated by a small squarely@nfew location points
were considered for the purpose of analyses anphma illustrations. This

will enable better understanding of the analyse$ @mhance comprehensive
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result presentation. Because of the symmetricalreaif the model geometry,

the MS was moved through half of the geometry.
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Figure 8.3: Simulated movements of MS

Environment
The distance dependent fading was modelled asaé/swburban prediction by
the Okumura Hata path loss model for open areauml rarea prediction

previously presented in Chapter Two (2) sections? page 45.

The path loss model was used to estimate the avesxgived power of the
transmitted signal at the MS. Keeping all otherapagters constant, the
received signal strength changes with distanceafyy environment under
consideration based on the path loss model useth We cell size, the
Okumura Hata model was used to calculate estimatgdal strength at

distances where the MS is located.

Location methods
The Geometric methods used for these analyseshareCéntre of Gravity,

Centre of Trilateration, Trilateration and Leastu&as algorithms. These afore-
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mentioned RSS-based algorithms were further exgdim Chapter Three
Section 3.2.3.

Geometry nonlinearities

Considering the fact that the theoretical mobileéwoek arrangement is
different from the physical network arrangement atidhe possible locations
of each BS cannot be simulated, provision for madrity was provided and

simulated.

i. Each model BS has four quadrants, as shown in &igur. The relationship
between each model BS and the actual BS matchéditware defined by
Equations 8.1 — 8.4.
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Figure 8.4: Some BSs showing the quadrants

e Quadrantl: When the actual BS is in quadrantl:
x(ABS)i1, y(ABS)i1 = (x(MBS)i1 - X1, y(MBS)i1 + y1) .. 8.1

e Quadrant2: When the actual BS is in quadrant2:
X(ABS)i2, y(ABS)i2 = (X(MBS)iz - X2, y(MBS)i2 + Y2) .82

e Quadrant3: When the actual BS is in quadrant3
x(ABS)i3, y(ABS)iz = (x(MBS)i3 - Xi3, y(MBS)is + y3) ... 8.3

* Quadrant4: When the actual BS is in quadrant4
X(ABS)i4, y(ABS)is = (x(MBS)i4 - X4, y(MBS)ia + ya) ...8.4
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Where Xues)ik,Ymes)ik iS the position of thd"imodel geometry BS in the
k™ quadrant and Xss).« ,Y(ass)ik is the position of the"i actual geometry
BS in the K' quadrant xxis the deviation of the actual BS from the model
BS in the x direction whilgy is the deviation of the actual BS from the
model BS in the y direction in th&'lquadrant, k=1 ... 4.
In each quadrant, there are grids of coordinatashwthe actual BS can be
matched to.
Considering the grid of coordinates available foe tactual BSs to be
matched to the model BSs, for each BS with 4 qudsyanly one can be
chosen at a time. Using the permutation withouétiipn formula, where n

is the number of things to choose from and r ofrtli®chosen ;

n! 4 _4_,
m ) 4 D 3

If the actual BS pgs)i, Xass) does not fit both model coordinates gieX);

.. 85

Yws)i, then a quadrant is chosen which best matchandlle! coordinate.

Also, when there are measurements from many of B&snutation with
repetition formula is used to estimate the numbiezrombinations possible;
n". When three actual BSs are considered for MS ipagiiy, there are %=
64 quadrant combinations, i.e. B&hd B$ and BS. If the actual BS fits the
model BSs with the exception of two, then the nundfeeombinations is 48
(4% + # + # =16 + 16 +16) i.e. BSand B$ or BS,and BS or BS, and BS.

If the actual BS fits the model BSs with the exaapof one, then there are
12 combinations (4 + 4 + 4) i.e. B6r BS, or BS. Where subscripts a, b

and c represents the actual serving BS1, actualadB82BS3 respectively.

. Total number of quadrant combination options cogrgd is 64 + 48 + 12 =

124. It should be noted that for each option, theme 10 likely positions
(grids) of the model BS in each quadrant under icenation.
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v. The serving BS for the actual geometry and modelngdry always fits
because they are both used as the reference catedor the BSs and MS

coordinates.

f. Built-up Database
The data captured from the build-up phase includes:

» Set positions of the BSs.

e True positions of the MS as it moves across theort

« Distance between all BSs and the MS locations m®wes through the
network.

» Estimated RSS of the MS at each location relatvaltBSs.

» Calculated positions of the MS as estimated by ggoopositioning
methods considered (Centre of Gravity, Centre té&f&ration,
Trilateration and Least Squares algorithms).

* Calculated location error derived from the diffezerbetween the MS true

locations and its estimated locations.

g. Neural Network error model
An artificial neural networKANN) is a data processing system that is inspired
and roughly modeled after the massively parallaicstire of the brain. It
consists of simple, individual, highly interconrett processing elements
called the artificial neurons [147, 148].

The inputs considered for the training of the nenswork were those that
define the geometry of the network. These are tb@amces between the MS
and each BS used to estimate the position of thenMi& the output is the
error estimated from MS position estimations wittire simulated cellular
network. The more the data simulated the betteaticeracy of the model and

the longer the learning time.
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Several simulations were ran with different numloérsamples/data and
varying percentages for the training, validationl aest data. For the results
presented in this thesis, 10,000 samples were ademesl. 60% of the samples
were used for training the network, 20% for meagyrietwork generalization
in order stop the training if it is not improvinghe remaining 20% was used
to test the accuracy of the network. The samples wWeen scaled linearly and
normalized to give each input equal importance #@rdoptimal network

performance.

The steps taken for the design of the neural nétigas suggested in [147]
and [148]. A feedforward NN three layered systens wasigned with input,
hidden and output layers. The input layer has 6orexj the hidden and output
layers have twenty neurons and one neuron respéctivihe number of the
input and output neurons were determined by thereaidf the problem while
the number of hidden neurons was determined byrempetation. Increasing

the number of hidden layers did not produce a betigput.

The feedforward network was trained with the LewgbMarquardt
backpropagation training function. The hyperbobndent sigmoid transfer
function was used for the neurons at the hiddearlahile a linear transfer
function was utilized for the neurons at the outfayer. The Levenberg-
Marquardt algorithm was used because it was relgtifast and gives a good
output though it uses a lot of memory space dutmagiing. The neuron

activation functions were determined by experimiota

Different training strategies were investigatedhs@as basic batch training,
gradient descent training and the gradient deseght momentum training
methods. The last two training methods were muotvesi and did not give
significant improvement to the performance of tleenal network. Therefore,

the batch training method was used for the simutgbresented in this thesis.
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h.

The mean squared error indicative of the perforraafdhe network was set
to 0.1. When the validation test was carried out tlee four geometric
positioning methods considered, the average squareat between the

network output and the target output when testew &k lower than 0.001.

Neural network was considered to be the best mefbiothis aspect of the
research because it is able to handle nonlinemsitléch might be introduced

from the geometry matching. Furthermore, it hasdhability to recall the
pattern learnt.

Other Parameters
As the MS moves, the distance between the MS aadB8s changes. The
RSS is directly related to the distances as showBduation 3.17. Since the
relationship between distance and position erraofisnajor interest in this

research, all other input parameters were kepttanhand only the MS was
moved through a predefined path.

8.4.4 Matching Phase

This section of the simulation handles the matctand nonlinearities arising from

the matching of the model geometry with the acmmbmetry. This phase of the
model has the following components:

o O o o

Geometry coordinate transformation,
Geometry matching and comparison,
Neural network matching and learning, and

Neural network system inference.

Geometry coordinate transformation

The longitudes, latitude, altitude (LLA) system adordinates are the most
commonly used today and commonly used to store dowates in
communication systems. Therefore there is a neddatsform the GPS data
(geodetic data) in LLA form to a form which can beged for local ranging,
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bearing measurement and positioning. When the legicns are completed, the
results are then converted back to GPS coordifategs).

In South Africa, World Geodetic System 1984 (WGS&4)form of LLA
coordinate system) is utilized for the determinmatend storage of locations
near the surface of the earth. Consequently, therdotates needed for
positioning which are in the WGS84 frame are tramsgd to a Cartesian frame
with origin on the surface of the earth. The Caategrame has its horizontal
axes oriented along the east, north and the vedigs pointing up (ENU). The
local ENU coordinates are formed from a plane tahge the earth’s surface
fixed to a specific location. The specific locatimnthis analysis is the serving
BS coordinates. The transformation has to be choig in phases as shown in
Figure 8.5. The geodetic coordinates are first sfi@med to Earth-based

coordinates and then to navigational coordinates.

Geodetic (GPS) Earth-based
coordinate coordinate
latitude, longitude <:> [ X, Y, Z ]
and altitude (LLA)
. ‘| LLAtoX,Y,Z Earth-centred
WSG84 Earth-fixed

K coordinate fram(y kcoordinate fram /
- N

{ Navigational }

coordinate

T

Local ENU reference

K coordinate frame /

Figure 8.5 Coordinates transformation from LLAto X,y ,z

X, Y, Ztox,Yy, z
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Step 1: GPS coordinate in WGS84 coordinate frame.
The BS coordinates of the actual geometry are edteto the system.

Step 2: Conversion of WGS84 coordinate, \, h) to Earth-based coordinate (X,
Y, Z)

The geometry’s coordinates are converted from geodiata to Earth-Centred
Earth-Fixed (ECEF), which is the conventional Csige coordinate system and

has its origin at the centre of the earth. FigBu@ shows diagrammatically the

relationship between Cartesian ECEF and geodetfcddordinates.

The transformation from LLA to ECEF, is given byuzdjon 8.6:

X (N + h)cosgpcosi
Y|=| (N+h)cosgsini ...8.6
VA (N(1—e®)+ h)sing

Where,$ is the latitude) is the longitude, h is the height above ellipsnidchetres

and N is the radius of curvature also in metremeédfas:

N=a/\1—e?%sin¢
The reference ellipsoid parameters for WGS84 arerngas;

Ellipsoid semi-major axis (a) = 6378137.0 m
Ellipsoid semi-minor axis (b) = a(1-f) =6356752n
Ellipsoid flattening (f) = 1/298.25722 m
Earth’s first eccentricity (e) 5/(a? — b%/a?)
Earth’s first eccentricity (e) 5/ (a? — b%/b?)

While, the closed formula set for the transformatimm ECEF to LLA is given as;

A =arctanY/X ..8.7
... 8.8

@ = arctan ((Z + e"*bsin36)/(p + e?acos*6))
.. 89

h= (p/cosp) — N
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Wherep = VX? + Y2 andf = arctan Za/pb

(X,Y, 2)

Prime
Meridian

Figure 8.6 Relationship between Cartesian ECEF and geodetic LLA coordinate

frames

Step 3: Conversion of Earth-based coordinate to Navigaticoordinate

The ECEF coordinates are then transformed to Baat, North, Up (ENU) Cartesian
coordinate system which is far more intuitive amdcfical than ECEF or Geodetic
coordinates in many targeting, positioning andKireg applications. The relationship
between ENU and ECEF coordinate frame is shownigaré 8.7. The ENU was
calculated with a reference position relative t® éimalyses to be carried out. All other
coordinates are measured relative to the referposéion. The reference position
used for this research as previously highlighted e serving BS. This is because
the serving BS was simulated to be at the centrgeoimetry as indicated in the

model geometry in Figure 8.1.

Given the elementary rotation defined by EquatiobO8the transformation from
ECEF (X, Y, Z) to ENU (X, y, z) is given by Equatid.11. The transformation
requires a reference point as previously statedesspd in ECEF, which is denoted
by (X, Y\, Z) and this will serve as the origin of the ENU flam
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—sin i cosA 0
R, = |—singpcosA —singsind cose 810
cospcosd  cosgsind  sing B

Z
4 North (y)
Up (2)
Prime Keridia
East (x)
Equato e I > Y

Figure 8.7: Relationship between ENU and ECEF coordinate frames

X X - X,
y] =R, |Y-Y,
[Z 7-7. ...8.11

The ENU (x, y, z) to ECEF (X, Y, Z) transformatigngiven by Equation 8.12.

X X X,
Y|= RY [y]+ Y,
p 2|z ...8.12

b. Geometry matching and comparison

There were two model geometries which the actuaingdry was compared to.

The geometry arrangement shown in Figure 8.1 ardsdtond geometry is

exactly like it but with an inverted orientatiorh¢t hexagons are vertical) as

shown in Figure 8.8.

After the geometry transformation, the actual geoyne@as compared to the

model geometry to get some important variables sisch
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The three closest BSs to the MS based on the R&8$sas (RSS is directly
proportional to distance).

ii. The actual coordinates were compared to both momtdinates to get the

best match by following these steps:

x (km)

y (km)

Figure 8.8: Inverted mobile network arrangements

* The serving BS coordinates is a fit because theyath at 0, O.

* The size of the model geometry was estimated frbe dverage
distance (AveDist) between the serving BS and theroBSs in the
actual geometry.

* The model geometry was varied between AveDist/1d AreDist*2
in AveDist/10 spacing to get the best fit. For eptamif the AveDist =
5 km, the distance between the model BSs would fstan 0.5km to
10 km in spaces of 0.5 km.

* The number of actual BSs that best fits the mod&s ®Rithin a 5 km
radius was analysed.

» the best fit between the two-model geometry was #realysed by:

o Checking the number (n) of actual BSs which fits &ach
model BS tested. It should bee3n< 6.
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o Checking if the actual BSs that fit the model B$s ot in a
straight line. If they are all in a straight liqggsitioning cannot
be calculated.

o Check if the actual BSs are sectors BSs locatedsame
coordinate.

« the F'three actual neighbour BSs coordinates are tbewpared with
the model BSs and if it does not fit, then:

o The quadrant the actual BS falls in with referetacthe model
BS under consideration was estimated.

0 The grid within the quadrant which the actual Bibifawas

then estimated also.

Neural network matching

Neural network was used for clustering, classiimatand learning of the
dynamics of the system. Neural network matching alas carried out using
the variables from the geometry comparison, quadigstion and grid

estimations.
The input into the neural network system for matgthincludes:

i. Geometry arrangements, i.e. if the model is 1, 24,3, 6 but the actual BS
matching it is in the form 1, 3, 4, 5, 6 considgrihe distance between the
MS and BSs.

ii. The quadrant option for each BS or if there is none

iii. The grid each actual BS falls into when considetimg closest matching
model BS.

Neural network system inference
The neural network inference system uses the abgwéts to estimate the

expected error locating a MS at a particular ggaigal location.

The output inferred from the system includes:
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i. A neural network recall of the error based on tistesn geometry to the
nearest possible match.
ii. A confidence interval based on the difference obetbetween the model

geometry and the actual geometry.

8.4.5 Flowchart of Simulated System

Figures 8.9 and 8.10 show flow charts of the sitedlasystem used to model the
error from the mobile network match and predicten®r of a MS position based on
the distance from the MS to the BSs it is connedtecand their geographical
locations. That is the build-up and the matchinggas.

Start

A

Input coordinates of
actual geometry

y

Geometry coordinate
transformation

Model Geometry

A
Geometry matching

A

Neural network system
Inference

Neural network

y
Predicted error

A
Stop

Figure 8.9: Flowchart of the matching phase
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Start

A

Load geometry of the
cellular network

A

Calculate
* location of the MS

« calculated MS location

» calculated Distance
between MS and BSs

» distance between
the MS and the BSs

!

Calculate
* RSS based on Okumur
Hata’s rural model
» Use the RSS to
calculate distance
between MS and BS

'

Estimate the location
of the MS based on
the positioning

Neural network

A 4

algorithms under
consideration

A
Estimate the error of

» Actual MS location
» Actual Distance
between MS and BSs

the positioning
algorithms

A

v
Build the Neural

network system <

A
Stop

Figure 8.10: Flowchart of the build-up phase
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8.5 RESULTS
The results from the simulation carried out on thEometry-aware RSS-based

analyses are presented in this section.

8.5.1 Relationship between Size of Mobile Network Geomegrand Positioning
Error

The size of the geometry of each mobile network tha MS is connected to is
different. Consequently to avoid simulating the iposing error model for each
geometry size, it is necessary to obtain the ighip between geometry size and
positioning error. The relationship between the udated absolute error and the
positioning methods under consideration is showAgpendix D, Figures D1 — D4,
pages 210 - 211. Due to the fact that the absgbotgtioning error is directly
proportional to the distance, there is a multipdyifactor which is constant for all
geometry sizes. The positioning methods chosen weetest the feasibility of the

method proposed. Other positioning methods carskd to implement these studies.

The basic relationship between the error obtaimecdh fsimulating the positioning
method and the simulated geometry (presented aavérage distance between two
BSs) are presented as Equations 8.13 - 8.16. Evétgn, the error increases in
multiples as shown in Table 8.1. Note that the lertg side is the parameter that was
used to describe the hexagon size. In addition|ahgth of the side of the hexagon
was estimated as the average distance betweenSallfBm which the MS can

receive a signal.

Ycog = 980x + 11000 ...8.13
Yis = —34x+ 370 ... 8.14
Ycor = —830x + 14000 ...8.15
yrrr = 0.0081x% — 0.26x> + 3x* — 14x3 + 29x% — 54x + 180 ... 8.16
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Table 8.1: Relationship between geometry size and absolute error of positioning

method
Average distance between two |
5 krr 10 knr 15 knr 20 knr 25 kmr
Ycoc* 1 Ycoe™* 2 Ycoc* 3 Ycoc* 4 Ycoc* O
yis*1 Yis* 2 Yis*3 yis* 4 Yis*5
Yeor* 1 Ycor * 2 Ycor * 3 Ycor* 4 Ycor* O
yrri ¥ 1 Yrri * 2 Yrri * 3 Yrri * 4 Yrri * 5

8.5.2 Results Based on Simulated Data
Data was simulated to test the accuracy predictmadel for the RSS-based
positioning method developed. There were eight Eitad geometries in their local

coordinate form and referenced to the serving BS.

With at least 3 actual BSs within 5 km of any ottlteee model BSs the model is able
to predict its accuracy. If there are more tharfo8,example 6 matching BSs, the
model predicts its accuracy based on 3, 4, 5 aBb& The simulated geometries
were first matched with the model geometries asvehio Appendix D (Figures D.5

— D.20, pages 212 - 219) and accuracy estimatedyube neural network model.
Figures 8.11 — 8.19 shows the difference betweenestimated accuracy and the

predicted accuracy, with confidence intervals shawrror bars.

a. Three base stations analyses
When the MS receive signals from only three BSe, M can be estimated
with all the positioning methods considered. FiguB1l — 8.13 show the
estimated accuracy predicted. LS and TRI positgmrethods have the same
results when only 3 BSs are used for positionirtys Ts because they use the
same concept fundamentally to estimate locationah® TRI gave the worst

prediction accuracy with simulated geometry eight.

The major reason might be because the MS is furfhes the serving BS in
simulated geometry eight. COT gave the worst ptexglicaccuracy with
simulated geometry four and COG with simulated getoynthree. Although
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COG did not give the worst results with simulatexbmetry four, it has the
largest confidence interval with simulated geométryr. This might be because
simulated geometry four has the largest averagardie between the MS and

the 3 BSs used for positioning.
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Figure 8.11: Prediction accuracy when LS method isused for MS location
estimation with MSreceiving signal from 3BSs
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Figure 8.12: Prediction accuracy when COT method isused for MS location
estimation with MSreceiving signal from 3BSs
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Figure 8.13: Prediction accuracy when COG method is used for MS location
estimation with MSreceiving signal from 3BSs
Overall, the prediction model was able to predice taccuracy of the
positioning methods for simulated geometry one, &nd six relatively more
accurately. The total deviation from the simulateturacy is 4.3 km for
COG, 5.62 km for COT and 2.15 km for LS and TRIiposing methods.

Four base stations analyses

With four BSs, the average confidence interval@G&@G improved to about 1.7
km though the average deviation from the estimatddes increased to about
10.53 km. The confidence interval for the LS methexhained relatively close
to the previous at about 2.3 km but the total demiaincreased to 2.3 km.

Figures 8.14 and 7.15 show the results presented.

Five base stations analyses

When considering estimation with 5BSs, both theab COG have the lowest
confidence interval of 0.69 and 0.98 respectiv@&lyis might be because the
BSs were positioned in such a way as to optimize lttation estimation,

although COG method gave the highest deviationbaiut15.21 km. COG
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method was relatively constant but gave a wideatian of confidence as
shown in Figure 8.17.
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Figure 8.14: Prediction accuracy when LS method isused for MSlocation

estimation with MSreceiving signal from 4BSs
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Figure 8.15: Prediction accuracy when COG method is used for MS location
estimation with MSreceiving signal from 4BSs
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Figure 8.16: Prediction accuracy when LS method isused for MSlocation
estimation with MSreceiving signal from 5BSs
Six base stations analyses
COT and LS gave the worst confidence interval whstimation was carried
out using 6 BSs with 7.84 km and 2.72 km respelstiiéhe error was 5.92 km
for COG and 2.19 km for LS. As shown in Figures38ahd 8.19
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Figure 8.17: Prediction accuracy when COG method is used for MS location
estimation with MSreceiving signal from 5BSs
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8.5.3 Results based on Field Data
The results of analyses presented in this sectbased on field data
collected over-the-air for the mobile network dgrimdrive test to analyse the

effectiveness of the proposed method.

a. Mobile geometries considered
The over-the-air data available from the Mobile @pa& were only for urban
and suburban areas. This is because drive tesitisanried out in rural areas
because of the cost of data collection and analydesARPU in rural areas is
relatively low compared to urban and suburban ar€ae model was tested

against eight (8) geometries in a suburban molete/ork.

The World Geodetic coordinates were given and these converted to Earth
Centred Earth Fixed and the local coordinates. diberial representations of

the coordinates are as shown in Figures D.22 —.D.36
The shortfall of using a suburban mobile networtadeas that:

0 The RSS values are more distorted because of ratlitip

0 There are little or no omni-directional antennaerdifore the sector
antennas might have one or two neighbour BSs asdh&e geographical
location.

o Does not obey the hexagon mobile network planréference model.

0 Average distance between BSs is about 1.5 km tm Zd&mpared to rural
areas which is about 26 km — 52 km and typical gedou areas with cell

size of about 5 km.

8.6 CRITICALANALYSES OF RESULTS

The coordinates of the simulated geometries wematched by the model geometry
and the accuracy of the MS predicted as shown peAgdix D, Figures D.5 — D.20,
pages 212 - 219. Unfortunately, from results shawhigures 8.11 — 8.19 there are

175



many different factors that affect the geometryhaf BSs in relation to the accuracy

of MS location estimation.

Though the simulated geometries were matched amliraxy predicted, the
dependability of the results is low and widely dse Each geometry has a different
accuracy and hence a different predictability aepeshdency. Therefore reliability of

the information might not be the best for LBS users

Considering the field geometries, there were nedl8Ss which are a match with
model BSs considering the model geometry. Even idering the provision for
nonlinearities introduced into the modelling of tB&s such as the quadrants, the
nonlinearities of actual geometries consideredrditl match any of the provisions.
Critically analysing the results, five major isswe discussed which might explain

the results.

8.6.1 Multipath Effects and Geometry

Geometry found on each GSM network is uniquelyedédht. The difference is not
only in terms of cell size and varying distancewsstn each BS on the network but
also the fact that geometry is formed based onBfe from which the MS can
receive adequate signal strength from. Gettinga gmough geometry can be very
challenging because the MS might not be connecte¢tie¢ BSs nearest to it due to
multipath. Multipath causes the signals to be ddted, reflected and refracted so that
some signals from very far BSs are considered #ttn the signals from closer
BSs.

8.6.2 Geometries on a Practical Network versus Convential Geometries

The conventional geometry is in the form of a hexawith the serving BS at the
middle and the neighbour BSs surrounding it. Taignfortunately not the same with
the arrangement in practice. In practice, geomitryniquely different and even
though the model geometry used for this researslth@provision for nonlinearities,
it cannot match well enough from the results thalinearities encountered on a

practical GSM network.
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On a practical GSM network, the BSs are unevenfcseg depending on the density
of people within a given area, the ARPU expectedhfthe area, the type of services
offered, topography, et cetera. Consequently, tisearmce between BS1 and BS2
might be very different from the distance betwdsnterving BS and BS1 and so on.
The average distance was the parameter used toaéstthe cell size of the model
matching geometry. This implies that the matchiegrgetry might only match some

BSs appropriately while other BSs will fall outtbe coverage area.

8.6.3 The Matching Method

Each arrangement for the matched BSs is diffefent.example, the model BS is
ordered in a particular fashion, with thé' heighbour, # neighbour,... ,
neighbour as shown in Figure 8.2. The actual BSghtmot be arranged in the same
way which results in the inaccuracy of the predictecuracy. The only way to
combat this is to have a database for each possittengement of the model
geometry. Given the fact that building the datab&smethe single arrangement
implemented took about 50 hours on a high powerdpacter, covering all the
different arrangements will make the program buidand matching phases much
longer. This will probably have little or no effeah the overall result of the research

work.

8.6.4 RSS-based Positioning Methods for Rural Areas

In rural areas where the settlements are sparpabies and the density of subscribers
small, mobile operators have large set up omnitloeal BSs. This implies that most
settlements might only receive adequate signals fust a single BS. This reception
might only be possible when they are at a particldeation, probably an elevated
plane. The ability to receive adequate signals frimee BSs for RSS-based

positioning is thus minimal.

8.6.5 GDOP Assisted Location Estimation Algorithms
An alternative to the model matching to improve #teuracy of location estimation

is using the GDOP coefficient. Some work has besmied out on improving the
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accuracy of geometric location estimation by the osGDOP for TOA and TDOA
estimation methods but non for RSS-based MS lotadéistimation as far as the

researcher can ascertain.

8.6.6 Practical Implementation

For a practical implementation of the proposed geoyraware RSS-based
positioning, geometry might require its own accyrpeediction model. This is due to
the fact that geometry is uniquely different. Thisl require a lot of manpower, a
high powered computer and a large database whidtesnthe proposed method
closer to the requirement for fingerprinting oralzse correlation methods. Though
the proposed method is as tasking as the fingempgirmethod, it will not be as
accurate because it is based on geometric metRodgerprinting will definitely be a

better option to use.

8.7 CONCLUSION

It has been confirmed that the error variablesrateed dynamically varying and the
accuracy is dependent on every one of the varidbleferent forms. Single LBS
provided to a MS has an entirely different relasioip with the error sources and no
two MSs have exactly the same scenario. Therefiois challenging to build a
geometry-aware model for a generic case. Eventistgtal model will have widely

varying variables and might prove unsuccessful.

It is possible to improve the accuracy of the atgans by making them environment-
aware and by improving the location informationretb and maintained by the
appropriate bodies. It is, however, not feasiblemtake the RSS-based algorithm
geometry-aware using an artificial neural networiulfi-layer perceptron) due to the
varying effects the distance between the MS andd@@ghe distance relative to each

BS have on each other.

This Chapter answers the research sub-questiorflfv@ model feasible and robust

enough to tackle the nonlinearities and uncersntf its dynamically varying
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parameters?” From the analysis carried out ancepted, it is not feasible to make a
generic geometry-aware model or generic error-awareel using an artificial neural
network (multi-layer perceptron) to improve the @ecy of RSS-based positioning

methods.
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CHAPTER NINE

9 CONCLUSIONS AND RECOMMENDATION

9.1 INTRODUCTION

The evolution of mobile networks over the past ¢hdecades has been phenomenal,
from first generation (1G) analogue networks to G8M in the 1990s. Africa,
although a new player in the field, is hoping toness all services available on the
network for the use of its subscribers. LBS is ohesuch services which can help
bring services to subscribers based on their gpbgral location and hence help the
majority of the African populace to harness altttmobile technology has to offer

LBS are services that need a specified QoS foeffective usage by the LBS user.
This research focused on investigating the featsibdf improving LBS provided

using network-based positioning techniques.

Firstly, a literature review was performed on LBS a type of service on GSM
networks and later narrowed down to network-basesitipning techniques. Before
further work could be carried out, there had toabeestablished need for LBS in
Africa. As there is no published work in this arem investigative research was
carried out on two developed countries the UniteadeS of America and the United
Kingdom and four African countries. South AfricaigBiria, Kenya and Egypt to infer
and understand the best options to the effectiveeldpment, deployment and
adoption of LBS in Africa. Data collection was ¢ad out through a survey of
literature from different sources such as jourregdgrs, conferences, mobile network
operator's reports, newspaper articles, online ipatbns and others. Data was

collected for the aforementioned countries andsarea

In order to establish the need to improve LBS amcyiprovided in Africa, the quality
of available LBS and factors affecting its qualigis investigated. LBS measurement
data was collected from South Africa, the counthyere mobile technology is most

developed within Africa. An empirical investigati@amd analyses was carried out on
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the data using maps collected from Gauteng Cityide@bservatory (GCRO) and
using Statistical Package for Social Sciences ($R86ARCGIS 9.2.

A statistical analysis was also carried out on dkierair mobile network data with

the aim of deducing the effect of geometry on tbeusacy of RSS-based geometric
positioning techniques. The factors affecting theldy of LBS once established can
then be used to model and develop an error-awdveoriebased positioning of the

MS.

Lastly, suggestions were drawn from the resulttheffeasibility of making Cell-ID
positioning more error-aware. A model was also tper investigating the
feasibility of making the RSS-based geometric pasihg techniques error-aware
with a major consideration given to the geometrihef BSs whose measurements are
used for position estimation. For the feasibiitydies, simulations were used on the
system, and MATLAB was used to model the accuraegiption system. A neural
network accuracy prediction system was developestdan the GSM hexagonal
mobile network geometry, simulated RSS-based pwositg error estimations and
simulated MS with distances from the MS to each iBSthe mobile network
recorded. The error-aware neural network systemttvan predict the location of a
MS once the over-the-air data is made availabié fthere was also provision made

for nonlinearities in matching of the model geometnd actual geometry.

9.2 KEY FINDINGS

Research presented in Chapter Five confirmed tB& penetration in Africa is still

significantly low and Africa definitely needs LB®mjust any LBS, but dependable
and accurate LBS tailored to the needs of the Afripeople. Results obtained from
analyses of the measurement data in Chapter Solumbed that the dependability of

LBS presently offered is also not encouraging.

It was also discovered that although location ediiom algorithms affect the

reliability, dependability and accuracy of LBS, yrere not the only factors that need
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to be considered in the case of Africa. Other mdgmtors that should also be

considered include:

The accuracy of the spatial data available in Afric
The poor town planning and address system.
The size and coverage of the spatial data availalAdrica.

Provision of LBS not adapted to the needs of Africa

o O O O o

Algorithms not tailored particularly to the prowsi of LBS but instead
adapted. Positioning algorithms were developed lorady existing mobile
network infrastructure and software.

o Lack of legislation for LBS.

Of all the factors highlighted, this research naed down and was geared towards
improving the provision of LBS by improving netweblased positioning algorithms
by making them error-aware.

Prior to studying and building the error-aware aiktpon, it is important to know and
understand the dynamically varying error parameatewsfrica. Results presented in
Chapter Seven show that the accuracy of networ&ebgmsitioning methods is

dependent on these amongst so many others:

* The mobile network,
* Environment,
* Geographical location, and

e Geometry of the network.

This research is the first known study (as farhesresearcher can ascertain) of LBS
in Africa, LBS accuracy in Africa, and studying tHeasibility of error-aware
network-based positioning algorithm, especially theidy into geometry-aware
positioning algorithms for RSS-based methods usimagching. This research work

also studied the feasibility of introducing the gesdry of the network as one of the
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tools to improve the dependability of LBS methodpgloThe methods proposed are

novel and not found in any existing literature asds the researcher can ascertain.

There are many important parameters to be considerpredicting the accuracy of
LBS accessible to end users. This research inastidfirstly the feasibility of
making Cell-ID positioning techniques error-await.has been discovered that
although it is possible to improve the accuradyg impossible to make it error-aware
and predict its accuracy. The accuracy of Cell-ti3iponing is directly proportional
to the cell size as indicated in Chapter Eight.tAe environment changes, the cell
size changes and the accuracy also changes. Thevégs to improve the accuracy
using Cell-ID were summarized in Chapter Eight, eeqgkated here;

o Providing Africa adapted software solutions, whexte adapted to Africa’s
road network, mobile network, et cetera.

o Developing software solutions adapted to the unigaquirements of
positioning methods available for use.

o0 GIS solutions to develop precise and accurate gé@spdata, maps and
geocode for Africa.

o Taking into account the length of the nearest magad to the serving BS the
MS is connected to. The roads should be divided $eictions by the use of
landmarks or intersection with other roads.

o Improving the accuracy of the Cell-ID positioningetinod using hybrid
methods. Spirito et al collected some over-thedata and simulated the Cell-
ID +TA and Cell-ID +TA + RSS and they concluded tthhere was a
significant reduction in average error and maxinmemor with Cell-ID + TA +
RSS outperforming the other hybrid method [15, 53].

The RSS-based method cannot be used in urban dhdipsuburban environments
due to its high inaccuracy caused by signal propagachallenges especially
multipath. Considering RSS-based positioning tegmai for rural areas, major

conclusions were reached. Assuming positioninguised out in a rural environment
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with little signal propagation challenges, the aaecy of RSS-based location method
is highly dependent on the geometry of the BSs wposition estimation

measurements are obtained.

The conventional hexagon mobile network simulatissed for mobile network
analyses and research has major limitations. lesgmts an ideal situation but this is
rarely the case in practice. To reduce the coniglex simulation, not all parameters
were considered, others have been approximatee wthiers assumed. Although the
simulated RSS-based feasibility method performedtequmpressively during
simulations and was able to match and predict ¢baracy, it fell short when applied
to field data.

This implies that geometry and relative distancevben the MS and BSs used for
positioning will give a different level of accuracgmploying the same methods in
practice makes it quite challenging and almost issgue to be able to predict. Some

parameters have to be met:

* The environment must have very little or no sigm@pagation challenges for
example multipath, fading, et cetera.

* Geometry of the actual mobile network must matehgeometry of the model
mobile network.

 The MS must be able to receive adequate signaigttrdrom three or more
BSs.

» At a typical rural set up in Africa, the MS can et signals from at most
two or three BSs.

* Owing to the distance between the MS and BS, thenlfht not receive the
adequate signal strength from the MS. In some @an@h mobile subscribers
have to stand on an elevated position to get adeqgaadio signals from a

single BS for voice communication.
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In conclusion, other methods needs to be explayathprove dependability of LBS
information provided to MS users in Africa. The gSamlity of increasing the

dependability by making the positioning algorithmoe-aware is not practicable.

9.3 CONTRIBUTION TO KNOWLEDGE

The following contributions have been made to kremlgke as stated previously in

Chapter Four:

A comprehensive analysis of the potential and ehaglks of LBS in Africa, presented
in Chapter Five.

An empirical analysis of the dependability, rellapiand accuracy of LBS in Africa,

presented in Chapter Six.

A comprehensive analysis of some error parametdiesctiag network-based

positioning technique accuracy, presented in Chh&agen.

Methods of improving the accuracy of LBS in Afriqgaresented in Chapters Five -
Eight.

A geometry-aware model RSS-based positioning tectenfor GSM networks was

developed and presented in Chapter Eight.

Feasibility of an error-aware network-based positig to improve LBS accuracy
presented in Chapter Eight.

9.4 RECOMMENDATION

It has been established that error parameterstaffecetwork-based positioning are
indeed dynamically varying and cannot be predidied any particular location.
Therefore the possibility of making the network-4xhspositioning error-aware is
impossible because the factors affecting MS pasitg varies with geographical

location, BS or BSs used for positioning, distanté/S relative to the BS or BSs,

185



distance of BS relative to each other (when moae tine BS is used for positioning),
movement of the MS, movement of things around tHe, Reight of the MS user

above the ground, cell size etc.

Making the network-based positioning algorithm ewaare can only be carried out
by using the fingerprinting method which is expgasiabour intensive and has to be
updated frequently with the constant change inastfucture in Africa as a

developing country. Therefore the most feasiblehmetfor Africa is Cell-ID or

enhanced Cell-ID based positioning methods assistddA and RSS measurements.

9.5 FURTHER WORK
Further work can be carried out on increasing LfSrmation dependability by:

* Investigating, designing and developing LBS adaptefrican needs with
enough location information for the services inthd

» Studying the possibilities of regulating LBS in .

* Improving GIS information and geographical dataAfrca.

* Implementing a hybrid of network-based positionmethods in Africa.

Conclusively, though many authors had advocatedirtbleision of these accuracy
varying factors (especially network geometry) insiioning methods to make it
error-aware, it has been proved through variousoust in this research that though

theoretically possible, it is practically not fdasi

9.6 CONCLUSION

From the research, it was discovered that the gepat of LBS in Africa for GSM

subscribers is relatively slow and presently ontynmercially available in South
Africa and little enthusiasm is shown by MS usersLBS. This may be because
services are not adapted to the needs of the Afficpulace and a challenge with

dependability. Little drive for LBS is also givery lmobile operators for services
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supporting legacy MSs. This might be because of &werage revenue per user
(ARPU) of a large percentage of subscribers. Mdréhe dependability concerns
were reiterated by the LBS measurement data arsalbéch points out that on
average the actual accuracy provided by the latadiovider is 4 times less than the
predicted accuracy as observed thereby makingitocatformation available very

undependable.

Some of the factors contributing to the undeperiialais investigated were location
information, environment, geographical location dhd location providers’ mobile
network. Geographical location accounted for 26cget variance in accuracy, 18
percent by the environment and 5 percent by thatilmt provider's mobile network.
Further results were obtained on the effect of heobetwork geometry on location
accuracy. Varying correlation performance of songSmased positioning methods
considered in rural and urban environments shows geometry affects position

error which is directly proportional to accuracyyided.

Analyzing the error factors such as geographiczdtion, environment and geometry
of the BSs and introducing them to MS position pticlg algorithm might improve

the predictability of positioning algorithms and nsequently dependability of
location information. LBS can be adapted to meeatesdocation related and

dependent needs of the African continent with ddpble location information.

Results deduced from the feasibility analyses mtdi¢hat it is feasible to improve
location information predictability made availalidg Cell Identification (Cell-ID)
and Timing Advance (TA) positioning methods. Thancbe achieved by using
improved prediction algorithms, incorporating upetate geographical information
and hybrid technologies. Feasibility analyses wien carried out on RSS-based
positioning methods using MATLAB simulations to ded the possibility of
improving location information predictability thrgh geometry information. It was
confirmed that although the geometry of the netwaffkcts RSS-based methods, the
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environment and geographical location are the madetermining factor in its

accuracy.
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APPENDIX A.

Table A.1 Population in poverty [25]

APPENDICES

POVERTY RATE IN AFRICA

% Population

Population below poverty line living
below  below

Survey $1 $2 Gini
Country Year Rural  Urban National year /day /day Year coefficient
Algeria 2000-2006 22.6 2000 0.9 20(|)0 35.3
Angola 2001 94.3 57 68 2000 54.3 2000 58.6
Benin 1999 33 23.3 29 2003 47.3 73.1 2003 38.6
Botswana 2003 30.3 1994 31.2 2003 61
Burkina
Faso 2003 52.3 19.9 46.4 2003 56.5 81 2003 39.6
Burundi 200¢ 37 36.2 200¢ 81.2 87.€ 200¢ 33.2
Cameroon 2001 49.9 22.1 40.2 2001 32.8 50. 2001 44.6
Cape Verde 200z 55.1 25 36.7 2001 20.€ 2001 50.5
Cent. Afr.
Rep. 2003 50.2 2003 62.4 2003 43.6
Chad 1996 67 63 64 2003 61.9 2003 39.8
Comoros 2004 46.1 2004 64.3
Congo 2005 57.7 55.4 50.1 2005 54.1 2005 47.3
Congo, Dem.
Republic 200t 71.2 200¢ 59.2 200¢ 444
Cote
d'lvoire 2002 49 24 384 2002 23.3 48.8 2002 48.4
Djibouti 200z 42.1 200z 18.¢ 200z 40
Egypt 1999-2000 16.7 2005 2 43.9 2005 32.1
Equat.
Guinea 2003 38.1
Eritrea 2000-2006 53
Ethiopia 2000-2006 45 37 44.2 2005 39 77. 2005 29.8
Gabon 200t 45 3C 33 200¢ 4.8 200¢ 41t
Gambia 2003 63 61.3 2003 34.3 82.9 2003 47.3
Ghana 200¢ 39.2 10.¢ 28.t 200¢ 30 78.F 200¢ 42.¢
Guinea 1994 40 2003 70.1 50.2 2003 43.3
Guinea
Bissau 2002 65.7 2002 48.8 96.71 2002 35.5
Kenya 2005-06 49.1 33.7 45.9 2005 19.] 58. 2005 47.7
Lesothc 200(-200¢ 68 2003 43.L 56.1 200% 52.t
Liberia 2002 76.2 2007 83.7 20Q7 52.6
Libya 2000-05 14
Madagascar 200t 73t 52 68.7 200t 67.8 85.1 200t 47.2
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% Population

Population below poverty line living
below  below

Survey $1 $2 Gini
Country Year Rural  Urban National year /day /day Year coefficient
Malawi 2006 47 25 45 2004 73.9 76.1 2004 39
Mali 2005 475 2006 51.4 90.6 2006 39
Mauritania 2000 61.2 25.4 46.3 2000 21.2 63.1 2000 39
Mauritius 200¢€ 38.¢
Morocco 1999 27.2 12 19 2007 2.5 14.3 2007 40.9
Mozambique 2002/0¢ 55.% 51.t 54.1 200 74.1 78.4 200 47.1
Namibia 2004 32.8 55.8 2004 60
Niger 2000-2006 66 52 63 2005 65.9 85.8 20p5 43.9
Nigeria 2000-2006 34.1 2004 64.4 90.8 2004 429
Rwanda 2005-06 62.5 415 56.9 2006 57 83.y 20p6 46.7
Sao T. &
Principe 2001 53.¢
Senegal 2001 53.9 2005 33.5 63 2005 39.2
Seychelle
Sierra Leane 2004 79 56.4 70.2 2003 53.4 74.% 2003 42.5
Somalia
South Africa 2000 45 2000 26.2 34.1 2000 57.8
Sudar
Swaziland 2001 75 69.2 2001 62.9 22 2001 50.7
Tanzania 2000-2001 38.7 29.5 35.7 2000 88.5 89/9 2000 34.
Togo 1995 72.2 2006 38.7 2006 34.4
Tunisia 2005 3.8 2000 2.6 6.6 2000 40.8
Uganda 2003 41.7 12.2 37.7 2005 51.5 2005 42.6
Zambia 2003 74 52 68 2004 64.3 94.1 2004 50.7
Zimbabwe 200(-200¢ 48 7.8 34.¢€ 2004 61.€ 2004 50.1
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APPENDIX B. LOCATION-BASED SERVICES IN DEVELOPED
COUNTRIES
TableB.1: A summary of location-based servicesin USA (adapted from [149])

Company LBS service Service
Sprint-nextel Emergenc Emergency cal
Automotive Assistanc
Navigation Directions
Traffic managemer
Navigatior
Group management
Informatior Travel service
MAP
Point of interest
Tracking People tracking

Vehicle trackini
Personnel tracking

Verizon Emergency Emergency calls
Automotive Assistanc
Navigation Directions
Navigatior

Group management
Information Travel services
Mobile Yellow page
MAP

Point of interest
Tracking People trackin
Vehicle tracking
Personnel tracking

AT&T Emergenc! Emergency cal
Automotive Assistanc
Navigation Directions
Traffic managemer
Navigatior
Information
MAP
Point of interes
Tracking People tracking

Vehicle trackini
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Table B.2: Location-based servicesin 6 European countries [150]

Country Company Services Country Company Services
Germany 100% penetration(6/2006) | Italy 130% penetration
(9/2006)
Vodafone D2 Gas stations Vodafone Italy  Navigation
Restaurants Yellow pages
ATM finder Traffic informatior
Yellow pages Fleet management
“find your friends” Telecom ltalia  Navigation
Mobile
Fleet management Taxi finder
Home billing Fleet management
02 Yellow page Traffic informatior
Fleet manageme WIND --
ATM finder H3G --
Entertainment info Switzerland 97% penetration
(12/2005
Gas statior Swisscor Maps
Navigation Navigation
Taxi finder “Friend finder”
Home billing Yellow pages
T-Mobile Navigation Weather
Car finding Sunrise Home billing
Home billing Weathe
E-plus “find your friends” Orange CH Tourist guide
Fleet management Navigation
Greece Vodafone 117% penetration (12/2005 Traffic informati
Fleet manageme Yellow page
Navigation Tele2 --
Gas statior In&Phone S/ Business custome
Cosmote Navigation(i-mode) Migros MVNO: Swisscom
network
Tourist guide(Voice portal) Coop MVNO:Orage netwo
TIM Navigation (maps Austria 104%
penetration(7/200
Yellow pages Mobilcom Navigation, car
security
Mo’MAD MVNO: TIM network Road help, Travel
calculato
Frog Mobile MVNO: cosmote network Yellow pages
UK 121.2% penetration (1/2006 Fleet management
02 Traffic information T-Mobile A Fleet management
Maps(i-mode) Yellow pages
Orange Nearest bank, cinemas, tral One Yellow pages

Vodafone UK

Hutchison 3G
UK

BT cellnet
Virgin Mobile
Tesc(
EasyMobile
Talk Talk
Mobile

station, weather servic
Fleet management
Yello pages

Maps and navigation
(Vodafone Live!)
Maps, Navigation

Nearest hotels, restaurants
and shops

Hutchison 3G
Austria

Tele-ring
YESSS!
Tele2 A

Entertainment guide
Traffic information
Fleet management

“Friend finder”
Navigation
Yellow pages

*MVNO: One network
MVNO?: One networ

2 MVNO — Mobile virtual network operator
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APPENDIX C. LOCATION POINTS CONSIDERED
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Figure C.1: Location points considered at Johannesburg Central Business District
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APPENDIX D. SIMULATION RESULTS
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FigureD.1: Relationship between errors obtained by LS positioning and cellular
network geometry
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Figure D.2: Relationship between errors obtained by TRI positioning and cellular
network geometry
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Appendix D. Simulation Results Continued
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FigureD.4: Relationship between errorsobtained by COT positioning and
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Figure D.22: Matching field data geometry one with the model geometries
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Figure D.26: Matching field data geometry three with the model geometries
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Figure D.27: Geodetic coordinate and the local coordinate for geometry four
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Figure D.28: Matching field data geometry four with the model geometries
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Figure D.30: Matching field data geometry five with the model geometries
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Figure D.31: Geodetic coordinate and the local coordinate for geometry six
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Figure D.32: Matching field data geometry six with the model geometries
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Figure D.33: Geodetic coordinate and the local coordinate for geometry seven
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Figure D.34: Matching field data geometry seven with the model geometries
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Figure D.35: Geodetic coordinate and the local coordinate for geometry eight
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FigureD.36: Matching field data geometry eight with the model geometries
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