
Chapter 1 

Introduction 

Being small and handy. the mobile phone has become a regular part in day today life. 

and the addition of novel applications and capabilities makes it even more personal 

and trusted. As a result the mobile service providers are striving to introduce value 

added features to attract potential customers. LocaJion-aware service is one such 

application. which offers enormous possibilities to bring in novel services for 2G and 

3G mobile networks. For some Location Based Services (LBS) it is sufficient to 

determine the cell of the mobile terminal but other services such as emergency calls or 

navigation systems require more accurate position determination techniques. 

Unfortunately. the GSM Network lacks positioning functionality; hence a separate 

positioning technology should be integrated to the network. 

On the other hand. Global Positioning System (GPS) has proven to be the most 

accurate with an average accuracy less than 1Om. However. some challenging issues 

regarding GPS positioning exist such as the non-availability of GPS enabled mobile 

devices. the poor estimation in harsh environmental conditions and the poor indoor 

coverage. \vhich make the system inappropriate for commercial applications such as 

localized information services. 

Thus. the estimation ofthe user's location from data that is inherently available in the 

cellular network. also known as cellular positioning, has become a key technology m 

mobile communications. 

1.1 Current status in the field of cellular positioning 

The market for location-based services holds enormous potential. The ability to tell 

users where they are. and how to get where they want to go as well as how long it 

will take to get there and what else is close by can enhance a wide array of 

applications. In addition. LBS tools have the ability to create geo-fences. the alerts 

issued via SMS or voice when a user has entered or exited a specified area [ l]. 

However. the reality of this LBS glory relies heavily on precise location determination 

techniques. 
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In the United States. people facing a critical emergency situation can request 

assistance through dialing 911 emergency assistance services. Most of theses calls are 

made from mobile phones with the user being unaware of his or her whereabouts. 

Hence. Federal Communication Commission (FCC) has imposed. through E-911 

mandate. the mobile operators to precisely locate the callers requesting emergency 

assistance via 911 [2. ~l Phase II of this regulation imposes accuracy levels for 

different location technologies based on their implementation as set out by Table 1.1 

[2]. This was the wake up call for high enthusiasm in cellular positioning. 
, 

Table 1.1: FCC guidelines for location accuracy 

Source: [2] 

Type of location 

solution 

Handset-based 

Network-based 

67% of locations 

must be 

<50m 

<100m 

95% of locations · 

must be 

<150m 

<300m 

/~~ .. ·"· •' .. 

Furthermore. a recommendation has been issued for the optimal planning and 

implementation of emergency wireless location service, called E-1 12. for the 

European Union in 2004 [4]. Accordingly, in order to provide effective sen/ICe. 

location accuracy should be 50m or less in urban corridors/centers and the 

requirements for accuracy diminish as the distance from urban centers increases. i.e. 

the need for high accuracy is less stringent in rural environments [ 4]. 

As a result. several commercial positioning systems have been developed all over the 

world, namely. CellPoint [5]. SnapTrack [(l], Ericsson Mobile Positioning System [7] 

and BT-Cellnet [g]. which are based on Assisted GPS (A-GPS) and Enhance 

Observed Time Difference (E-OTD) positioning methods. The facts that these 

commercial systems are highly expensive and the upgrades to be done in the network 

in deployment prevent them being purchased by most of the mobile operators in 

countries like us. 

Hence there exists a need to come-up with more accurate and cost effective solution 

for location estimation in cellular networks. A technique based on existing radio 

signal data from a series of base stations would be a feasible solution. However, 
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significant signal level variations and multi-path efiects have proved a major obstacle 

in many developments. 

1.2 LBS applications and Performance requirements 

Some of the applications that have taken major attention in commercial location based 

services are illustrated in Figure 1.1 . 

./ Nearest service 
v 

news 

" 

Figure 1.1: Commercial LBS applications 

Information services are defined to provide the nearest service such as A TM machine. 

petrol station or hospitaL to provide trat1ic information and for advertising purposes. 

Navigation services could provide street-by-street turn-by-turn directions to a 

destination while tracking services include lone-worker tracking in high risk locations. 

criminal tracking and child tracking services to alert when the child moves away from 

a pre-defined area. Monitoring applications, like field force automation. mobile 

worker management and taxi fleet management are promising in most of the 

industries. 

The reliability of the above mentioned applications rely on the performance of the 

positioning technology. Accuracy and yield are the two principal measurements of the 

performance of location technologies. Accuracy refers to the radius in which a 

location technology can pinpoint the location of a mobile phone. while yield refers to 
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the location technology's ability to obtain a location fix. expressed as a percentage 

success rate ['>]. In addition, the performance requirements of applications are 

partially dependent on where the Mobile Station (MS) to be located happens to be at 

that time. This represents whether the MS is inside a building (indoor), or outside in 

urban. suburban or rural environment. 

Table 1.2 summarizes the performance requirements of above mentioned applications. 

based on research conducted among key application developers [lJ]. 

Table 1.2: Performance requirements of selected Location Based Applications 
" 

Source: [9] 

Indoor Urban Suburban Rural 

Accurac! Yield Accuracy Yield Accuracy Yield Accurac~ Yield 

(m) (%) (m) (%) (111) (%) (m) ( '~'o) 

Information Services 

- Basic 50-I 00 80 500 80 1000 80 5000 80 

- Enhanced 20-50 90 50 90 50 90 50-I 00 90 

Navigation 10 95 10 99.9 10 99.9 20 99.9 

Field force 

automation/ work 

force management 50 95 50 95 50 95 100 95 

Lone-worker tracking 50 99.9 50 99,9 50 99.9 100 99.9 

Taxi dispatch n/a n1a 50 90 50 90 50 90 

Child tracking 50 99.9 50 99.9 50-100 99.9 50-100 99.9 

Medical alert 50 99.9 50 99.9 50-I 00 99.9 50-100 99.9 

1.3 Motivation 

A range of cellular positioning technologies have been researched all over the world. 

yet none of them have proven superior in terms of accuracy for all environments 

worldwide [1 0-28]. This opens the path to research on precise location estimation 

technologies. In addition, the lack of evidence in researching on cellular positioning 

techniques for improved accuracy in local environment provides a strong motivation 

to research on such techniques applicable for local context. 
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During the author's final year project done as a partial fulfillment of the B.Sc. degree, 

different cellular positioning techniques were investigated and the accuracies of three 

of them. namely. the Geometrical Method. Statistical Method and the Database 

Correlation Method (DCM), were verified in local environment [ _ 0]. 

Consequently, the Database Correlation Method was proven to be more accurate in all 

three environments. urban, sub urban and rural. 

Even though the database correlation method has the potential for higher accuracies in 

all three local environments, the difficulty of creating the database with field test 
/ 

measurements has become a big challenge when deploying this technique in large. 

dynamic networks. Thus. there exist a need to come-up with a remedy for this 

deployment challenge and that paved the path for this particular research. 

1.4 Research Objectives and Contributions 

The principal objective of this research is to find a more practical method of applying 

the Database Correlation Method for location estimation in cellular networks. with 

less field measurements. In order to do this, the use of theoretical propagation models 

and/or Network Planning Tools to create a fingerprint database in local mobile 

network will be investigated. While the accuracy of this approach may be lower than 

the DCM method with field measurements, further tuning of the results in order to 

improve accuracy will be studied. 

The major contributions include: 

• Survey on fingerprinting methods for location estimation in cellular networks. 

• Study comprehensively the propagation modeling done by Service Providers 

and the tools used. 

• Develop the DCM by obtaining fingerprints through an appropriate 

propagation model and verify the accuracies of the method in all three 

environments, urban, suburban and rural. 

• Carry out drive tests in three different environments to obtain sample test data 

for deviation analysis, calibration and location estimation phases. 

• Analyze the deviations ofthe predictions from actual measurements. 
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• Study the deviation of accuracy from the DCM implemented by field test 

measurements. 

• Design and develop a calibration method to tune the created database in order 

to minimize the above deviation. This includes calibrating the predictions 

using lesser number of field test measurements. 

1.5 Organization of the Thesis 

" 
This dissertation is a systematic study for applying location fingerprinting method for 

cellular positioning with the aid of propagation models. 

Chapter-2 is devoted for the literature review of cellular positioning techniques. 

specially fingerprinting method. radio wave propagation models and tools. and the 

techniques used for calibration such as neural networks. Next. in Chapter-3. the 

methodology applied in achieving the research objectives is presented 

comprehensively. This is followed by a detailed description of the environments. used 

for testing the developed methods for location estimation. Chapter-S is devoted for an 

inclusive analysis of the outcomes of this work and finally. Chapter-6 concludes by 

discussing the achievements. commercialization aspects and future work. 
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