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Definition

ÁWhat is a Location-based Service (LBS)?

ÁPosition information as basis for an 

application,

ÁIn most cases one part of the infrastructure 

is mobile,

ÁData communication is necessary to provide 

the service.

ĀWe consider LBS within the context of 

wireless data networks 

(WLAN, GSM, UMTS, é).
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Purpose of LBS

ÁMajor purposes of LBS are
ÁProvision of a useful service (e.g. in e -government), 

and/or

ÁGenerate revenues (as commercial provider).

ÁOne needs:
ÁTechnology basics,

ÁAn application with a business model,

ÁAppropriate business relations,

Á(Compliance with) regulation,

Áé
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Infrastructure for LBS

Usually, we speak of variants of the following 

infrastructure:
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Mobile User

Provider of 

a location -based application

Radio network, 

mobile radio
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Business Relations

LBS require many relationships among involved 

parties:
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Provider LBS

ÅIdentification

ÅLocalization

ÅPayment

ÅLocalization

ÅCommunication

ÅPayment

ÅService contract

ÅService provision

ÅPayment

Mobile User

Radio network, 

mobile radio
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Business Relations

ÁThere may be different business relations:

ÁUser pays provider and network operator 

separately.

ÁUser solely pays via network operator; provider 

is paid by the network operator.

ÁCreation of location information may require 

investments and operational costs for both user 

and network operator.
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Infrastructure
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In special cases one can also think of other 

options:

Á Stationary communicationÁ Peer to Peer (P2P)
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Overview Positioning Methods

ÁNetwork external source of information about location
ÁUser input

ÁGPS (USA, EU-Galileo)

ÁPosition sender (Radio, Infrared)

ÁWLAN positioning

ÁPeer to Peer

ÁNetwork internal source of information about location
Á (Cell-ID, E-OTD, TDOA, AOA, SA)

ÁHybrid solutions
ÁA-GPS

ÁOften the terminal is involved in the positioning
ÁTerminal positioning

ÁHybrid positioning
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Network External Positioning 

ăNetwork externalò means: 

ÁPositioning system outside of the control of the 

network operator

ÁPositioning system is provided by a third party.
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User Input

User communicates his location 
(e.g. Zip code, area code, name of regional unit).

ÁAdvantages:

ÁIs possible with almost every terminal,

ÁUser keeps positioning under control.

ÁDisadvantages:

ÁOnly possible for applications where the user 

knows his whereabouts,

ÁSlow and complex position finding (permanently 

new inputs).
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GPS

Global Positioning System (GPS)

ÁPositioning per terminal via satellites

ÁOperator: US-Department of Defence
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GPS
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Four Satellites needed for exact 

positioning (X,Y,Z + Time)
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GPS

ÁAdvantages:

ÁQuite exact: 5 -15m,

ÁLow cost chip sets, embeddable in terminals,

ÁLarge choice of standard software for 

applications available.

ÁDisadvantages:

ÁWorks only outdoors,

ÁUSA can manipulate or disconnect the signals 

whenever they want,

ÁLong initialisation,

ÁHigh power consumption in non-stop operation.
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Galileo

ÁEU Satellite navigation system ăGalileoò:
ÁEuropean sovereignty considerations motivated 

project

ÁMore recent technology, higher precision

ÁCommercial models planned for the usage 
(highway toll, logistics)

ÁPlanning phase is completed

ÁThe first experimental satellite was launched

ÁGalileo system first period by 2013

Á3,4 billion ûfor the first period

ÁCompatible with GPS (so up to 60 satelites)

Á More Information: www.esa.int/esaNA/index.html
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Position Transmitter

ÁA terminal can receive location information 

from transmitters (Infrared, Bluetooth).

ÁMount transmitter and calibrate it

ÁTerminal detects the transmitter information and 

runs LBS or transfers location information to the 

application.

ÁExample: 

18

Radio circuit Infrared transmission
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Position Transmitter

ÁAdvantages:
ÁQuite exact: 5 -15m

ÁAlso reports the line of sight of the user

ÁCan also send data in addition to the location

ÁDisadvantages:
ÁReceiver software has to be stored on the 

terminal.

ÁTransmitters have to cover area.

ÁTransmitters and application have to be 
synchronised.

19



é
é

...
Position Transmitter

ÁUsage in M-Business:

ÁExhibition information systems,

ÁMuseum guides,

ÁTourist guides,

ÁPromotion activities.
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LBS with Wireless LAN

Á Strong increase of WLAN Access-Points in urban areas

ÁOffers from e.g. T -Mobile, Swisscom, Mainsurf

Á Idea: use Access Points as a source for location information

ÁDiploma thesis from Th. Lindner Chair for M -Commerce in the 
period from 4/2003 - 8/2003: 
ăGeschªftsmodelle f¿r situationsbezogene Mehrwertdienste 
in drahtlosen Netzwerkinfrastrukturen mit stationären 
Zugangspunktenò

ÁLindner, T. (2003) Geschäftsmodelle für situationsbezogene 
Mehrwertdienste in drahtlosen Netzwerkinfrastrukturen mit 
stationären Zugangspunkten, Frankfurt am Main.
Objective: Measuring, to document changes in the positions 
and amount of Access-Points, develop a business model.
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LBS with Wireless LAN
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Peer-to-Peer

Peer-to-Peer-Positioning : 
ÁExchange of location information between mobile 

devices

ÁDevices can communicate with each other.

ÁOne of the devices possesses the location 

information.

ÁDevices trade this information.

ÁExample: PDA receives positioning information from a 

mobile phone
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Peer-to-Peer

ÁAdvantages:

ÁNo centralised location information generation.

ÁLocation information comes from spezialised 

devices where necessary.

ÁDisadvantages:

ÁCan devices trust the location information?

ÁNo standard method for P2P-processing available.
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Electronic Compass 

(Magnetometer)

ÁFirst device on the market 

was Nokia E52 in Q1 2009.

ÁToday magnetometers are 

integrated into many devices 

and enable compass 

functions, e.g.

ÁAndroid

ÁiPhone 3GS

ÁSeveral Nokia Devices

25
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é
é

...
Agenda

ÁIntroduction to òLocation-based Servicesó

ÁPositioning Methods

- Network External Source of Information 
about Location

- Network internal Source of Information 
about Location

- Hybrid Solutions

- Summary

ÁExamples for LBS and Business Issues

26



é
é

...
Cell-ID

ÁCell-of-Origin (COO) within the 

network or Cell -ID on terminal

ÁMost common method for positioning 

(USA Phase 1 911, D1, D2, 02)

ÁNo ăpositioningò, but ălooking-upò in 

the VLR (Visitor Location Register)
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Cell-ID

28

27
81

99

7 18

78

94

48

33
17

11

6912
57



é
é

...
Cell-ID

Usage in M-Business:

ÁAccuracy = Depending on size of the cell
Áin city centres: approximately 300 metres

Áin rural areas: much larger cells up to 
approximately 30 km)

ÁVery fast positioning is possible
Áaverage response time < 3s

ÁNo hardware-upgrade necessary

ÁBut: A data base with cell location and 
cell sizes is needed.
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Enhanced Observed Time 

Difference ðE-OTD

Enhanced Observed Time Difference (E-OTD)

ÁMeasures the time intervals of the radio signal 

between Base Transceiver Station (BTS) and 

two places:

ÁMobile Station (MS), and

ÁA known fixed spot 

(LMU = Location Measurement Unit)

ÁTo locate the MS, one needs three BTS. 
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Enhanced Observed Time Difference 

(E-OTD)

Á

Origin: cursor-systems.com
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E-OTD

Usage in M-Business:

ÁAdvantages:

ÁSlightly more exact than Cell -ID (50-125 m)

ÁLower response time (< 5s)

ÁDisadvantages:

ÁModification of the software on the terminal
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Time Difference of Arrival ðTDOA

Time Difference of Arrival (TDOA)

ÁAlso measuring of time intervals, 

ÁHowever use of the òuplink-dataó (data, that 

are sent out from the terminal).

ÁTDOA supports legacy-terminals:

All Base Stations have to be equipped with  

òMonitor-Softwareó.
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TDOA

ÁAdvantages:
ÁSlightly more exact than COO (50-125 m),

ÁLower response time(< 10s),

ÁNo modification of the software on the terminal.

ÁDisadvantages:
ÁHigh costs due to the needed upgrade of the 

network,

ÁRelocation of the òintelligenceó into the network. 

ÁThe customer has no control over his location 
information anymore .
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Angle of Arrival ðAOA

Angle of Arrival (AOA)

ÁBearing with beam antennas

ÁWas used in analogue systems (still used 

today in the USA)

ÁSet up of an antennae system; then 

calculation of the angles to the network

ÁAt least two antennae necessary

ÁUse is difficult in digital systems (channel -

division and changes of cells)
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Angle of Arrival ðAOA

Mast with 6 sectors
[Source: www.nobbi.com]
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Angle of Arrival ðAOA

ÁAdvantages:

ÁNo modification of the terminal

ÁDisadvantages:

ÁThe ăbeam antennaò-trait of the whole 

network has to be measured.
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Signal Attenuation ðSA

Signal Attenuation (SA)

ÁMeasuring, whether a terminal moves away 

from a base station or towards it.

ÁIf one knew the signal strength, one could 

calculate the distance of the device from 

the base station.
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Signal Attenuation ðSA

Usage in M-Business:

ÁMeasuring the signal strength is technically very 

complex 

Áchange of the frequency, 

Áobstacles like e.g. walls,

Áenvironmental influences like e.g. the 

weather, 

Áradiation of buildings, ...

ÁSimply observable by taking a look at the òpower 

beamó on a mobile phone, also when one does 

not move.
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A-GPS

A-GPS (Assisted GPS)

Á Completed via other methods: 

ÁCoupling of efficient  GPS receiver in handset with 
location server in the network

ÁCombination of GPS reception & cell / base station 
location data in one service

ÁUse in M-Business

ÁUsual application area: navigation applications, logistics

ÁRecently: Games like Geocaching

ÁAdditional hardware needed, connectivity of handset

ÁFor network operators: enhanced control over location 
applications

ÁDemo:
www.cdmatech.com/docs_details/tech_demos/demos/gpsone_assisted.html 
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Summary: Positioning-òtreeò 

Where am I located?

44

Network Terminal

TDOA AOA E-OTD A-GPS
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[Source: Motorola]
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Precision of positioning
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[Source: Nokia]

Coverage
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Positioning examples

46[Source: EMT, PinPoint LBS]
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LBS in 2G vs. 3G

ÁUMTS and LBS:

ÁUMTS has higher frequency (shorter range) 

than GSM.

ÁAre more cells a trigger for LBS with 

Cell-ID?
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Altitude and Direction

ÁWhat is missing in present methods?

ÁMeasuring of the line of sight,

ÁMeasuring of the altitude,

ÁDirection of a movement.

ÁSolutions

ÁInfrared beacons,

ÁElectrical compasses.

ÁSome technical solutions very complex!
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Open Questions concerning 

Infrastructure

ÁWhat does positioning cost?

ÁIn the terminal?

ÁIn the network?

ÁAs protocol overhead?

ÁHow can roaming work?

ÁHow are LBS accounted to meet in a 

privacy friendly manner?

49



é
é

...
Agenda

ÁIntroduction to òLocation-based Servicesó

ÁPositioning Methods

- Network External Source of Information 
about Location

- Network internal Source of Information 
about Location

- Hybrid Solutions

- Summary

ÁExamples for LBS and Business Issues

50



é
é

...
Categories of LBS
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Navigation: ÅNavigational Services: Navigation on mobile phones. 

Some interactive information services; 

ÅTourism: Spare-time services for non -daily environments.

Entertainment: ÅGames: Mobile Gaming with location component.

Information: ÅCultural information: Information service for Location -

based spare time planning; 

ÅFinancial Services: Location-based services with local 

financial information and services.

ÅMedical Emergency Services: Location in medical 

emergencies; 

Security & Safety: ÅSafety & Emergency: 112 localization, emergency 

tracking, disaster warnings; 

ÅLaw enforcement : localization for law enforcement

Community: ÅFriend finder : Social service with high lock -in;

ÅDating: Location -based partner discovery and dating; 

ÅPrice Finder: e.g. for cheapest Gas Station

Based on [Fritsch and Muntermann 2005]
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Navigation Services

ÁOutside

ÁIn buildings
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Navigation ðpaid services
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NaviGate from T-Mobile

ÁMDA with external GPS

ÁRouting data on server

ÁTraffic jam information on server

ÁRoute calculation on server

ÁGPRS-communication for requests

ÁCarrier earns data charge.

ÁThe provider earns royalty.

ÁPayment per invoice of mobile 

phone [Source: www.t -mobile.de]
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Navigation outside ðfree services

54[Source: www.gpsdrive.de]

Google maps Open street maps
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Use of compass
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Google StreetView
(Android Market)

Sunseeker
(Apple App Store)

New York nearest places
(Apple App Store)
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Navigation through Buildings
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www.eyeled.de

ÁNavigation in buildings, on fairs, in museums

ÁWith PDA or smartphones

ÁInfrared, Bluetooth or DECT.




