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Lecture 3

Infrastructures for M -Business:
Positioning Methods for Location-based Services
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business Definition

AWhat is a Location-based Service (LBS)?

A Position information as basis for an
application,

An most cases one part of the infrastructure
IS mobile,

A Data communication is necessary to provide
the service.

A We consider LBS within the context of
wireless data networks
( WL AN, GS M, UMT S, e ) .
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business Purpose of LBS

A Major purposes of LBS are

A Provision of a useful service (e.g. in e -government),
and/or

A Generate revenues (as commercial provider).

A One needs:
A Technology basics,
A An application with a business model,
A Appropriate business relations,
A (Compliance with) regulation,
A é

4 T4




mobile N\

business Infrastructure for LBS

Usually, we speak of variants of the following
Infrastructure:

—

Provider of \—-f)

a location -based application

Radio network, [gH

Mobile User mobile radio

.
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LBS require many relationships among involved

partles: .

A Localization |
A Communication [
A Ny A Payment '

A Service contract

A Service provision / Provider LBS
A Payment

A Identification
A Localization
A Payment

Mobile User mobile radio

Radio network, [*@#

Business Relations
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business Business Relations

AThere may be different business relations:

A User pays provider and network operator
separately.

A User solely pays via network operator; provider
IS paid by the network operator.

A Creation of location information may require
Investments and operational costs for both user
and network operator.

4 T4
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In special cases one can also think of other
options:
A Peer to Peer (P2P) A Stationary communication
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A Network external source of information about location
A User input
A GPS (USA, EiGalileo)
A Position sender (Radio, Infrared)
A WLAN positioning
A Peer to Peer

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

A Hybrid solutions
A A-GPS

A Often the terminal is involved in the positioning
A Terminal positioning
A Hybrid positioning

Overview Positioning Methods

10
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business Network External Positioning

aNet work external O means:

A Positioning system outside of the control of the
network operator

A Positioning system is provided by a third party.

12
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User communicates his location
(e.g. Zip code, area code, name of regional unit).
A Advantages
Als possible with almost every terminal,
AUser keeps positioning under control.

A Disadvantages

AOnly possible for applications where the user
knows his whereabouts,

ASlow and complex position finding (permanently
new inputs).

User Input

13
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Global Positioning System (GPS)
A Positioning per terminal via satellites
A Operator: US-Department of Defence

GPS

14
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business

Four Satellites needed for exact
positioning (X,Y,Z + Time) %

The Global Positioning System
Measurements of code-phase arrival times from at least four satelliies are used to estimate four
guantities: position in three dimensions (X, ¥, Z)and GPS time (T).

P Diana 5etones

15
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A Advantages:
A Quite exact: 5-15m,
A Low cost chip sets, embeddable in terminals,
A Large choice of standard software for
applications available.
A Disadvantages:
A Works only outdoors,

A USA can manipulate or disconnect the signals
whenever they want,

A Long initialisation,

A High power consumption in non-stop operation.

GPS

16
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busmess GALILEO
AEU Satellite navigatio
A European sovereignty considerations motivated
project

A More recent technology, higher precision

A Commercial models planned for the usage
(highway toll, logistics)

A Planning phase is completed

A The first experimental satellite was launched

A Galileo system first period by 2013

A 3,4 billion 0 for the first period

A Compatible with GPS (so up to 60 satelites)

A More Information: www.esa.int/esaNA/index.html

17
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business Position Transmitter

A A terminal can receive location information
from transmitters (Infrared, Bluetooth).
A Mount transmitter and calibrate it

A Terminal detects the transmitter information and
runs LBS or transfers location information to the

application.
A Example:
P O«
Radio circuit Infrared transmission

eyeled +&

18
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business Position Transmitter

A Advantages:
A Quite exact: 5-15m
A Also reports the line of sight of the user
A Can also send data in addition to the location

A Disadvantages:

A Receiver software has to be stored on the
terminal.

A Transmitters have to cover area.

A Transmitters and application have to be
synchronised.

19

.
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business Position Transmitter

A Usage in MBusiness:
A Exhibition information systems,
A Museum guides,
A Tourist guides,
A Promotion activities.

20
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A Strong increase of WLAN AccessPoints in urban areas
A Offers from e.g. T -Mobile, Swisscom, Mainsurf

A ldea: use Access Points as a source for location information

A Diploma thesis from Th. Lindner Chair for M -Commerce in the
period from 4/2003 - 8/2003:

aGesch2aftsmodelle f¢r situati

in drahtlosen Netzwerkinfrastrukturen mit stationaren
Zugangspunkteno

A Lindner, T. (2003) Geschaftsmodelle fiir situationsbezogene
Mehrwertdienste in drahtlosen Netzwerkinfrastrukturen mit
stationdaren Zugangspunkten, Frankfurt am Main.

Objective: Measuring, to document changes in the positions
and amount of Access-Points, develop a business model.

21
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Peer-to-Peer-Positioning :

A Exchange of location information between mobile
devices
A Devices can communicate with each other.

A One of the devices possesses the location
Information.

A Devices trade this information.
A Example: PDA receives positioning information from a

mobile phone )»4 (X,Y) (((
GSM l

))) ) Infrared

Peer-to-Peer

23
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A Advantages:
A No centralised location information generation.

A Location information comes from spezialised
devices where necessary.

A Disadvantages:
A Can devices trust the location information?

A No standard method for P2P-processing available.

Peer-to-Peer

24
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mobile N\ Electronic Compass

business (Magnetometer)

A First device on the market
was Nokia E52 in Q1 2009.

A Today magnetometers are
Integrated Into many devices
and enable compass
functions, e.q.

A Android
AiPhone 3GS

A Several Nokia Devices
[de.wikipedia.org]

25
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Al ntroducti onbdoedlLY&rs

A Positioning Methods

- Network External Source of Information
about Location

- Network Iinternal Source of Information
about Location

- Hybrid Solutions
- Summary
A Examples for LBS and Business Issues

Agenda
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A Cell-of-Origin (COO) within the
network or Cell -ID on terminal

A Most common method for positioning
(USA Phase 1 911, D1, D2, 02)

ANo &apositioningpo
the VLR (Visitor Location Register)

4 T4
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business

Usage in MBusiness:

A Accuracy = Depending on size of the cell
A in city centres: approximately 300 metres

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

A Very fast positioning is possible
A average response time < 3s
A No hardware-upgrade necessary

A But: A data base with cell location and
cell sizes Is needed.

29
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mobile N\ Enhanced Observed Time
business Difference 8E-OTD

Enhanced Observed Time Difference (EOTD)

A Measures the time intervals of the radio signal
between Base Transceiver Station (BTS) and
two places:

A Mobile Station (MS), and

A A known fixed spot
(LMU = Location Measurement Unit)

A To locate the MS, one needs three BTS.

30

)




mobile N\
business

sl
\"‘:‘e
Buckenhmm\@ %,
s & & &‘U u":’_-
RS “@. o

|=‘
e

;[rai'umberhen{ﬂjfc u Iﬁrf

A
Viar-Bern us 'l-?ﬂurgcrhausk“ N

Enhanced Observed Time Difference
(E-OTD)

& 4 -
Q - 5
£ [ 3
! =
&
-
£ n
B 4 2
g, ! :
6, ] ) B .
%y > - i - . Griineburg -k
at ‘\_’4‘ .fﬁ_e | S 3
5, 1 Bo tanischer

Errar I'I.I'Iu.rgu':

11 Carla-5d

Park . |W A -
Fl %, ¢ ,oe:e_
[ &3, Kurfiifsten- ThF 112 Jogelstrage
% : Yo T
r plaw [ " Mepgurement
,": Elisabethen- mror Marngin
¢.
Bf Fim-West
§olmsstr.
L
o0 -
E
- )
si. " Ohm “E
Volla- g
& < R -
= Ei Y [+ = "
Sorm g, P e A ECG r s S nhaj
G Frankting = U Meitng, 5, = DA 4 5 #®y, & Weseng s & § i Confidence
B 8/4q = He, ] oy, & 2 (= n SBTE Ellipse
r = . R
Theodonp .~ 7 whimged a g 2 % Ssn. % Guin.§
Or-Heuss. 5 : S 5 - g s OF, o 8t
oo, Himapne, © S 5 3¥ §% % 0§
M E EOdOr‘Heubs}‘”e F:‘ITng‘v % r R:-Illlrl.i— T 3 g ar
& tn ; a ’ atz ;
T Messe- und -3 i . P, = g.f;_x- P ‘?¢. westend
3 I DIRre si- R~ L ) = plaly  @o Hp— .
. | Center o 2 st . Origin: cursor-systems.com

31




mobile N\
business

Usage in MBusiness:

A Advantages:
A Slightly more exact than Cell -1D (50-125 m)
A Lower response time (< 5s)

A Disadvantages:
A Modification of the software on the terminal

E-OTD

33
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business Time Difference of Arrival d TDOA

Time Difference of Arrival (TDOA)

A Also measuring of time intervals,

AHoweverus e of t hdea toaudp |(idnaki
are sent out from the terminal).

A TDOA supports legacyterminals:
All Base Stations have to be equipped with
O MoniStodrmnt war e o .

4 T4
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A Advantages
A Slightly more exact than COO (50-125 m),
A Lower response time(< 10s),

A No modification of the software on the terminal.

A Disadvantages:

A High costs due to the needed upgrade of the
network,

ARel ocation of the ointell

A The customer has no control over his location
iInformation anymore .

35
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business

Angle of Arrival (AOA)

A Bearing with beam antennas

A Was used in analogue systems (still used
today in the USA)

A Set up of an antennae system; then
calculation of the angles to the network

A At least two antennae necessary

A Use is difficult in digital systems (channel -

division and changes of cells)

36
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.

~—

Mast with 6 sectors

[Source: www.nobbi.com]
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business

A Advantages:
A No modification of the terminal

A Disadvantages:

AThe abe am -taai df thenwhaed
network has to be measured.

38
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business

Signal Attenuation (SA)

A Measuring, whether a terminal moves away
from a base station or towards it.

A If one knew the signal strength, one could
calculate the distance of the device from
the base station.

39
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business

Usage in MBusiness:

A Measuring the signal strength is technically very
complex

Achange of the frequency,
Aobstacles like e.g. walls,

Aenvironmental influences like e.g. the
weather,

Aradiation of buildings, ...

ASi mply observabl
beamd on a mobi |
not move.

e
e phone,

by t aki

.
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A-GPS (Assisted GPS)

A Completed via other methods:

A Coupling of efficient GPS receiver in handset with
location server in the network

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

A Use in MBusiness
A Usual application area: navigation applications, logistics
A Recently: Games like Geocaching
A Additional hardware needed, connectivity of handset

A For network operators: enhanced control over location
applications

A Demo:
www.cdmatech.com/docs_details/tech_demos/demos/gpsone_assisted.html

A-GPS

42
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2
Where am | located?
Network Terminal

TDOA AOA E-OTD A-GPS

\ \/ \/ ops
TDOA TDOA E-OTD

o+ + +

RSS AOA A-GPS

[Source: Motorola]

Summary: Positioning-0 t r

44
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Coverage

Rural

Sub-
urban

Urban

City

Precision of positioning

Cell I.D.

Indoor

Tm 3

I | |
10 30 100 300 1000 3000 10000 30000

[Source: Nokia]

45
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Positioning examples

46

4 T4




mobile N\ LBS in 2G vs. 3G

business

AUMTS and LBS:

AUMTS has higher frequency (shorter range)
than GSM.

A Are more cells a trigger for LBS with
Cell-1D?

47
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business Altitude and Direction

A What is missing in present methods?
A Measuring of the line of sight,
A Measuring of the altitude,
A Direction of a movement.

A Solutions
A Infrared beacons,
A Electrical compasses.

A Some technical solutions very complex!

48
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business Infrastructure

Vv

A What does positioning cost?
Aln the terminal?
Aln the network?
A As protocol overhead?

How can roaming work?

How are LBS accounted to meet In a
orivacy friendly manner?

A
A

49
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Navigation:

Entertainment:

Information:

Security & Safety:

Community:

Categories of LBS

ANavigational Services: Navigation on mobile phones.
Some interactive information services;
A Tourism: Spare-time services for non -daily environments.

A Games Mobile Gaming with location component.

A Cultural information: Information service for Location -
based spare time planning;

AFinancial Services: Location-based services with local
financial information and services.

AMedical Emergency Services Location in medical
emergencies;

A Safety & Emergency: 112 localization, emergency
tracking, disaster warnings;
ALaw enforcement : localization for law enforcement

AFriend finder : Social service with high lock -in;
A Dating: Location -based partner discovery and dating;
APrice Finder: e.g. for cheapest Gas Station

Based on [Fritsch and Muntermann 2005] 51
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AOutside
Aln buildings

Navigation Services

52

.




mobile N\

business Navigation dpaid services

NaviGate from T -Mobile
A MDA with external GPS r

[+« Mobile-MDA- g

""I—onmcue

A Routing data on server e

< .. ! ! <
A Traffic jam information on server =
A Route calculation on server

A GPRScommunication for requests T
- ] | 17km  004min | 004mh
A Carrier earns data charge. —C
A The provider earns royalty.

A Payment per invoice of mobile

Pock e

l@‘t

phOne [Source: www.t -mobile.de]

53
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Google maps

Suchen

Navigation outside ofree services

Open street maps

Map ‘ Menu | Stadus |

Breteuil sur-tton uEw .
BASSE NORMANDIE' - e

= d
(‘ha‘lnal ¥ ‘mllanﬁ

. 249. 9km

P
= TeT
L) uerst

[Source: www.gpsdrive.de]
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(1) A ¥ O &oorm

1998 Brencow,

Google StreetView
(Android Market)

Use of compass

Sunseeker
(Apple App Store)

New York nearest places
(Apble Abp Store)

55

4 T4




mobile N\
business
eyeled #&+

ocalized Mobile Systems

www.eyeled.de

Navigation through Buildings

ANavigation in buildings, on fairs, in museums
AWith PDA or smartphones
Alnfrared, Bluetooth or DECT.

56
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