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The Next Generation of LBSs

Functions and Challenges

Axel Klpper
[axel.kuepper@ifi.Imu.de]

Lehrstuhl fur Mobile und Verteilte Systeme
Ludwig-Maximilians-Universitat Miinchen

= LBS Classification

= Breakdown of the 1st LBS Generation
= |LBS-The Next Generation

= Challenges

= Conclusion



LBS Classification
Application Areas

Child Navig_ation
) tracking Services Mobile
Traffic gaming

telematics Mobile
Finding . _ _ marketing
stolencars/ L BSs provide information that :
. d .I d | d Finder
Efpergency 1S create_ , compiled, se ected, services
services or filtered taking into
: . Supplem.
. consideration the current @
care

locations of their users or

those of other persons Goods
Pet : : tracking
(targets) or mobile objects
Alert
Community services
services _ Safety
Toll services
S collecting

<}
)
=
)
=
Q
o
X
w
2
S
)
=
S
o
-
o
D
7]
®
e
=
o
o
=
7
=
P
g

s




LBS Classification
Finder Services - Self and Cross Referencing

Restaurant Finder
= Shows the user on request a list of nearby restaurants
= Reactive/self-referencing

Buddy Finder

= Shows the user on request a list of nearby buddies

= Displays only distance to the buddies, not their position
= Reactive/cross-referencing

l 1 f

| \l 1 ,

| wo s 1% BUDDY ALERT
schwimmtaam ’ Danial ca. 0,3km

0172300228

nina co. 0,7km
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Source: Mobiloco GmbH (http://www.mobiloco.de/)



LBS Classification
Alert Services

= Alert Services
* Notify user when she

selected points of interest
(e.g., landmarks) and
deliver background
information to her

= Proactive/self-
referencing
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LBS Classification
Proactive Location-based Community Services

= Notify the member of a community when...
= ... another member approaches her or
= ... departs from her.

Alert me when
Bob is nearby!

»\) Eva
z\

= Proximity is defined by P
proximity distance p
= Correlation of position data at the application server

= Proactive/cross-referencing
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LBS Classification
Functional Classification

User/service-
interaction:

User/target
relationship:

Target/target
relationship:

Direction of
mapping:

Environment:

1. Generation

é<ﬂ>\

reactive (pull)

s

self-referencing

2,

single-target

A

location-of-target

2

outdoor

<40%p | -

proactive (push)

== X

cross-referencing

multi-target

= D>T%%

targets-at-location

3

indoor



Breakdown of the 1st LBS Generation
Overview of Predicted LBS Revenues

= LBSs turned out not to be the next big thing as often
proclaimed by market analysts in 2000

UMTS forum (2000):

Location-Based Service Revenues by Region
2005 and 2010

Research firm Berg Insight
(2005): "Revenues from mobile
location-based services (LBS) in
0 the European market will grow
& by 153 percent during 2005 to
reach 274 million euros

000000

($M)

vice Revenues

S0
Asia Pacific Europe North America Rest of World

\D 2005 $755.6 $1,144.8 $679.7 $84.4

_2010 $2,439.6 $3,321.1 $3,768.6 $396.7

Source: Telecompetition Inc., July 2000.

= Different situation in different regions of the world
= Japan: success of navigation services
= Korea: success of mobile entertainment/gaming
= Europe: some finder services but no commercial success
= US: E-911 but no commercial success
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Breakdown of the 1st LBS Generation
Reasons

» Indifference of Mobile Network Operators

* Network-centric approach created by
standardization
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Breakdown of the 1st LBS Generation
Network-centric LBS Supply Chain

. Application

H‘[ \” server
M\

provider
GSM/UMTS positioning Supply of position data
(System-specific ‘ ‘ { W Content
signaling/Cell-Id) Content ““ server

provider

*) Fees for purchasing location data from an operator at the Gateway Mobile
Location Center (GMLC):

YODAFONE (UK) LOCATION REQUESTS T-MOBILE (UK) LOCATION REQUESTS
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5 MONTHLY YOLUME CHARGE MONTHLY YOLUME CHARGE
& 0 - 50,000 £0.088 0 - 99,999 | £0.095
< 50,001 - 250,000 £0.075 100,000 - 249,999 £0.085
) 250,001 - 500,000 £0.069 250,000 - 499,999 £0.075
< | 500,001 - 5,000,000 | £0.063 L}; 500,001 - 5,000,000 £0.065
[_p!

Quelle: ZIM Corporation (http.//www.zimepl.com/)
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Breakdown of the 1st LBS Generation
Reasons

Indifference of Mobile Network Operators

Network-centric approach created by
standardization

Little interest for data services in general

No research and development before 2000
Inaccurate/premature positioning technology
No position management

Unavailability of geographic content

Lack of mechanisms for saving privacy
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LBSs - The Next Generation
Basic conditions are changing ...

* Increasing market penetration of mobile devices
equipped with...
= ... GPS or Assisted GPS
= ... data services (GPRS, UMTS PS, and WLAN)
= ... Symbian or J2ME

= Stronger consideration of LBSs in R&D activities
than a few years ago

* Emergence of new enablers and technologies

= Higher acceptance rate of innovative data
services in general
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LBSs - The Next Generation
Example: GPSoverlP

) GPSauge - Mozilla Firefox
Datei Bearbeiten Ansicht Gehe Lesezeichen Extras Hife

G- - & O D | hitpsfwwn.gpsauge.def = © |G
Google - | cpsoverre =l <|' G/ suche ~ g5 FaoeRank o] optionen & GPSoverlP

GPSauge | /= N

GPSoverlpP®

Willkommen bei GPSauge

Das GPSauge ermdglicht Thnen die bestm dgliche Kontrolle
uber Thren Fuhrpark.

2 44 Behalten Sie Ihre Fahrzeuge im Blick.

lgen Sie ugen ab jetzt sekundengenau auf Google Earth! Die aktuelle Software |

Quelle: GPSoverlP GmbH (http://www.gpsoverip.de/)

Axel Klpper
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LBSs - The Next Generation
Conseguences of changing conditions ...

» LBS supply chain changes
= Network-centric supply chain is replaced by a device-centric
one
= New actors (content providers, web hosting companies,...)
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LBSs - The Next Generation
Device-centric Supply Chain

Classical Supply Chain:

N esmumTs positioning Supply of
(System-specific position data
signaling/Cell-1d)

Device-centric Supply Chain:
i

&ﬁﬂ
Positioning

Terminal-based

Supply of position data

positioning via user data channels
(GPS/Galileo/E-OT (GPRS/UMTS/WLAN)
OTDOoA/WLAN)
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LBSs - The Next Generation
Conseguences of changing conditions ...

= LBS supply chain changes

= Network-centric supply chain is replaced by a device-centric
one

= New actors (content providers, web hosting companies,...)

* Open service market and multi-provider
environment

» Basically each person can create its own LBS (possibly
supported by tools offered by web hosters)

= New functions

= Service diversity and broad range of niche market
applications
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Challenges
Overview

= Positioning
= Higher availability of positioning services
= Standardized technologies for indoor positioning
= Positioning handover

= Position Management

= Low level position management: exchanging position data
between GPS device and application server

= High level position management: correlating position data of
several targets
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Challenges
Position Management

Application
server

= Deals with the exchange of
position data between a GPS-
capable mobile device and the
application server @ Register

e
f ‘\‘\H
m
I

il
Ll

=
-

-------------- _onllingReSponse(---)
Position Fix

>

3

8 >

() . .

u&: » Temporal/Spatial triggers y UpdateRequest(...) €)'

% = |Immediate position update Position Fix,

2 = Periodic position update -

..E_ Position Fi .

5 = Distance-based PU (e.g., child PR @ PositionUpdate(.)

% tracking) Position Fix @ PositionUpdate(...) R
= Zone-based PU (e.qg., Pol alert ition Fi

;E, _ ( J ) Position Fix, <_ReplaceUpdateReq(...) [5)

'% = Request of position data Position Fix,

< PollingRequest(...) a

x Position Fi)&

O

S

=y

8 Axel Kipper
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Challenges

Functions covered by the Next Generation

User/service-
Interaction:

User/target
relationship:

Target/target
relationship:

Direction of
mapping:

Environment:

The Next Generation

1. Generation

—>
+—-
reactive (pull)

s

self-referencing

2,

single-target

o=

location-of-target

2

outdoor

- !
e |
proactive (push)

= X

cross-referencing

multi-target

I 43

targets-at-location

€3

indoor

18



=0
Q
ko
S
()}
Q.
X
L
L
5
()
=
[T
(]
>
O
it
(70}
Q
K =
=
o
o
5
£

Challenges
Overview

= Positioning
= Higher availability of positioning services
= Standardized technologies for indoor positioning
= Positioning handover

= LBS Middleware

= Low level position management: exchange of position data
between GPS device and server

= High level position management: correlation position data of
several targets

= Privacy protection
= Anonymization
* Privacy policies
= Mechanisms for reducing peer-group pressure

19



Challenges
Privacy Policy

= Alan Westin (1970): "Privacy Iis the claim of individuals, groups,
and institutions to determine for themselves, when, how, and to
what extent information about them is communicated to others."

= Privacy policy: assertion that a certain amount of information may
be released to a certain entity under a certain set of constraints

= Examples
o “My wife is allowed to know the city in which I'm currently staving.”

e “My superior is allowed to automatically track me in terms of exact coordinates if
and only if
— it happens during the working hours, and
— I'm staving on the company’s premises, or

— I'm visiting clients.”
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= Risk: peer-group pressure if superiors/relatives/friends are excluded
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Challenges
Reducing Peer-Group Pressure (1)

= Plausible deniability

= Potential observer of another person cannot determine whether
a lack of disclosure is intentional or not

= From a user's point of view (Louis) it is not clear whether the
temporal untraceabillity of the target (Eva) is deliberate or due
to missing radio coverage

= Positioning attempts must be deniable without reporting the
reason of failure to the requesting user

Eva wants to know
your location.
Do you agree? Where is Bob?

L BS Bob's location is currently

> not available >
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Challenges
Reducing Peer-Group Pressure (ll)

= Fair trade of location data
= "Tell me yours, | tell you mine"

= Target only agrees on positioning if the requesting user also
discloses her location

= Should LBS tools/middleware permit the development of one-
sided cross-referencing LBSs at all?

Location Request
[from: Eva@home] Where is Bob? Eva
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Location Response LBS
5 [Bob@pub] R\ Bob is in the pub
Q.
S
=
2 Pub Home
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Challenges
Reducing Peer-Group Pressure (lI)

= White lying
» Deliberate falsification of locations reported to other persons
= Bob: "If Eva wants to know my location, tell her I'm in office"

» Risk: a target's lies can be discovered the more telltale and crude
they are

= "If Eva wants to know my current location and
she is not in my office and
we are at least 5 km apart, then tell her I'm in office"

Location Request
[from: Eva@home] Where is Bob? Eva

Location response LBS
[Bob@pub] Bob is in the office

Check
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Challenges
LBS Middleware

High-level
Position

Management

Low-level
Position

Management

Positioning

Applications
Proxinrity Separa!ion Navigation foTr:::tsi;n
Privacy Detection || Detection <:>
Zoni Rev./Geo-
oning coding | Core
Services
Pollin PU PU PU Dead
9 periodic | [distance|| zone Reck.
Positioning selection
Ei Geographic content
GPS‘ A-GPS' Galileo| | TDoA '”Qetr' E-OTD! &
prin GIS functions
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Conclusions

= 1st LBS generation did not succeed

» GPS-capable phones and devices as driving
force behind open service market and service
diversity

= Functional identification of LBSs for identifying
required basic mechanism

= Challenges for the next generation

= Advances in positioning technologies

= Development of position management
= New mechanisms for privacy protection
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