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\—A short terminology

A short terminology

= Location Estimation - Determining devices' physical location
using propertios o the data networks they ar connected o,

= Location Based Services (LBS) - Services that provide valuo
based on a person’ or device’s locaon. (maps, augmented
really, games, dating, etc.)

= Location Provider - Service that provides an estimated
locaton using network Location Estimation
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LThesis‘ Four Main Parts

Joke about that was as much as | managed to slim it down

method and
comparing them
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54

= Used 1o increase rafic capabiltes
N smaler cells

LBackground - Cellular Networks

ropagat
location.
= Neighboring cellnformation racked and used forcoll
re-alocation

e Give example of frequency re-use. Explain what TDMA is (instead
of own frequency, each unit gets a timeslot), how it relates to
propagation delay and can be used for determining location.

e Cells are not really hexagons.

e Little bit about how neighboring cells work
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LBackground - Location Estimation

= Location Estimation- Using features of  network to determine.
the spatial location of devices connected to said network.

= Any type of network information that can be translated 1o
location can be used:

= Signal Srength
u Tiring Data
= 1D of access pointn use.
= Propertes of recoied signa (angle, doay olc.)

& I tis thesis focus on methads using GSWUMTS andior
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LBackground - Location Estimation

Emphasis on more available in thesis

Background -

= Divided into three (often overlapping) types:
-
- ted or ybrid
= 1 this thesis we focus on only Moble-based methods
= Most common methads described in thess. Here only the
tested methods are shown.
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LBackground - Location Estimation Methods

= Coll Global Identy (CGI)
& Enhanced Cell Global identi (E-C
M

D .

)

(pCM)
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LBackground - Privacy - Cloaking

Say quickly what onion routing is. Can elaborate here if time.
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LMotivation

Also say something about the problem of licenses

Two main motvational factors behind tis thesis:

1. Ownership and payment
= Status Quo: Corporaions own yourlocaton. You have 0 pay
1o determine your oun location with your privacy:
= Shouter oo s o pcton, Y s e e 0
i

determine your locaton fraely without sellng you

corporaton.

2. Crowd sourced data and cloaking do not mix. Cloaking
‘Gegrades crowd sourced data. By separating ocation provider
from LBS this can be avoided, but then location provider must
be privacy preserving by nalur.
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LSuggested Location Provider (Brief Summary)

Say this will only be very brief, more in thesis

Suggested Location Provider (Brief Summary) &3

= A systom was suggested and used as a basis or creating a
new location estimation method

= Started by determining threas o the system, and defined a
set of goals

= Maindiscovery: conclusions on how fo protect systom and
ansure prvacy must ba based o siorage and transier
methods, which i turn must bo based on location estimaton

“The open and privacy preserving nature resuls in a
correlation between:

iy conrol

t
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LSuggested Location Provider (Brief Summary)

Say that we looked into, but did not conclude, about the bootstrapping

Brief Summary)
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LIntersecting Areas Method

What is a unique network measurement

& Molivation: Combine the sirengths of DCM with the simiciy
of CGIECGI

= Areas are stored surrounding all observations of a unique
network measremen.
Areas are stored as convex hulls surrounding the exireme
locations hence:
= Sl storage fingerprint
= Fou updatos aro nondod
= Nostore data can be traced back o any individual
= Suggested improvemens o areas for better procision:
= Concave s
= Limied areas, concave or convex hlls
= Location estimation: The intersection of the areas correlaing
1othe network measurements in incoming figerprint is
calculated. The intersecton, o the calculated center of the
intersection is used as estimated location
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LIntersecting Areas Method

Intersecting Areas.
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LIntersecting Areas Method

Intersecting Ar

= Ganfal back to E-CGIwith no exira data or coda when ot
‘enough data avalable:

' Can fall back to CG e extra data and code when ol
enough data avalable
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LIntersecting Areas Method - Benefits

' Low data transer size and frequency (specally for updates)
 Embodies the simpiity of CGIE-CGI

= Embodies the power of CGIE-CGI

= Smallstorage, memory and processing foofprint

= Extremely flexile and adapive o diffeent network squipment

= Used correctl ensures anonymity and privacy of stored data
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LIntersecting Areas Methods - Limitations

Make joke about nobody perfect

Limitations  &f9

= Does not benefi the securly and privacy of data ransfer
other than reducing the amount of updales needed

= By design: Precision cannot be gained using heuristics and
statstics. Such methods requirestoring indvduals locations
‘which is ot compable with prvacy and open access
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L Test System

Test System

' Consists ofthree main parts:
1. Data colection oos

3. Data viualizaton ool
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LTest System - Data Collection Tools

o ogger sofwar

A
u Symbia

Collection Tools

i S50 logger software
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L Hardware logger
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LOpenMoko Software
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LAndroid Software

Android Software




2011-06-21

Master’s Thesis Defence

LSymbian Series 60 Software

Symbian Series 60 Software
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LTest System -

= Greated to gather data and test any locaton estimation
method

' Completely modularize so location estimation, storage and
‘communication methods are implemented as plug-ins
= Four main parts

Back-end e

= Al communications and settings are logged 5o they can be
re-played (possibly withdifferentsoftings or estimation
methods) at alater time
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LTest System - Back-end
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LTest System - Visualization

Say that the example of Intersecting Areas
tool

= Used for analyzing and visualizing gathered data and the
P methods.

method is a printout from this
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L Tests

e For the exact handsets and amount of data, see thesis.

e For a description of the DCM method, see thesis (no time here).
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= Firsttost

a
= Second test

LTwo Individual Tests S st i ot Sy S

rasats
10 Ancrod tets fo sach agoritm
ually for Android and Symbian S60

Individually for each handset type since different data - S60 lacking
neighboring cell info, and the possibility of comparing the performance on
the different platforms/handsets
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LProblems and Results

No time to talk about the penalty value. Please see thesis.

Problems
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Algorthm _Time on 8218_time on L7555
7 T

LResults - Training Time o e

Nothing specific to note here other than that the time spent training is
trivial compared to the time spent estimating locations and is also a one

000019
000038

o
o
024339
024339
041472

041472

time event. And that training time for CGl and E-CGl as expected is much

lower.
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5
: s

5 i

Results - Fingerprint Processing Time B peates

7' Socaert

% e

o e

o Somtoe?

e Processing time for DCM MUCH higher than Intersecting Areas

e Processing time for Intersecting Areas somewhat higher than CGl
AND E-CGl

e The weird unexplainable processor difference on algo 3

0005112
0006172
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LResults - Success Rate i H H H
[ H

e CGl clearly but not surprising highest success
e E-CGil fairly low, but could match CGl if fall-back to CGl was used

e Naturally DCM and Intersecting Areas relying on WLAN are much
lower since WLAN not everywhere

e Intersecting Areas is somewhat outperformed by DCM

e However, when using fall-back to E-CGl Intersecting Areas
outperforms or matches DCM
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LResults - Precision .

:Méﬂgﬁuﬁ

e The Intersecting Areas method is the most precise method
compared to both CGl, E-CGI (not surprising) and DCM.

e Methods relying solely on neighboring cells (not WLAN) have much
lower precision, hardly providing any benefits compared to E-CGl.

e Methods relying on both neighboring cells and WLAN have a
somewhat lower precision.

e This is due to neighboring cells being much larger than WLAN hot
spots.

e However, relying solely on WLAN generally only works in urban
areas with high WLAN-density.
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LConcIusions

= A privacy proserving, open accoss, crowd sources location
stimation system is possible and wil address the issues of

u Prvacy
= Data ounership and payment
= Locaton doaking services degrading location astimaton
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LConclusions

» T itrsoctng Aveas maod s ot onysuted o a prvacy
preserving, open access, crowd sourced location estmation
S/stem, b s several sher benells:

= Higher precison than standard DCM
= Much lower memory,storage an processing fingarpit than

' The problem of the varying opimal panaty vaue ofstandarc
DCM s non-existen,
' Provides a flxibity towards cata, handsels,areas and future
devices and echnalgies not ound i he oiber fesied
as a poential coiruton alsofor fherlocation
estimaton systoms than the proposed
' We have discovered, and addressed, the noed for a lexble
location estimaton test systom allowing tosts on any location
ata with any methods by anybody.
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L Future Work

Skip everything except the first bullet point if no more time

Future Work
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L Resources

tH



http://opengsmloc.org/thesis/defence.pdf
http://opengsmloc.org/thesis/thesis-final-color-gloss.pdf
http://opengsmloc.org/thesis/thesis-final-print.pdf
http://opengsmloc.org/thesis/code.tar.gz
http://opengsmloc.org/thesis/data.tar.gz

