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1 ABSTRACT

The paper discusses experiences of developmentrgateimentation of public motion explorer (PME) tool
as part of the EU FP7 project urbanAPI. This tcad been applied to three EU cities with the objecto
investigate population distribution dynamics an@raymous population movement patterns within urban
environments as an instrument to map shapes ofwatieactiveness and accessibility and as a supmort
transportation and infrastructure planning. Thegpagescribes technical details of the Motion Exgor
application by demonstrating the different applmag for the City of Vienna, Bologna and Vitoria-$b@iz
and it discusses the results of the first rounthefuser evaluation using the Criteria Indicatord Bletrics
methodology. The initial results indicate that #pplication is intuitive and highly useful for cipfanning
and provides the evidence-based information, wigckither expensive or difficult to collect usinther
approaches.

2 INTRODUCTION

Population distribution is since long detected tigto census activities. These data are importanptavide

today insufficient time specific information as pgetion distribution is changing steadily during tbay

because of the various activities making it neagssaaccess various places. Those population mewm&sn
— e.g. for education- , working-, recreation-, tigj- and shopping activities - lead to steadilamting

population distribution patterns during the day.observe these motion patterns, mobile phone lotatita

turn out as a new and appreciated data source vphahises a wide range of possibilities exploringse

data. (Loibl & Peters-Anders, 2012)

Not only communication device location is a valgabiformation source but also the examined relation
interrelations and impacts. All information is helpfor urban planning, urban design and infrasnce
layout. Visualizing those dynamics provides infotima which allows supporting urban planning,
transportation infrastructure improvement etc..sTairticle provides an overview of approaches fdada
analysis to explore motion patterns. The patteteati®n refers to geographic coordinates and titamgs
extracted from mobile communication device locatiata.

3 PRINCIPLES OF MOBILE DEVICE DATA FOR POPULATION DIS TIRBUTOIN AND
MOTION ANALYSYS

3.1 Data representativeness

As Michalopoulou et al. (2010) have proven the igpaelationship between mobile device activitiexla
population distribution, the mobile device volumande taken as proxy data, in order to spatialsciiee
population distribution-, activity - or motion - fp@rns. The mobile phone market penetration (tlazesbf
mobile devices related to adult and teenage pdpuojatan be observed in the EC member states bet@@e
and 130%. (www.mobilethinking.com gives an overviedv the subscriber numbers: 2012 6,8 billion
subscriptions have been contracted which is a rhardeetration of 96%. In Austria (which data aredis
here) 8 million citizens hold around 12 million nieb device subscriptions, resulting in a
subscriber/population ratio of 150%. Al, Austriisgest mobile communication service provider, siepp
in 2012 around 5,3 million subscribers, resultingn ia market share of around 45%.
(http://en.wikipedia.org/wiki/List_of_mobile_netwioroperators_of_ Europe#Austria, observed -3/2014)

These numbers proof a satisfactory representatgeokethe data as proxy to describe the entire [ptbpo
distribution, letting assume that the mobile dewdaribution pattern of large companies matchegequell
with the population distribution pattern. Nevertsd a certain social bias within the data mighk Isé
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possible: In the early days of the mobile commuiwcamarket, people/population groups were attchoe
certain companies depending on their tariffs, thiage, and special services they provided. Adstria
largest telecom company was e.g. known as “busices®mer provider”. But during the last years ¢hes
biases have been declining because of the varioaisges of tariffs, services and image of all preksd
Today usually all companies provide various tayiffeatching all user needs and budgets. Thus the use
observe all competitors and change their subsoriptmore or less frequently (which is even easiece
phone numbers can be kept when changing the pmyideuse phones from several providers (thus the
national mobile subscription volume today oftenemds the national population numbers).

Nevertheless there might be still a (small) sobiak within the data of certain providers, whicls ba be
explored and calculated (Loibl & Peters-Anders,2)01

3.2 Data location information

Mobile communication networks are organized in <ellhere each cell is equipped with an antenna,
mounted on a cell tower, and with a transmitteti@ta supplying the mobile phone subscribers in the
particular cell. (The terms mobile, mobile phoneell cphone and mobile device denominate
telecommunication equipment with diverse functidgat mobile device will be used as general terfihg
transmitter stations link the mobile devices to ith@bile communication provider’'s network. As thiket®m
infrastructure must be prepared to handle incoraictiyities of each customer (talking, texting, eding,
web-browsing), the infrastructure has to observaticoously the connection between each mobile @evic
and a respective network cell.

Each provider uses similar solutions for locating@bile device: location information comes (todagsthy)
from the cell tower to which the mobile devices apanected to. The positions of the cell towerstaken

as location proxies for the subscribers carryindpileadevices, a location accuracy which is -to s@xtent-
sufficient. (Some telecom companies provide a mositriangulation considering the neighbouring cell
towers, which seems to be more accurate.) Movewieotstomers causes motion of their mobile devices.
The mobile devices frequently send/receive sigtiaktay connected to the cell towers. If the signadlity
declines (due to movement of a device), the mattilene will be redirected to a neighbouring cell ebhi
provides the best signal quality.

The volume of mobile devices connected to a celletois restricted to a certain number, becauseatd d
volume limitations. Thus, in areas where a largaarinumber of devices is expected, cell towershaik
more densely resulting in smaller cell extents. Gélésizes can vary from a diameter of a few 1@ders in
city centres to several kilometers in rural areas, shown in various cell tower maps (e.g.
www.senderkataster.at, www.funksender.ch, www.eedliption.com,) As in urban areas the cells are
smaller, the location accuracy is sufficient fotadled spatial activity pattern analysis using thesobile
phone location data.

4 MOTION EXPLORATION TOOL DESIGN

4.1 Objectives

The motion exploration tool makes use of these dathit has been finally applied to the followirlgee
cities serving as case study areas and mobile @eata have been acquired:

« for the Vienna Region where the log file data ¢fA4dl mobile communication service subscribers
have been collected during two weeks, containiragogphic coordinates and time stamps .

« for Bolognha where data for hourly time ranges agated for 100x100 m raster cells have been
provided by TIM, a major Italian mobile communicatiservice company, for a week and

« for Vitoria-Gasteiz where the geographic coordinad@d the time stamps of mobile phone call
initiation, have been provided by Telephonica, gom&panish telecom company, for some days.

Thus for two cities — Vienna and Vitoria-Gasteraw data have been explored, extracted and agegat
raster cells to match the public motion explorati@ta interface to be used for tool applicatiom,Bologna
only pre-processed data were available.
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4.2 Mobile Device Data pre-processing and analysis

Although every day a large amount of mobile dewde¢a is produced in nearly all countries and cdidd
used for mobility and population distribution intigations, relatively few studies are carried oatking use
of these data. The most important reasons forntigt be: (i) there is still a mistrust applyingetie data
violating privacy - from the public side, the sdists and the science funding agencies, (ii) onlfew

mobile communication companies are willing to defithese data, (iii) extraction of the approprztatent
from the log files requires quite some effortsamis of programming expertise and data storagecitgpa

As described above, the Austrian provider Al defiveaw data which allows a flexible exploration of
population distribution pattern changes over tiaggregation of subscriber distribution to indivilspatial
entities and interaction and motion pattern analysy aggregating single trips during the day. The
applications presented below refer to current wehich has been conducted for the Vienna region ngaki
use of sample data for a reference week.

The public (population, stakeholders, planners) mayefit from the applications in several ways {ld
Peters-Anders, 2012), e.g.:

« improving traffic infrastructure by discovering sipatemporal commuting patterns,

e upgrading accessibility or attractiveness aftereclistg and investigating locations occupied by
fewer people than other comparable areas

» Dbetter adaptation of public transportation timddalon demand by exploring the temporal variation
of intensive infrastructure/open space utilization

To deal with such issues logged mobile device {laith its time stamps and geographic coordinates) t
out as a valuable source to explore public motemd infrastructure adoption patterns. Distinct tiamel
location information of the mobile device activitias well as the customer movements allow for gomgp
of the spatio-temporal distribution of the cell pkcsubscribers and applying them as proxy for specific
population distribution.

4.3 Mapping mobile phone user distribution and distribution dynamics

The easiest way to map mobile phone user distdbus to aggregate all customers observed at araiom
within a certain time range. These locations atteeeithe cell towers or triangulated positions dase cell
tower locations and signal quality. Therefore tagadmust be sorted by time stamp, coordinate pailsso-
called IMSI-codes (International Mobile Subscribbdentity) and all double counts of IMSI-codes foet
observed time range must be erased. Finally theleoniMSI-codes have to be replaced by a serialbarm
Figure 1 depicts such mobile phone user totalsemgged to the monitored locations in the Vienng Cit
centre during an early morning hour. Larger ciréteficate more phone users linked to the particoédr
tower. Small circles inside large ones indicatalatib-cells (e.g. within buildings).

%,
Il

i

el
ﬂ[g 3 e

\

Figure 1: Mobile phone user totals, linked to tieamest A1 network antenna in the Vienna centraeglesimorning pattern 2009
Source: Data Al, processing: AIOT - Austrian Ingétof Technology GmbH.

The numbers of mobile device users by cell do miver a density pattern. Generating density paster
requires aggregating user numbers within certadasafe.g. districts, network cells, grid cells)eT@maller
the network cells and the smaller the analysidieat{census districts, traffic cells) the high&the spatial
resolution for visualizing the distribution pattern

Proceeding®REAL CORP 2014 Tagungsband ISBN: 978-3-9503110-6-8 (CD-ROM); ISBN: 978-3-950817-5 (Print) M
21-23 May 2014,Vienna, Austria. http://www.corp.aEditors: Manfred SCHRENK, Vasily V. POPOVICH, Pef#EILE, Pietro ELISEI



Exploring Population Distribution and Motion Dynamsithrough Mobile Phone Device Data in Selectece€iti Lessons Learned
from the UrbanAPI Project

Such a spatial aggregation of mobile phone locatita by time-slices has been conducted applyieghéd
data for different time steps to depict the diurpapulation distribution dynamics. Figure 2 presesb
called “heat maps” showing the population distiitau of mobile device subscribers (here the distrdn at
10:45h and 13:00h, November 19th, 2011).
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Fig. 2: mobile device subscriber distribution ire¥ha related to 500m raster cells. Source: Datgp#Aitessing and development:
AIT - Austrian Institute of Technology GmbH (Loi8l Peters-Anders, 2012)

The data allow examining not only distribution afpplation within space but also the comparisonhef t
variation of space occupation over time (Figure 3).
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Figure 3: Visitor occupation characteristics durihg day in selected places (1x1 km2 cells) witfienna based on mobile phone
log data. Source: Data Al, processing and developmédT - Austrian Institute of Technology GmbH
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Figure 4: Structure of a static O-D matrix

4.4 Motion exploration

Heat maps as shown above (Figure 2) present ofilpa®mipation density pattern for time steps. EXpig
motion requires data on interaction — on movemeahfone cell to another. The matrix below (Figuje 4
shows the organisation of such interaction data -araorigin-destination (O-D) matrix — each matett
contains the number of travelers moving from ongiorto a destination cell.

But this matrix still provides static informatiotiie general motion pattern of persons within ardefitime
range. To extract data on motion dynamics trip rchaf person groups for origin cells during a deg a
collected by aggregating origin-destination intémactotals for regular time steps — e.g. 15 minatervals,
hours or a set of hours, depending on the requémgoral resolution.
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The required structure for examining motion dynamis: for each origin cell rows per time step are
provided, where the destination cells contain thedler totals, targeting destinations. The tabstarcture
has to be repeated for each origin cell. Thus mevesof the inhabitants of each origin cell can be
visualized through animated maps. As a map can simyv the movements starting from a single ced thi
origin cell has to be selected first. The map phekw depict — as an example - the destinatiols !

moving inhabitant groups from two origin cells thosv the local differences in movement behaviour
(Figure 5).
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Figure 5: Comparison of target traffic from 2 diffat source cells (left versus right) — entriesrdiree. Source: Data Al, processing
and development: AIT - Austrian Institute of Techogy GmbH

4.5 Tool development

A Web based tool has been developed providingoBcgpions:
* Application 1 Mapping of diurnal population distufion patterns,
» Application 2 Mapping of motion dynamics for intetizely selected cells (targets or origins), and
« Application 3 Depiction of the diurnal visitor oquation of an interactively selected cell.
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Figure 6: Mapping of motion dynamics for interaetiwselected cells (targets or origins), and pregim of the diurnal visitor
occupation of an interactively selected cell. (Apgtion 2 and 3). Source: Data Al, processing awtldpment: AIT - Austrian
Institute of Technology GmbH

5 PRELIMINARY EVALUATION RESULTS

Using CIM methodology (Khan Z, et al 2013a; KhaneZz,al 2013b) an evaluation design process was
carried out that resulted in detailed evaluatigteda, sub-criteria (derived from 1ISO 25010 chagaistics)

and their respective assessment indicators andhtegigjuestions. The objective of the interim eviadua
was to assess the usability, functionality, besefind relevance of urbanAPI applications against us
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requirements and pre-defined criteria. The ovexaflluation participation rate was very promisinglés
expert users from three case study cities and stédker board, with different roles and expertige urban
planners, policy makers, GIS experts, IT experts athers, participated for the interim evaluatiérPME

applications. Due to space limitations we brieftggent usability and benefits results.

The PME application is accessible via a web-bagseghical user interface that shows visual maps and
provides various interactive features. Most of ¢haluation results indicate that the PME applicai®an
effective source of information to identify popudat distribution and mobility patterns across tlitg that

can potentially be used for urban and transpontrptey and policy making. PME application allows end
users to interact with the city map and to exploopulation distribution and mobility patterns. lé@allows
showing dynamically changing space occupation &ious zones of the selected city.

One of the major limitations identified is the laskappropriate quality and granularity of GSM détdth
necessary details) acquired from different mobdevise providers. This data does not provide sigific
details to fulfil all necessary requirements of ergérs e.g. examining social biases, transportatiode,
position accuracy, live/active and dead mobile dewionnections etc. Nevertheless, the cross-cosqgraof
features supported by available data from differeabile communication providers indicate strengththe
application as well as identify additional datanedésits needed to support similar features for otitass.
This indicates that application itself has the ptité to contribute significantly in gaining insighof space
usage and mobility analysis. However, the overafiysation distribution and mobility patterns regesan
approximation but still are useful to gain this &kiof information which otherwise is not availabletoo
expensive to acquire at city scale. Further, ivjgles sufficient information to initiate new plangiprojects,
decision making and policy making. Most of the eaabrs found application intuitive and easy to
understand and use but also indicated that resol@f maps can be enhanced and intuitiveness can be
further improved e.g. by providing context sensithelp. In addition, it is recommended that sué¢abkans
should be adopted to build capacity of end usexssuificient training/guidance depending on thdl skits
and IT background of end users.

6 CONCLUSION AND OUTLOOK

The presented examples give some insights intoeKpdoration possibilities to be carried out by gsin
mobile phone data sets. The evaluation resultsatelibenefits and potential of the application &igb
identify need for quality and granularity of datareents needed to support a variety of planningisiead
user requirements. For the future faster visuatisand better elaborated tools can be expectedwvaiiow
the delivery of web-based dynamic maps on demandxplore single time slices and in a more farrtu
real time data on the fly - given that there w#l & closer collaboration with the mobile networ&vpders to
do this. Concerning 3D visualisation one of thegbigf challenges will be to find appropriate repnéest#ons
of the data in the 3D scenario as well as apprpiigteraction mechanisms. Furthermore, suitabée pr
processing steps of the data towards these repagises must be explored and implemented. Beyoadith
would be interesting to link the (anonymised) motidata with additional data like age, sex or octiopao
gain deeper insights into the behaviour and halbitse moving population of a city.
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