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Abstract—Modern cities continuously struggle with infrastruc-
tural problems especially when the population is massively grow-
ing. One affected area is public transportation. In default of offer-
ing convenient and reliable service the passengers tend to consider
other transport alternatives. However, even a relatively simple
functional enhancement, such as providing real-time timetable
information, requires considerable investment and effort follow-
ing traditional means, e.g. deploying sensors and building a
background communication and processing infrastructure. Using
the power of crowd to gather the required data, share information
and send feedback is a viable and cost effective alternative. In
this demonstration, we present TrafficInfo, our prototype smart
phone application to implement a participatory sensing based
live public transport information service. TrafficInfo visualizes
the actual position of public transport vehicles with live updates
on a map, and gives support to crowd sourced data collection
and passenger feedback.

Keywords—Participatory sensing, Crowdsensing, Public trans-
port, GTFS, Publish/subscribe, XMPP, Demonstration

I. INTRODUCTION

Most of today’s modern cities come up with different smart
services from time to time to make the daily routines of their
inhabitants more convenient. However, implementing smart
city services traditionally requires considerable infrastructural
investments which are expensive, resource intensive and time
consuming. For instance, as public transportation is one of the
most used city services in modern cities its continuous mainte-
nance and improvement is inevitable. Nevertheless, introducing
even a relatively simple extension to the basic service, like a
timetable updated in real-time, calls for the deployment of a
costly vehicle tracking infrastructure (consisting of sensors;
communication and back-end informatics system; front-end
user devices; etc.).

An alternative approach is to exploit participatory sensing
or often called mobile crowdsensing [1], which does not
need such investments, rather it is based on the power of
crowd to gather live data. Fig. 1 shows this scenario. In this
case, the built-in sensors of the passengers’ mobile devices,
or the passengers themselves via reporting incidents, provide
the required data for vehicle tracking and send instant route
information to the service provider. The service provider than
aggregates, cleans, analyzes the collected data, and derives and
disseminates the real-time updates. For sensing the built-in
and ubiquitous sensors of the mobile phones are used either
in participatory or opportunistic way depending on whether
data collection happens with or without user involvement. The
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contribution of every traveler can be useful. Hence, passengers
waiting for a trip can report the line number with a timestamp
of every arriving public transport vehicle at a stop during
the waiting period. On the other hand, on board passengers
can send actual position information of the moving vehicle
periodically and report the event of arrival at/departure from a
stop.
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Fig. 1. Real-time Public Transport Information Service Based on Mobile
Participatory Sensing

In this demo, we introduce and demonstrate our partici-
patory sensing based TrafficInfo application. TrafficInfo is a
simple and easy-to-use Android application which visualizes
real-time public transport information of the given city on
top of Google Maps. It is built upon our XMPP (Extensible
Messaging and Presence Protocol) [2] based communication
framework [3] for developing crowd assisted smart city appli-
cations. Following the publish/subscribe (pub/sub) communi-
cation model the passengers subscribe in TrafficInfo, according
to their interest, to traffic information channels dedicated
to different public transport lines or stops. Hence, they are
informed about the live public transport situation, such as the
actual vehicle positions, deviation from the static timetable,
crowdedness information, etc.

To motivate user participation in data collection we offer a
day zero service to the passengers, which is a static timetable.
It is built on GTFS (General Transit Feed Specification) [4]
based transit schedule data provided by public transport opera-
tors. TrafficInfo basically collects the timestamped halt events
of the public transport vehicles at the stops and/or simple
annotation data, such as report on crowdedness or damage.
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This requires at the moment user interaction but we have been
working on an automated event detection method, as well.

Our experimental system was designed to gain insight into
the exciting area of crowdsensing based applications via real
field experiments. The main contribution of our work is a
proof-of-concept implementation of a real world application
scenario which opens the way for more thorough investigations
and can reveal open issues which were never thought.

II. REAL-TIME PUBLIC TRANSPORT INFORMATION
SERVICE

TrafficInfo basically visualizes public transport vehicle
movements on a map. When real-time data, collected by the
passengers, is available the position information gained from
the static timetable is refreshed reflecting the actual traffic sit-
uation. Thus, passengers can have an idea whether the selected
vehicle is on time or delayed and they have to hurry or look
for some alternative transport. Beyond gathering timestamped
data of halt events at the stops social interaction is also
supported in TrafficInfo through sharing useful information
for the passenger community, like crowdedness, controller on
board, malfunctions or damages, etc.

A. Demo Setup

Our demonstration system architecture (see Fig. 2) consists
of a standard XMPP server, a GTFS Emulator with an analytics
module, and the TrafficInfo application.
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Fig. 2. Demonstration System Architecture

Our live public transport information service fits well with
the asynchronous publish/subscribe communication model
where members of the crowd collect and publish data, and
passengers subscribe to live information channels. Thus, the
XMPP server maps the public transport lines to a hierarchical
pub/sub channel structure. We turned the GTFS database
into an XMPP pub/sub node hierarchy. This node structure
facilitates searching and selecting transit feeds according to
user interest. The pub/sub node model for content filtering in
a transport information feed is depicted in Fig. 3.

Transit information and real-time event updates are handled
in the Trip nodes at the leaf level. The inner nodes in the node
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Fig. 3. Publish-Subscribe Model for GTFS Feeds

hierarchy contain only persistent data and references relevant
to the trips. The users can access the transit data via two ways,
based on routes or stops. When the user wants to see a given
trip (vehicle) related traffic information the route based filtering
is applied. On the other hand, when the forthcoming arrivals
at a given stop (location) are of interest the stop based filtering
is the appropriate access way.

The GTFS Emulator provides the static timetable informa-
tion as the initial service. It uses the officially distributed GTFS
database of the Center for Budapest Transport. The analytics
module is in charge of the business logic offered by the service,
e.g., deriving crowdedness information or estimating the time
of arrivals at the stops from the data collected by the crowd.

TrafficInfo handles the subscription to the pub/sub chan-
nels, publishes events to and receives updates from the XMPP
server, and visualizes the received information.

B. Demo Requirements

The only on-site requirement for our demonstration is Wi-
Fi based Internet access. The XMPP server and the GTFS
Emulator with the analytics module will run at our remote
premises and will be accessed via the Internet. On-site we
will use in parallel multiple Android devices equipped with
TrafficInfo to send/receive massages to/from the XMPP server,
and show as the live traffic updates appear in real-time on
the devices. Attendees can interact with the application and
send information, e.g., 'faked’ crowdedness data, which will
be disseminated in real-time and appear at once on the other
devices.

C. TrafficInfo Details

After launching TrafficInfo the application connects to the
XMPP server. The opening screen is the Google Map of
the city in question on top of which the public transport
information is visualized. In our case, this city is Budapest, the
capital of Hungary. The user can follow the actual positions of
the vehicles associated with the pub/sub channels the user has
been subscribed to (see Fig. 4). Channel subscription can be
initiated and managed under the Settings menu. In the News
panel, annotations are listed containing information about the
active vehicles.

Visualizing the transit feeds and traffic updates in an
appropriate manner has a primary importance as it serves
the ultimate goal of TrafficInfo. Thus, clickable piktograms
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Fig. 4. Main View of TrafficInfo

illustrate on the map the vehicles associated with the sub-
scribed traffic channels. The user can navigate to a reporting
board (see Fig. 5) by clicking on the piktogram where he
has several options to send feedback, such as crowdedness
indication, report on damage or free text message. The server
side processing logic in the analytics module of this feedback
data is a challenging issue which has been under continuous
development.

D. Data Gathering

Crowd sourced services are based on the data collected by
the users. In general, the more data is gathered the higher is
the Quality of Experience (QoE) of the service. However, it
is important to know what the relevant data is. In our case,
data is needed to identify line information, vehicle position,
halt events at the stops with high accuracy, and to detect
transportation events, such as traffic jams, malfunctions and
unusual things. It is critical to be able to automatically detect
these events, but at the moment event detection is possible
only via user interaction in our application.

Towards this end, we introduced a sensor data measurement
module in TrafficInfo which measures and logs continuously
the actual values of the built-in sensors of today’s Android
based smart phones. The automatically logged data is: i)
Base Station information; ii) Wi-Fi network details; iii) ac-
celerometer information; and iv) GPS data. Thus, the imple-
mented network event listeners automatically monitors mobile
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Fig. 5. Reporting Board of TrafficInfo

cell transitions, hand-overs and cellular network parameter
changes, neighboring cell information, Wi-Fi SSID-s and other
Wi-Fi parameters upon detection, acceleration values along the
three axes and GPS coordinates. We store the collected sensor
data in CSV (Comma Separated Values) format. Note, that
constantly monitoring these sensors is energy intensive and
straining the phone’s battery limits the device up-time that
would discourage people from using TrafficInfo. We collect
these sensor measurements only for experimental purposes to
process them later, in an off-line manner. At the moment,
we have been analyzing these traces to identify what sensor
readings with which sampling intervals are needed to detect
the different event types, and we will implement the necessary
client and server side logic accordingly.

The measurement module provides also a user interface
(see Fig. 6) for manually indicating rapid acceleration, halt
events at stops, and whether the user is going on foot or
traveling by vehicle. For some pre-selected transportation lines
we hardcoded stop information to speed up the logging process
and to minimize the human error factor (unintentionally giving
misinformation concerning stop names).

E. Advanced Features

We have implemented some additional features beyond the
core functionality to make the use of TrafficInfo more conve-
nient. Thus, the user has an option for layer selection to avoid
an overcrowded layout. Here the user can mark those traffic
lines from the subscribed channels that are of interest since
hiding the others. The crowdedness information is depicted
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Fig. 6. User Interface of the Measurement Module

above the vehicle piktogram (see Fig. 4) by a colored bar
(red - overcrowded, green - almost empty, yellow/orange - in
between). Furthermore, the estimate for the arrival time of the
selected vehicle is visualized by a progress bar on the top of
the screen, and by an advancing line over the map (see Fig. 4).

III. SUMMARY

In this demo paper, we presented a participatory sensing
based real-time public transport information service and its
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front-end, Android based smart phone application called Traf-
ficInfo. It is aimed to monitor and provide real-time traffic
updates to the passengers about the public transportation lines
of any modern city in case of sufficient participatory users.
TrafficInfo visualizes live traffic updates on the Google Map
of the city, offers reporting options to the users and collects
measurement data from the phone’s built-in sensors.

Our future plans include: automate the data gathering
process and event detection; and provide the user with even
more advanced features, putting the emphasis on user comfort.
We believe that limiting the required user interaction only to
voluntary reporting on unusual incidents can increase substan-
tially the user experience. Moreover, we plan to open up our
system towards other applications which are able to gather
the required context sensing data, because data collection and
live public transport visualization can be pretty much detached
from each other.

ACKNOWLEDGMENT

The publication was supported by the EITKIC_12-1-2012-
0001 project, which is supported by the Hungarian Govern-
ment, managed by the National Development Agency, financed
by the Research and Technology Innovation Fund and was
performed in cooperation with the EIT ICT Labs Budapest
Associate Partner Group (www.ictlabs.elte.hu). Kéroly Farkas
has been partially supported by the Hungarian Academy of
Sciences through the Bolyai Janos Research Fellowship.

REFERENCES

[1] R. Ganti, F. Ye, and H. Lei, “Mobile Crowdsensing: Current State and
Future Challenges,” IEEE Communications Magazine, pp. 32-39, Nov.
2011.

[2] P. Saint-Andre, “Extensible Messaging and Presence Protocol (XMPP):
Core,” RFC 6120 (Proposed Standard), Internet Engineering Task Force,
Mar. 2011. [Online]. Available: http://www.ietf.org/rfc/rfc6120.txt

[3] R. L. Szabo and K. Farkas, “A Publish-Subscribe Scheme Based Open
Architecture for Crowd-sourcing,” in Lecture Notes in Computer Science
8115: Proceedings of 19th EUNICE Workshop on Advances in Communi-
cation Networking (EUNICE 2013). Springer, Aug. 2013, pp. 287-291.

[4] Google Inc., “General Transit Feed Specification Reference.” [Online].
Available: https://developers.google.com/transit/gtfs/reference/




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


