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ABSTRACT:

The dawn of GeoWeb 2.0, the geographic extensioWeldf 2.0, has opened new possibilities in termsntihe dissemination and
sharing of geospatial contents, thus laying thedations for a fruitful development of Participat@|S (PGIS). The purpose of the
study is to investigate the extension of PGIS apilbns, which are quite mature in the traditidniadlimensional framework, up to
the third dimension. More in detail, the systemwti@ouple a powerful 3D visualization with an iease of public participation by
means of a tool allowing data collecting from meldlevices (e.g. smartphones and tablets). The B@fcation, built using the
open source NASA World Wind virtual globe, is fosed on the cultural and tourism heritage of Comy titcated in Northern
Italy. An authentication mechanism was implementefiich allows users to create and manage custonprefcts through
cartographic mash-ups of Web Map Service (WMS)ray8aved projects populate a catalogue which adable to the entire
community. Together with historical maps and therent cartography of the city, the system is albte d0 manage geo-tagged
multimedia data, which come from user field-survpgsformed through mobile devices and report PBtirts Of Interest). Each
logged user can then contribute to POls charaetiwiz by adding textual and multimedia informati@ng. images, audios and
videos) directly on the globe. All in all, the réting application allows users to create and sleardributions as it usually happens

on social platforms, additionally providing a reéiti 3D representation enhancing the expressiveepofidata.

1. INTRODUCTION

Paradigms for publishing geographic informationrobhe Web
have radically changed in the last decades. Thieatmn of
services related to online fruition of geospatiaformation,
defined by Scharl and Tochtermann (2007) as thesyssial
Web, has experienced such a revolution that the @eoWeb
2.0 was coined to define it. According to Magui®@7), this
new model represents nothing but the geographiensidn of
the wider overturn of Web nature known as Web 2®ReEilly,
2005). The concept provides a clear explanatioth@fcurrent,
innovative generation of Internet applications eletgrized by
an unprecedented user interaction in terms of dhissing and
sharing contents.

In turn, the advent of GeoWeb 2.0 proved to betildeground
for a new, incredible development of the so-caRediticipatory
GIS (PGIS). The term was initially introduced ire tinid-1990s
to stress the social role of GIS as a tool for mtiny public
intervention in decision-making processes (Siep@06). Aside
from the rise of Web technologies, an additionaputse for
PGIS development was recently brought by the massivead
of mobile devices, which are equipped with sengers. a GPS
receiver and a camera) to geo-tag multimedia césitemd a
non-stop Internet connection to immediately Weblghlthem.
In this context, PGIS applications are rapidly &irgg towards
Web-based, community-shared platforms in which sisme
able to manage their own data and, according tpahadigm of
neogeography (Turner, 2006), to also create cugtmminash-
ups from multiple sources of geographic information

As a result of PGIS historical evolution, availab&searches
prove to be highly heterogeneous in terms of bbth RGIS
investigated aspect and the related technologiekileWa
number of studies is focussed on PGIS motivatiahiensocial
and critical role (e.g. Elwood, 2006), recent yd@mse seen an

exponential growth of attention on PGIS softwareedigpment.
Anyway, although some attention has been givenatb IGIS
applications somehow promoting public participat{erg. Hall
et al., 2010) and field-data collection using mellkvices (e.g.
Burke et al., 2006), a couple of considerations lmarninferred.
First, few academic research has studied the imgigation of
participatory systems able to address the problérentirely
managing data from its collection in situ to its Weublication.
In addition, literature is almost silent about PGiEplications
involving user data interaction also in the thifchension.
Against this background, the purpose of the stgdy ibuild up
a Web-based, participatory system able to: a) afitimens to
perform field surveys using common mobile deviaesnpiling
and submitting ad hoc questionnaires together wmititimedia
contents (e.g. images), which are registered thrdhg mobile
device sensors and then georeferenced through ¢hveced
positioning services (e.g. the GPS); b) store aadage field-
captured data into a spatial database and providsb W
publication using standard protocols; and c) buifda Web-
based system offering not just a 3D visualizatioterface, but
also an overall framework allowing users to mandgt& and
create customized maps.

The proposed architecture was exploited for thatme of a
PGIS application focussed on the report of cultaral touristic
Points Of Interest (POIs) of Como city, located iortiiern
Italy. Besides showing the extension of PGIS apptioa to the
third dimension, the results should also providepsut for
using the system in circumstances characterizethéyeed of
real-time, field-collected data (e.g. emergency agement).
The paper is divided into four parts. First, itieavs the existent
literature relevant to PGIS development as a carsseg of the
Web 2.0 revolution. Next, system architecture igspnted in
detail and the attention is focussed first on #sué of field-
data collection through mobile devices, then onapglications
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used for implementing a participatory system with Gntent
visualization. The paper concludes with a summafythe
study’s contributions and directions for futuregaxh.

2. BACKGROUND

In this section, the evolution of Internet mappiogls after the
dawn of GeoWeb 2.0 and the state of the art comgpGIS
applications are discussed, thus providing a sulitivation for
developing the participative system described later

The first era of Geospatial Web (also referred $oGeoWeb
1.0) was characterized by the same limitation efwimole Web
1.0, i.e. a poor interaction making user experiamaespecially
pleasurable (Haklay et al., 2008). In this firsigd, geospatial
information was supplied by public mapping ageneiesording
to a top-down, authoritarian paradigm (GoodchildD?). The
tremendous shift brought by Web 2.0 (O’'Reilly, 20@8pwed
the development of rich Web applications, whichamee more
and more similar to the traditional desktop onesf@m, 2005)
by enhancing user interaction. The new, bi-dire@lapproach
gave people no longer a mere data access, buhémee to also
generate and share contents, e.g. into blogs, aikis social
networks. The corresponding change of Internet mmapools
caused by GeoWeb 2.0 (Maguire, 2007) was indeeddated
at the end of last century by the work of the Ofospatial
Consortium (OGC), which began to establish standardd/eb
mapping interoperability (Peng and Tsou, 2003).

One of the strongest shifts brought by GeoWeb @dk place
in the field of technologies, where Application Bramming
Interfaces (APIs) transformed Web mapping applicetifrom
static, complex and restricted to a small publa,dynamic,
easy to use and accessible also for non-experésterm PGIS,
which was coined at about the end of last centutyighlight a
shift from the technical to the social aspect o§Glas totally
reshaped by some GeoWeb 2.0-related concepts.diticadto
the one, already mentioned, of neogeography (Tur2@06),
the ideas of Volunteered Geographic Information datild,
2007) and crowdsourcing (Howe, 2006) were usedtxeive
humans as sensors able to register geographiariafmnm from
the ground. This possibility has exceptionally gnothanks to
the huge variety of sensors installed on currerttifra@evices.
As a consequence of all the factors discussed uppwg PGIS
systems have been evolving from being simple, dgskased
(or even paper-based) viewers, to become Web-babeded
platforms allowing users to dynamically add and éukir own
contents and create customized mash-ups. Beingatidressed
to the entire user community, PGIS applicationstrmeke use
of standards in both data formats and servicesy Test also
be able to manage different user profiles providét different
privileges, and to finally allow users, based oeirtlsame own
privileges, to act on data (i.e. add, modify, deletd save data)
and export customized map mash-ups.

Literature examples of PGIS systems offering aitiathl, bi-
dimensional data interaction are quite common. Alvall of
them deal with planning-related disciplines andpafterior to
the birth of Web 2.0, they are also Web-based. $Jarr able to
intervene by adding geo-tagged comments (e.g. Riehe.,
2008; Bugs et al., 2010) and, in few cases, dataatimn from
mobile devices is also allowed (e.g. Maisonneaua. £2010).
Within the open source field, some participativeb/pdatforms
for 2D-managing and sharing geospatial data, egpNade
(http://geonode.org) and MapStore (http://mapstee-
solutions.it/mapstore) have become almost matategtating a
map server for WMS (Web Map Service) data dissetisinaa

framework for user administration, a database alebGIS
viewer, they allow to save and share customizedsmapose
layers can derive from both the upload of user data and the
exploitation of online available maps.

Three-dimensional access to geospatial informéatas instead
gained interest only in recent years thanks taialrglobes, i.e.
software allowing to explore the Earth in 3D whigeaming
satellite imagery, elevation and other data frora thternet
(Schultz et al., 2008). Though virtual globes haweeasingly
evolved from simple viewers to applications aiméa ool of
complex scientific purposes (Brovelli and Zambon12),

literature does not provide examples of 3D PGI&qlas built

using virtual globes technology.

3. METHODOLOGY
3.1 System architecture

This section offers a technical overview of theeleped PGIS
platform, which is focussed on the cultural andrigm heritage
of Como city (Northern lItaly). The implemented atehture,
depicted in Figure 1, consists of a server-side antient-side
component. The first one stores and manages atlatewhich
is needed for working on the system; the secondpraeides
instead the tools for user geographic navigaticsh iateraction
with the platform.

Thanks to Open Data Kit (ODK) suite (http://operadétorg),
users can exploit their mobile devices to repamigicant POIs
(see subsection 3.2). The ODK suite is composedhide
modules providing complementary functions, i.e. OBHild,
ODK Aggregate and ODK Collect. ODK Build module al®w
to design the form (i.e. the questionnaire) tharsiwill then
compile on the field. The form template is subsedydoaded
into ODK Aggregate, which works on an Apache Tonseater
(http:/tomcat.apache.org) backed with a Postgre8@iabase
(http://Aww.postgresqgl.org), provided in turn withe PostGIS
spatial extension (http://postgis.net). ODK Aggtegés the
server-side component of ODK suite and is alsoamsible for
user administration. It provides blank forms tod amccepts
compiled forms from ODK Collect, which is the suitkent-
side component and runs on Android mobile devices.

POls field-collected data is then Web-publishedthwy spatial
server GeoServer (http://geoserver.org) and acdess&ML
format by the PGIS client, that is developed us$iigA World
Wind virtual globe (http://worldwind.arc.nasa.gawa) (see
subsection 3.3). Within the participatory platforosers are
able to create and export map mash-ups by combining
customized WMS layers (e.g. historical maps and dhg
current cartography), which can be retrieved botmfthe same
GeoServer and also from external available WMS uess
(see subsection 3.4). This is possible thanks tMy&QL
database (http://www.mysql.it), which also storesers’
credentials and related privileges.

User data interaction (i.e. reading, adding, editimd deleting
actions) is managed by the PGIS server runningdénsi
GlassFish application server (https://glassfiskajaet), which
makes use of servlet objects for communicating Withclient-
side of the platform. Users are also able to colatively
contribute to POls characterization by adding comtsend
multimedia contents (i.e. images, audios and vigetsus
increasing the social nature of the platform. Thent-side of
the system is also able to interface with the whaleb, as
possible HTML links contained in POIs descriptiotsn be
regularly accessed.
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Figure 1. Architecture of the system

3.2 Points Of Interest field-report

As already stated, the developed PGIS platfornodsigsed on
the cultural and tourism Points Of Interest (PQislonging to
Como city, that users can report using their modhéeices (e.g.
smartphones and tablets). The first step is theisléisign of the
report questionnaire, which is achieved throughQipx Build
module and consists in the definition of the questiand the
corresponding types of answer (choice of one optitthin a
list, text, image, etc.). In detalil, users are dsteindicate the
date of the report and to choose both the categary the
typology of the POI they are reporting. In partanlIPOls are
classified into eight categories, i.e. points wimoramic view,
transport stations, monuments, historical/monuntdntiédings,
places of worship, places of artistic/cultural wtes, sports
facilities and events. In turn, each category gsodifferent POI
typologies: a place of worship can e.g. be classifis church,
baptistery, convent or cemetery. Users have themwdwide the
name of the POI and a description of it. Finalhgyt are asked
to register their current position (using e.g. degice GPS) and
to provide an image of the reported POI, by takingjicture in
real time with the device camera or by uploadingnaage from
the device archive. To enlarge the class of paknsers of the
platform, the questionnaire is offered in multideguages, i.e.
English, Spanish and Italian.

Once the questionnaire template has been designedn be
uploaded on the ODK Aggregate module, which is agd on
a local Tomcat server backed with a PostgreSQL bdata
ODK Aggregate component allows to manage both foanms
users. About forms, it defines whether they are moadable
and whether to accept submissions of those formgio@s for
exporting form submissions in multiple formats armputing
statistics on form answers are also available. Goirog users,
the ODK Aggregate module allows to manage bothsused
their related privileges, i.e. downloading formsQ®K Collect
and submitting finalized forms to ODK Aggregatdtefing and
exporting submissions from ODK Aggregate, uploadargl
deleting form templates on ODK Aggregate, etc. lnahe
ODK Collect Android application allows users to menfi POls
field-surveys using their mobile devices. After ddeading and
installing the application, users have to connecthe ODK
Aggregate server and authenticate. They can theesacdhe list
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of available questionnaires and download the oneeporting
POls. Choosing then to compile a blank questionpaisers
access the preset list of questions and providedhresponding
answers (see Figure 2): date of the survey, categypology,
name and description of the POI, position and image

Questionnaire compilation does not require an actiternet
connection and allows users to only save their arswAfter
that, they can choose if editing again the answefsre the
final submission, or (having this time an Internetnection) if
sending the finalized questionnaire to ODK Aggregat

ODK Collect > Point O Intel

Picture showing the point of

place of worship jhtarect
A Take a picture of the point of
interest using the device camera or
/‘-b upload a picture available on the
L .)Jl i device.
- pla;g gf artistic/cultural Take Picture
activities

Choose Image

sports facility

Figure 2. Screenshots of the ODK Collect applicaf@n
reporting POIs, showing the choice of the POI catgdleft)
and the POI picture taken with the device camégatlr

3.3 POlsthree-dimensional visualization

As mentioned in subsection 3.1, Points Of Interegorted data
is stored into a PostgreSQL database, whose Posi&al
extension allows GeoServer to read and Web-putiisin.
Three-dimensional visualization of POIls is achiethtbugh
the NASA World Wind virtual globe, which is a freed open
source, cross-platform Java Software Developmeht(8DK)
allowing to generate interactive Web visualizatimfsthree-
dimensional globes, maps and geographic informalibe API
provides a set of components allowing to displayg&gdspatial
contents as Java Application, Java Applet or Jawbh \Start
Application. Other components are available fordexing the
shape of the planet, overlapping geographic laysing the
scene rendering and controlling the user view. Aection of
aerial and satellite imagery as well as digitataier models,
supplied by NASA and United States Geological SunévS
servers, is also available by default. In additiooth 2D objects
(lines, markers, images, etc.) and 3D objectsr{dgis, spheres,
extruded polygons, etc.) can be placed on the gholtein the
surrounding space.

The World Wind-based PGIS platform, developed as Jseb
Start Application, accesses the GeoServer POls layahe
KML format and renders it on the globe using diferlevels of
detail. Specifically, distinct symbols are used fahe
representation of POIls depending on the altitud¢hef user
point of view over the globe. For high altitudesasic
placemarks are used to render all the POls regardie their
nature (see Figure 3).

At medium altitudes, Points Of Interest are renderging eight
different icons identifying the category they bajam. Finally,
at small altitudes other specific icons, which coterize the
typology of POls, are used (see Figure 4). Whatthealtitude
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of the user point of view, when a POI on World Wividual
globe is clicked, a balloon appears showing theesponding
ODK Collect-reported information and picture (segure 4).

datae 1 50512013
user; lourist iom et
POI; festoricalimanurmantal building
classification; villa
namme Yilla Dl
description: Go o wabsile
lat; 453740
= lon; 3 0653
alft: 0.0000
precision: 7Am
OWHET: MAlcn
ViawlEdit

Figure 4. Example of POIs 3D visualization at sra#titudes
with a balloon showing field-collected information

3.4 PGISplatform functionalities

As World Wind Java SDK is designed to be highlyeesible,
modifications and additions were implemented wlith purpose
of achieving the typical functionalities of PGISgbrms.

First of all an authentication mechanism, whiclaliso able to
keep trace of user registration on ODK Aggregateese was
added to the system. Once started, the applicatiows users
to create a new account by providing personal criggle (i.e.
username and password) or to login with an exisacapunt.
Registered users can benefit from a wide range ioflgges,
which allow them to fully exploit the potential dfe platform.
User profiles and the related permissions are dtorside the
second, MySQL-based database available within tatopm.
As opposed to non registered users, registered gaerfirst of
all interact with POls by clicking the View/Edink located at
the bottom of the POI balloon (see Figure 4), whaddresses
them to Web pages containing POls descriptionstlaadelated

contents (see Figure 5). From this page, registassis can
participate to the characterization of POIls by agdiomments
and multimedia data (i.e. images, videos and alydidsch are
managed by the PGIS server interacting with theessiySQL

database. In particular, the Web pages sent t&P@IS client
application for viewing, uploading and editing datae
dynamically generated from both JSP pages andesevbjects
executed inside GlassFish. A registered user thatlso the
owner of a POI (i.e. the user who created that ff@h ODK

Collect application) has the additional right totetiie field-

collected information. At medium and small altitsdef the
point of view on the globe, the owner of a POI Isoaable to
modify its position by simply dragging its icon. i§tpossibility,

which is useful e.g. if the position estimated froime mobile
device GPS receiver was poorly accurate, is endoydtie use
of WFS-T (Web Feature Service - Transactional)qoot Non

registered users can finally just access a Vielwflioam the POI
balloon, which allows them only to view the POI temts
uploaded by registered users.

Add Related Media and Comments

Figure 5. Example of a Web page providing POI dpson
and related contents (comments and multimedia data)

Registration to the platform makes also users abtrdate and
manage customized, three-dimensional mash-upsaedtiseir
map projects. First, a tool for managing the lay@nlogue was
developed, which allow registered users to stor@ @trieve
geographic information from a list of WMS servehs. other
words, users can upload layers published from wieaté/MS
server by typing the server URL, exploring the laygublished
from the server and adding one or more of thenhéovirtual
globe. Layer metadata (i.e. WMS server URL, layen@auser
who added the layer) is stored again in the MySQ@taldase.
All the added layers populate a layer cataloguachviemains
available for all the users (also non registeredsprinside the
application. Again, the owner of a layer (i.e. trser who added
that layer to the application) is able to also €€lig. change its
name) and delete it from the system. Some WMS sarsdated
to Como city, i.e. historical maps from the XVIII the early-
XX century and the current official cartographytbé city, are
available by default within the catalogue. Userated projects,
consisting of customized data mash-ups on top ofldWind,
can also be exported. Saving a project means {p taee not
just of its layers, but of also all the contexturgbrmation, i.e.
the position (latitude, longitude and altitude) ahe camera
orientation of the user point of view on the globEkiis
metadata, which also includes the name and theiptsn of
the project (see Figure 6) and the user who sawegrpject, is
again stored in the MySQL database. Once agairhy saeed
project populates a catalogue of projects whichsible for the
entire user community.
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| il

Figure 6. Creation of a sample project composetd@htash-up between the POIs and other WMS layers

The owner of a project (i.e. the user who savetghgect) has
of course editing rights on it, while all the othregistered users
can access the project and, if desired, edit ane itas a new
project of which they are now owners.

4. DISCUSSION AND CONCLUSIONS

GeoWeb 2.0 and the massive proliferation of sersquipped
mobile devices cleared the way for notable improsets in the
field of Participatory GIS (PGIS). This study cdhtites to
PGIS literature through the development of a caltative

platform for three-dimensionally visualizing andteracting
with field-collected information reported from mébidevices.
To our knowledge, it is the first research that lenpents a full
participative framework allowing also data visuatian in the
third dimension.

In agreement with Goodchild’s (2007) theory thatan beings
behave like sensors able to acquire geographic lletig® from
the Earth surface, users can exploit their mobdeiaks (e.g.
smartphones and tablets) to geo-tag cultural andsto Points
Of Interest (POIs), by compiling a predefined giogstaire and
providing also an image of the POI. The major irat@n of the
research is however represented by the three-diorais
geographic visualization implemented using a virglabe (in

detail, the World Wind virtual globe developed bj8k), that

makes user experience more realistic and enhameegidta
expressive power. The application is able to rezal field-

reported POls, which are published on the Web usiagdard
protocols, and to locate them on the globe. Therds=d work
has been carried out in relation to the culturaithge of Como
city (Northern Italy), but can be widely generatize

Another new feature with respect to the existing$(Berature
lies in the rich user interaction with POls. Diffet profiles (i.e.
non registered users, registered users and registesers who
are also the owners of POIs) have different pefioissin terms

of viewing and editing the POI contents. The impdatation of
an authentication mechanism allows also users ¢aterand
save customized map mash-ups, built with WMS lagfeais can
be retrieved from whatever available server. Iftlo®one hand,
each user can manage his own layers and projectieoother
all the information added to the platform remainaikable for
the whole user community. In this way, taking atso account
user permission to add comments and multimediaeotsit the
developed application acquires a revolutionaryjsaature.
The proper functioning of the system, which is fkdy real-
time, voluntary user contributions, provides suppior the
potential usage of the developed platform in cirstamces
characterized by the need of constant, updated ifiébrmation
(e.g. emergency management). Furthermore, the mglteed
architecture is fully built using free and open meusoftware
(see Figure 1), which thus proved to be suitablecfeating all
the components of a PGIS system.

Future work should first of all improve the perf@nte of the
Android ODK Collect application, which currently als users
to register their position only exploiting a devipesitioning
service (e.g. the GPS receiver or a wireless néfwétence, if
no positioning service is available during the R€port, the
user is not able to finalize his questionnaire. #eo weakness
arises from the poor performance of many mobileicgeGPS
receivers, whose estimated POls positions resuis o be
scarcely accurate. Finally, the survey positioa. (ihe position
of the device) does not usually coincide with tlesipon of the
POI which is being surveyed. These drawbacks might
overcome by editing the code of the Android ODK Edil
application, providing users with an interactiveprthat they
can use for manually placing the POI position @r refining
the GPS-estimated position). This way, devices wlice not
GPS-enabled could also be used for POls reportsrd-work
should finally extend the PGIS system also to therth
dimension, providing users with ad hoc tools in esrdo
visualize time-filtered POls submissions.
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