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Abstract

The 4™ Open Source Geospatial Research and Education Symposium (OGRS 2016) was organized by the
Research Institute for Geo-hydrological Protection (IRPI) of the Italian National Research Council (CNR) in
collaboration with the University of Perugia, in Perugia (Central Italy) on 12 to14 October 2016.

The 2016 symposium brought together students, technicians, researchers, and developers working in
different disciplines but with the common interest in the use and developement of Open Source Geospatial
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These proceedings include 51 short papers presented at the symposium covering different research and
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Peer] PrePrint publication system: https://peerj.com/collections/35-open-source-geospatial-research-and-
education-symposium-2016/.

The submitted short papers were reviewed by at least two independent referees and then modified by the
authors. Finally the authors were asked to format, according to some predefined but not restrictive rules, the
final version of their manuscripts, which were then collected and organized, by the editors, in the form of the
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PREFACE

The IV Open Source Geospatial Research and Education Symposium (OGRS 2016) was organized by the
Research Institute for Geo-hydrological Protection (IRPI) of the Italian National Research Council (CNR), in
Perugia (Central Italy) in the period 12-14 October 2016. During those days a seismic sequence hit this part
of the country with two major earthquakes (August 24 and October 30) and the IRPI institute intensively
engaged in field survey activities. Therefore we are even more grateful to the people who decided to attend
the symposium in Perugia under these conditions.

OGRS is an interdisciplinary conference dedicated to sharing knowledge, new solutions, methods, practices,
ideas and trends in the field of geospatial information through the development and the use of free and open
source software in both research and education.

The conference is built around the spirit of open science and promotes all the processes based on cooperative
work and new ways to diffuse scientific knowledge by using open data, open standards, open source and
open publications. OGRS is not only a vision of the future but also an opportunity for geoscientists and
geoteachers to build together new methods and tools to meet the new challenges of humanity that require a
systemic and collaborative response.

The OGRS2016 conference offered two days of scientific presentations and one day of Workshops. Grouped
by thematic sessions, presentations (including posters as well) described original and recent research results,
educational practices and innovation experiences. Workshop sessions on specific topics and software have
reinforced the educational dimension of the Symposium.

Fifty-five contributions (short papers) were submitted to the symposium. The short papers were rapidly made
available online in an "OGRS2016 Collection", using the Peer] PrePrint publication system and were
independently reviewed by at least two referees chosen among the eminent colleagues who accepted to be
part of the Scientific Committee. The review process was carried out through an open procedure consisting
of referees comments and authors replies which are still accessible online at the following link:
https://peerj.com/collections/35-open-source-geospatial-research-and-education-symposium-2016/ (short
version: https://goo.gl/SRBC27).

Fifty one of the originally submitted manuscripts were included in the OGRS2016 program and are included
in the present book of the symposium proceedings.

The symposium was enriched by 3 keynote talks: Maurizio Napolitano (Fondazione Bruno Kessler, Italy),
Riccardo Rigon (University of Trento, Italy), Maria Brovelli (Politecnico di Milano, Italy).

As mentioned before, OGRS2016 also included workshops. They focused on specific topics and software
and have reinforced the education side of the Symposium. We want to sincerely thank all the colleagues and
friends who organized the workshops, shared and disseminated their knowledge among the participants.

The event could not have been organized without the support of the Research Institute for Geo-Hydrological
Protection of the National Research Council of Italy, through its Director Fausto Guzzetti and of all the other
friends and colleagues who are working for this institution.

The symposium was also supported by other institutions and persons in particular by Pierluigi de Rosa, from
the Department of Physics & Geology of the University of Perugia, who has provided a substantial and
fundamental aid in the organization of the event.

We also thank the members of the OGRS steering Board, and in particular Olivier Ertz from the University
of Applied Sciences and Arts of Western Switzerland (HEIG-VD), Stéphane Joost from the
EcolePolytechnique Fédérale de Lausanne (EPFL), Erwan Bocher and Gwendal Petit from the CNRS LAB-
STICC laboratory (Laboratoire des Sciences et Techniques de 1’Information, de la Communication et de
laConnaissance) in France. They supported the scientific organization of the event.

We want to stress also the important patronages of the main administrative authorities of Perugia: the
Legislative Assembly of the Umbria Region, the Province of Perugia and the Municipality of Perugia.
Finally we also want to mention the support provided to the symposium by the Italian Geological Society,
the Hazard and Risk Commission of the International Geographical Union, the Italian OSGeo Local Chapter
and the Society of Professional Engineers of the province of Perugia.

Ivan Marchesini, Arnaldo Pierleoni
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The open discussion version of this paper is available at: Ingensand J, Composto S, Ertz O, Rappo D, Nappez
M, Produit T, Oberson M, Widmer I, Joost S. (2016) Keys to successful scientific VGI projects.
Peer] Preprints 4:¢2230v2 https://doi.org/10.7287/peerj.preprints.2230v2

Keys to successful scientific VGI projects

Jens Ingensand’, Sarah Composto', Olivier Ertz’, Daniel Rappo’, Marion Nappez',
Timothée Produit', Mathias Oberson?, Ivo Widmer® and Stéphane Joost®

"University of Applied Sciences Western Switzerland, School of Business and Engineering Vaud, G2C
Institute, Yverdon-les-Bains Switzerland

*University of Applied Sciences Western Switzerland, School of Business and Engineering Vaud, Media
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Lausanne, Switzerland

Corresponding author:
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ABSTRACT

Scientific projects are increasingly using volunteered geographic information
(VGI) in order to collect and validate geographic data. This concept relies on
the three challenges that A) users can be found and B) be convinced to
collaborate and contribute and that scientists finally C) are able to gather
high quality data for their projects. In this paper these three challenges are
discussed using the experience with three different research projects.

Keywords: VGI, citizen science, user engagement, crowdsourcing, data
quality

INTRODUCTION

Volunteered Geographic Information (VGI) is a recent trend in GlScience that
represents an efficient and less expensive way of collecting data. To measure
the success of a project both quality (e.g. in terms of precision,
completeness, etc.) and quantity of data are important metrics. One key to
success are the users (Preece & Shneiderman, 2009) (Haklay, 2013): users
need to install an application or visit a web-page and thereafter see an
interest in contributing to a project. Another important issue is quality
(Huisman & De By, 2001). Even if users are willing to contribute to a project,
it must be assumed that they are neither experts in the matter they are
sharing nor experts in geographic information. In this paper we present
findings that we have collected in several VGI projects. The paper is
structured as follows: First we briefly present our case studies and research
methods, thereafter we will discuss our findings regarding the research
guestions « how to find users », « how to motivate and keep users » and

Please cite this paper as: Jens Ingensand, Sarah Composto, Olivier Ertz, Daniel Rappo, Marion Nappez, Timothée Produit, Mathias
Oberson, Ivo Widmer, Stéphane Joost (2018) Keys to successful scientific VGI projects. In Marchesini I. & Pierleoni A. (Eds.)
Proceedings of the 4th Open Source Geospatial Research and Education Symposium (OGRS2016). Perugia, 12-14 October 2016.
https://doi.org/10.30437/0grs2016_paper_01
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« how to get high quality data ». Finally we will present our conclusions and
ideas for further research.

VGI CASE STUDIES AND RESEARCH METHODS

The findings presented in this paper are based on three projects. Our first
case study, called Urbangene is a web-based system for the digitization of
urban ponds in the greater Geneva area (Figure 2). Citizens were asked to
share a pond and to specify which species (e.g. toads) were observed in the
pond. The second case study is a project called Signalez-nous. The goal of
the system is to offer a web-based tool for the digitization of broken
streetlights and damaged playgrounds in the city of Yverdon-les-Bains (Figure
1). The third case study is an ongoing project which aims at developing a
mobile application called BioSentiers. Its main goal is to motivate citizens to
share observations and to take actions for biodiversity conservation in the
city of Yverdon-les-Bains.

nuné

&

Figure 1. The Signalez-nous web application

In order to analyze if a system was more successful and why, we used the
system’s log files and databases (in the case of Urbangene and Signalez-
nous). These two data-sources were able to tell us important measures such
as the time and date a user digitized an object, the zoom level at which an
object was digitized, the username, the rough position of the user at zip-code
level (through IP-to location databases), the users’ equipment (e.g. mobile
device, type of browser, etc.) and the URL a user visited before using a
system.
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HOW TO FIND USERS

In both projects Urbangene and Signalez-nous media campaigns were used to
get users. Concerning the Urbangene project news was spread using
newspapers, radio transmissions and social networks, whereas the Signalez-
nous project was on the state-owned TV, radio transmissions and
newspapers. As web-logs showed, each media appearance created usage
peaks. Interestingly about a third of the users (identified using the user’s
distinct ip-addresses) found the Urbangene website through social networks
which are a less expensive way of finding users.

HOW TO MOTIVATE AND KEEP USERS

In order to make a VGI application successful, users need to continue using
an application after discovering it. User motivation can be divided into two
main categories (Berthiaume & Rege Colet, 2013): extrinsic motivation is the
most common category and depends on reward and punishment. For
instance in the case of the Sighalez-nous project a person contributes to the
website because she/he receives a gift at the end of the year (e.g. a solar
flashlight). On the other hand intrinsic motivation depends on the user itself
and the will to contribute because he/she appreciates using an application or
sees a personal interest in using it. Another important point is the
contributions’ effect. Regarding the Urbangene project which is about
biodiversity, the effect is less direct and visible as compared to the Signalez-
nous project. Citizens are more concerned about a damaged streetlight than
a pond, because they can feel insecure if streetlights are turned off. On the
other hand urban biodiversity has an important, yet less visible and direct
effect on a citizen.

An important manner of addressing motivation is recognition. Recognition
can be generated through other users (e.g. through comments on a shared
objects) or through an automated ranking. In the case of the BioSentiers
project, a user is offered tools to communicate with other users that allow
him to comment on another person’s actions. Thereby each person is able to
rate other users’ contributions.

Another key to keeping users is the optimization of the interface and the
minimization of cognitive load (MacEachren et al., 1998). In the case of the
Urbangene project, the application was kept as simple as possible and uses
an adaptive questionnaire that minimizes redundant questions. By
decreasing cognitive load (MacEachren et al., 1998), users can concentrate
on sharing a pond and specifying which species were observed in the pond.
Another way to decreasing cognitive load when displaying spatial content is
to use augmented reality. In the case of the BioSentiers project, instead of
reading and interpreting a map, users see overlaid observations through the
camera of a mobile device. Furthermore design should be adapted to the

18
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user’s needs and skills in terms of technical skills and domain knowledge.

£50 3 E 2 i §
Figure 2. A message indicating
to zoom further in order to
digitize a more precise
location.

HOW TO GET HIGH QUALITY DATA

There are different ways to check the quality of already digitized data. In the
case of BioSentiers data is checked not only by specialists through a web
application, but also by the community itself. Indeed each user is able to
comment, like, confirm or negate each observation. For instance if an
observation is negated by many users, it can be considered as false.
Moreover data can be cross-verified using reference data; e.g. an observation
of a land plant in the middle of a lake will be considered as false.

Furthermore it is essential to help the users to increase data quality; e.q.
through tutorials or visible help messages. In the Urbangene project, a pop-
up is displayed in order to ask the user to zoom in further before digitizing a
pond location. In the case of the Signalez-nous project a streetlights dataset
is displayed as soon as the users zoom in, in order to make the user
understand at what level an accurate digitization should be made.

We have found evidence that suggests that authentication increases data
quality: in the Signalez-nous platform users are required to create an
account; in Urbangene a user can simply add a username to a digitized
object without creating an account. The overall data quality in terms of
geometrical precision was significantly better in the Signalez-nous platform.
Furthermore the administrators of the Signalez-nous platform send an email
to users who digitizes too much incorrect data.

19



IV OPEN SOURCE GEOSPATIAL
October 12-14 2016, Perugia, Italy RESEARCH & EDUCATIONAL SYMPOSIUM

CONCLUSIONS AND PERSPECTIVES

The experience of the three cited project shows that VGI indeed is an
interesting possibility for scientific projects to gather high quality data. When
designing a mobile application or a website for sharing information, scientists
need to imagine who the intended users will be (e.g. using which medium)
and at what occasions their attention might be directed to a system. Second
it needs to be addressed how the users can be kept motivated to
contributing; e.g. through offering a recognition for their work or through
manners to communicate with other users. Third the quality of data can be
increased if users are offered help in their task to share data (e.g. through
tutorials or visible messages). Other manners include specialists validating
data, the implementation of automated checks using confirmed reference
data or offering tools to all users to validate data.

Further investigations will show what measures are more effective than
others and what methods are best used in which context.
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ABSTRACT

The present paper proposes an ideal Spatial Data Infrastructure (SDI) dedicated to noise monitoring
based on volunteers measurements. Called OnoM @P, it takes advantage of the geospatial standards
and open source tools to build an integrated platform to manage the whole knowledge about a
territory and to observe its dynamics. It intends also to diffuse good practices to organize, collect,
represent and process geospatial data in field of acoustic researches.

OnoM @p falls within the framework of the Environmental Noise Directive (END) 2002/49/CE.
The system relies on the NoiseCapture Android application developed for allowing each citizen
to estimate its own noise exposure with its smartphone and to contribute to the production of
community noisemaps.

Keywords:  Noise, GIS, SDI, OGC, spatial analysis, crowdsourcing, VGI, smartphones

INTRODUCTION

In 2015, more than 7 billion people (i.e. 96,4% of the world’s population') owns a mobile phone
subscription”. While in that year only 31% of sold phones were smartphones, the smartphone sales
position in the phone market is widening with 446 million units sold only during the second quarter
of 20153, This growth affects all countries. For example, Deloitte company considers that *The
smartphone market will grow by over 40% in 2015 with 70 million copies will be sold in Africa”.
These communication devices benefit from the technology advances in consumer electronics, and
integrate an increasing number of sensors, including for the latest versions position sensors (GPS),
motion sensors (accelerometer, gyroscope) and environmental sensors (microphone, camera, temper-
ature sensor, photometer, barometer). In addition, the significantly growing computational power of
smartphones and their Internet connectivity increase their attractiveness at once for the public, the

Uhttps://esa.un.org/unpd/wpp/Download/Standard/Population/ (accessed in july 2016)
https://www.itu.int/en/ITU-D/Statistics/Pages/stat/default.aspx (accessed in july 2016)
3http://www.smartphonemarketresearch.com (accessed in july 2016)
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OnoM@p : a Spatial Data Infrastructure dedicated to noise monitoring based on volunteers measurements. In Marchesini I. & Pierleoni A. (Eds.)
Proceedings of the 4th Open Source Geospatial Research and Education Symposium (OGRS2016). Perugia, 12-14 October 2016
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public authorities and business.

In this context, the idea to rely on smartphones for initiating a new relation between the citizens
and the environmental stakes is naturally emerging, for which the citizen would play a dual role of
consumer and producer of environmental information. The participatory sensing concept rests on
user-centric monitoring and environmental sensing by means of smartphones (Burke et al., 2006).
This notion recently arisen as a low-cost alternative to large-scale and costly infrastructures sensing
based on sensor networks (Cuff et al., 2008). Thus, numerous approaches were developed based
on citizen-centric surveys (Andrew T. Campbell and Peterson, 2006), (Adeel et al., 2014) and
opportunities to volunteer to take part into scientific research projects in environmental monitoring
(Conrad and Hilchey, 2011). The OpenStreetMap project (OSM?) is the leading example of the
effectiveness of citizen participatory with more than 2.8 million registered members by july 2016°.
With the emerging demands of open geodata, OSM made one of the most used non-proprietary
online maps and an input for numerous third-parties (Neis and Zipf, 2012). The citizen can thus
become a main actor by monitoring his environment and sharing his measurements or observations
concerning his territory of life.

Several applications were recently developed for the purpose of noise levels measurements
(Leao and Zhou., 2014), as for example NoiseTube (Maisonneuve et al., 2010), (D’Hondt et al.,
2013), (Drosatos et al., 2014), WideNoise (Becker et al., 2013), NoiseSpy (Kanjo et al., 2009),
(Kanjo, 2010), NoizCrowd (Wisniewski et al., 2013), Noise-Watch (Nugent and Stanners, 2014),
SoundOfTheCity (Ruge et al., 2013), etc. However, (Guillaume et al., 2016) point out some scientific
and technological bottlenecks :

e mobile phones agents would mainly measure their daily sound exposure while the Directive
2002/49/EC fixed at least two indicators that are much less covered,

e lack of proper validation both for sound measures and GPS location,

e components of these applications does not rely sufficiently on standards, particularly those of
the GIS community.

In this context, a Spatial Data Infrastructure (SDI) integrating a Geographic Information System
(GIS) enables the use of spatial and environmental data in an efficient and flexible way and remains
an ideal framework to fulfill this last point (Mohammadi et al., 2008). Indeed, since 2000s, the GIS
community made progress and efforts to define open standards to enhance geospatial data exchange
and sharing. These standards, mainly defined by the Open Geospatial Consortium are the main fuel
to set up integrated platform, to facilitate the interconnection of systems and the carrying out of
systemic approaches (Steiniger and Hunter, 2012). They offers protocols, conceptual models and
format to:

e store and query data : Simple feature access - Part 1 and 2, GeoSPARQL....

“https://www.openstreetmap.org/ (accessed in july 2016)
Shttp://www.openstreetmap.org/stats/data_stats.html (accessed in july 2016)
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style data : Symbology Encoding (SE)®

deliver data : Web Mapping Service (WMS)’, Web Feature Service (WES)8...

search data : Catalogue Service (CSW)?, Gazetteer Service (WFS-G)...

deliver and manage processing : Web Processing Service (WPS'?) and Web Coverage Pro-
cessing Service (WCPS).

The present paper proposes an ideal Spatial Data Infrastructure (SDI) dedicated to noise moni-
toring based on volunteers measurements. Called OnoM @P, it takes advantage of the geospatial
standards and open source tools to build an integrated platform to manage the whole knowledge
about a territory and to observe its dynamics. It intends also to diffuse good practices to organize,
collect, represent and process geospatial data in field of acoustic researches. Indeed, through this
platform and its technical issues, several scientific locks are addressed :

e How to store and describe multiscale and temporal data collected from smartphones?

e What kind of language to query the data that makes sense for geographer, acousticians,
developers... ?

How to enable the integration between noise measures and GIS layers as OSM?

How to aggregate data to produce human understandable and scientific results?

How to map raw data or results that are scale and time dependant?

THE ONOM@P SDI

OnoM @p is an open source Spatial Data Infrastructure dedicated to noise monitoring based on
volunteers measurement. OnoM @p is developed within the framework of the ENERGIC-OD!!
project that aims at deploying a set of Virtual Hubs (VH) based on a broker approach to offer to
both end-users (through geoportals) and machines (web services, applications), unique and mutually
consistent access points to heterogeneous data sources, including INSPIRE-compliant systems and
Copernicus'?/GMES!3 services.

System components and standards
The OnoM @p system is divided in two components (Figure 1) : The “NoiseCapture” application
and the server side services (Virtual hub).

Ohttp://www.opengeospatial.org/standards/se (accessed in july 2016)
http://www.opengeospatial.org/standards/wms (accessed in july 2016)
8http://www.opengeospatial.org/standards/wfs (accessed in july 2016)
“http://www.opengeospatial.org/standards/cat (accessed in july 2016)
0http://www.opengeospatial.org/standards/wps (accessed in july 2016)
http://www.energic-od.eu/ (accessed in july 2016)

Phttp://www.copernicus.eu/ (accessed in july 2016)
Bhttp://www.esa.int/About_Us/Ministerial_Council 2012/Global... (accessed in july 2016)
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Figure 1. The OnoM @p system components.

The NoiseCapture application

NoiseCapture is an Android application to collect noise measure at given locations. Noise indicators
are computed on the smartphone device during a period of time specified by the user. The main
functionalities are the following (Figure 2) :

e Measurement (Figure 2(a)): Once the sound level calibration is done, the user start the
measurement in order to record each second the LAeq (a weighted equivalent sound level),
an average of the sound energy over a period of 1s. The noise spectrum repartition is also
analysed using the Fourrier transform. The device locations are recorded while measuring the
sound level. The user has also the ability to provide his own feedback about the feeling of the
noise environment.

e Extended report: Advanced statistics are computed locally on the phone and shown to the user
(Figure 2(b)). For each user’s measurement the locations of the noise levels are displayed in a
map (Figure 2(c)).

e Share results with the community: Anonymized results are transferred to Virtual Hubs (web
server) and post-processed in order to build a noise map that merge all community results.

The server side services

The server side services are hosted on the French part of the Energic-OD Virtual Hub. They are
organized around a Geoservices component, a relational database management system and an
experimental processing module.

The Geoservices
The Geoservices component uses the GeoServer application and a plugin to support Web Processing
Services (WPS). This WPS plugin is used to push from the smartphone to a relational database a
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Figure 2. Screenshots of the NoiseCapture application: (a) measurement screen, (b) results screen
and (c) noise level visualization on a map.

zipped file.
The zipped file contains 3 files:

e a geojson file, that stores all track coordinates and the noise indicators computed along the
track,

e a metadata file that concatenates some metadata concerning the smartphone and the measure-
ment such as the calibration method,

e areadme file that contains some details, definitions about the noise indicators.
Once the data uploaded, a 4 sub-steps process is run, thanks to the Groovy language:

e Extract: First of all, the zipped file is analysed to avoid security problems, then the file is
unzipped and 3 files are stored in a temporary folder,

e Transform: The geojson and the metadata files are parsed and transformed into SQL scripts,
e Export: The SQL scripts are uploaded on a Noise database,

e Archive: The input zipped file is archived into a specific folder.
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