
1 Introduction 

Volunteered Geo-information (VGI) can be valuable to 
complement authoritative data held in Spatial Data 
Infrastructures (SDIs). Although there are many VGI-
producing projects, there is, apart from the larger initiatives 
such as OpenStreetMap, not much attention for the reuse of 
the volunteered information beyond the project that has 
produced this information. We believe that the disclosure of 
the right meta-information serves the first step to achieve this. 
In this paper we describe how we create and use an ontology 
of VGI concepts within the ENERGIC project as a basis to 
semantically enrich this meta-information. 

The ENERGIC project (European Network Exploring 
Research into Geospatial Information Crowdsourcing: 
software and methodologies for harnessing geographic 
information from the crowd; COST Action IC1203)1 aims at 
finding new solutions for the exploitation, integration and 
application of user-generated geo-information. The project 
work is performed along three cross-cooperating working 
groups: (1) Societal and human aspects of VGI, (2) Spatial 
data Quality and infrastructures and (3) Data mining, 
semantics and VGI. ENERGIC aims to deliver an open and 
updatable repository of VGI analysis and integration tools and 
methods, literature and case studies.  

The ontology which serves as semantic backbone for the 
repository has the following objectives:  

 
1. Common understanding of VGI concepts (e.g., for 

indexing literature, outreach and education) – 
delimiting the field. 

2. Create applications and database schema for the 
development of new VGI applications. 

                                                                  
1 http://vgibox.eu 

3. Usage of ontology of tasks for evaluating of data 
quality. 

4. Semantic enrichment of VGI-based systems and 
indexing publication for VGI source discovery and 
integration.  

5. Create relationships between VGI and other 
domains, such as GIS, SDI, etc. 

In the process of building an ontology of VGI concepts, we 
used the draft text of the forthcoming ENERGIC book [3] as a 
basis for a corpus of terminology. 

 
2 Semantic Web 

2.1 Ontology engineering 

 
Methods for creating ontologies have been reported in 
literature over the last decades, highlighting different aspects, 
such as formalization [10], co-creation [4,9], reuse [8] and 
geo-information specific issues [2,6]. In our effort we strive 
for a collaborative design in order to meet the 
abovementioned community-driven objectives. The overall 
process is depicted in Figure 1. The ENERGIC book [3] is 
considered to contain the relevant terms used in the VGI 
domain. The collaborative aspects of the process of ontology 
creation are explained in Section 3. The use of the ontology is 
described in Section 4.  
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Abstract 

The increasing volume of Volunteered Geo-information (VGI) often remains hidden and unconnected to other sources of information, 
and therefore hampering its reuse. A better understanding of the semantics behind VGI and its resources can relieve this issue, facilitated by 
the use of lightweight Semantic Web tools for the visualization, exploration and querying of Linked Data. The support of the publication of 
VGI-system descriptions on the Web eases the reuse of VGI, which in its turn supports the demand for a better spatial coverage of 
volunteered geo-information. This paper describes an approach for the collaborative development of an ontology of VGI concepts and the 
creation of Linked Data for real-life VGI resources. A corpus of VGI concepts and resources are drawn from the ENERGIC project. The 
paper demonstrates how these resources can be integrally accessed through a visual query environment.      
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Figure 1: Workflow executed to obtain the ENERGIC VGI 
ontology. The authors of this paper are the organisers of the 
workflow, assisted by a small team of project partners, 
knowledgeable of concept modelling. The ‘Lisbon 
participants’ constitute a group of project partners involved in 
the use of VGI and participating in a project workshop (for a 
further explanation, see Section 3). 

 

 
      
 
 

2.2 Linked data 

 
Besides expressing conceptual models with the help of 

ontologies and representing them in formal ontology 
languages such as OWL, we can make data more meaningful 
by simply linking their representations on the web. The 
Resource Description Framework (RDF) allows us to define 
relationships (predicates) between any two data elements 
(subject and object), known as triples. Sets of triples used to 
represent data on the Web are known as Linked Data [5]. 
Linked Data allows us to find data on the Web and to query 
across different data sources and to do this in conjunction with 
web-based ontologies through the SPARQL query language. 
The ENERGIC VGI ontology is written in OWL, which 
allows both a visual representation for user interaction and 

machine interaction for query operations together with Linked 
Data representations of VGI. 

 
 
 

3 Collaborative Development of VGI 
Ontology 

3.1 Concept extraction from keywords 

The first step in the creation of the ontology was carried out 
by the authors with help of a small project team and involved 
the manual marking of keywords in the 40+ pdf documents 
which make up the (late 2015) draft the ENERGIC book (the 
final version is not expected to differ much in terms of 
keywords). The extracted 2634 phrases were cleaned from 
duplicates and unwanted characters, which resulted in 1977 
keyword phrases (containing multiple keywords). The phrases 
were sorted on the last keyword and were published for the 
team to serve as a list of candidate ontology concepts. A 
schematic view of the extraction process is depicted in Figure 
2. A comparison was done with a few automatic procedures 
for keyword generation, but this revealed that the manual 
method produced more valuable keywords.   

 
Figure 2: Keyword extraction, serving as input to VGI 

ontology. 

 
 

3.2 Concept relationships 

 
After the initial extraction and combination of terms into a 

machine-readable ontology, it was evaluated by the project 
team and was followed by building a framework of concepts 
and their interrelationships. The team was asked to add 
keywords from the generated list into the ontology. For this 
we used Web Protégé as a collaborative tool. Figure 3 shows 
the ontology (under construction) in Web Protégé. Although 
the ontology was initially organised solely as a hierarchy of 
classes, it is now being populated with object properties.  
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3.3 Lisbon workshop 

 
On November, 19th, 2015 a workshop was organised in 
Lisbon to allow for input from 40 project partners. During this 
workshop the participants were asked to use the ontology to 
describe examples of VGI-based systems and literature for 
two reasons: 

 
1. To create Linked Data for the purpose of semantic 

enrichment (see Section 4.1) 
2. To identify gaps and inconsistencies in the 

ENERGIC VGI ontology.  
 
The participants were assumed to have knowledge of VGI, but 
minor or no knowledge about ontology creation. Actually, the 
ten team members assisted the participants during the 
assignments with the tools at hand (see Section 4.1). The 40 
participants worked in 8 groups and created in 1.5 hour 
several ontology-based descriptions of VGI-based systems 
and literature. They used 15 concepts of the existing VGI 
ontology (Figure 3) and suggested 55 new concepts. Several 
of these terms have been added to the ontology after the 
workshop. 
  
The results of the Lisbon workshop were:  

 
 The participants were generally able to describe 

systems with the proposed vocabulary. 
 The concepts were sound and understandable. This 

can be concluded from the provided descriptions, 
being consistent with the semantics of the used 
ontology concepts. 

 The coverage of basic concepts was good, but it 
appeared that a few more detailed aspects were 
missing (in particular the topic of gamification in 
volunteering geo-information, data quality and 
multi-media inputs) 

 
4 Deployment with VGI resources 

The deployment of the ontology manifests itself by being able 
to describe VGI resources with it and to integrally access 
these descriptions for information discovery, integration, 
exploration, etc. (see the objectives listed in Section 1).   

 
4.1 Semantic enrichment 

Linked Data enables us to combine the semantics of data 
sets to enrich one or both. Illustrative examples of a posteriori 
enrichment are provided in [1] by linking data of 
OpenStreetMap (spatially-rich and semantically-poor) and 
DBPedia (semantically-rich and spatially-poor) and in [7] by 
aligning a domain ontology with upper level ontologies 
(generic knowledge) to enrich bibliographic databases.  

In our project we opted to involve VGI users to manually 
instantiate the VGI ontology classes with VGI resource 
instances. The graph editor yEd which was used, allows these 
users to create VGI instances and visually connect them to 
ontology classes. The graph editor stores all connections in 
graphml (XML). A small Java program was created to convert 
graphml into RDF to make the enriched VGI meta 
information ready for querying. Figure 4 shows a user’s 
model of OpenStreetMap (OSM) and a representation of the 
Vienna Sentiment Map project (one of the projects reported in 
[3]). 

Figure 3: Web Protégé online ontology editor with ENERGIC VGI concepts. The panel on the right accommodates 
discussions on edits by the collaborators.  
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4.2 Exploratory querying 

 
Several, though not an abundant number of, tools allow for 

the visualization of ontology and Linked Data structures (e.g., 
Gruff2 and WebVowl3). Apart from the sole visualization of 
Linked Data-based VGI descriptions for the purpose of 
exploring and understanding its structure, there is a need for 
targeted queries when it comes to data integration and data 
retrieval in end-user applications. A way to combine best of 
both worlds is known as exploratory querying. [11] describes 
this approach in a spatio-temporal context and provides a tool 
called SPEX, which allows users to visually construct a query 
on Linked Data with the help of spatio-temporal constraints. 
Figure 5 shows the user interface in which a query is executed 
on the VGI as depicted in Figure 4. As exploration and 
querying go hand in hand, the user is able to fine-tune the 
query in an interactive manner and get to know the semantics 
of the VGI resource(s) at hand. Examples of queries that can 
be answered with this ontology are e.g., "Find the platforms 
that collect air quality data in Southern Europe", "Find articles 
that provide results on User participation patterns", ... 
   

 
 
 
 

                                                                  
2 http://allegrograph.com/gruff2/ 
3 http://vowl.visualdataweb.org/webvowl.html 

5 Conclusions and Future work 

As the VGI Ontology is still under construction – and it will 
stay as such for a while – it already appears to be a valuable 
mechanism for a common understanding of the VGI domain. 
In this early stage of the deployment we have seen that 
describing VGI resources is feasible for users in a wider 
context, i.e., for literature, data and methods, with minor to no 
knowledge of conceptual modelling required. Basically, by 
testing the applicability of the ontology in the Lisbon 
workshop as described in Section 3.3, we have started to 
address objectives 1 and 4 as described in Section 1. 

Future work will embark upon more usages of the 
descriptions created with the help of the ontology. Those 
descriptions are likely to be published as linked data (using 
the abovementioned RDF-triples) in the Linked Open Data 
cloud, which provides opportunities to connect the VGI 
domain with other domains, such as GIS, DBPedia and 
Geonames. 

As immediate follow-up action the ENERGIC project has 
started to evaluate additional tools such as Semantic Media 
Wiki, for further populating the project repository and making 
use of the VGI ontology. In addition, since we have only 
processed a limited number in our list of highlighted 
keywords, we need to continue this by consulting the VGI 
community. 

 
To further develop strategies in deploying Linked Data and 

to come up with innovative approaches, the project is 

Figure 4: Instantiation with yEd graph editor. 
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organizing a multi-location and multi-event Datathon4, 
challenging participants to connect existing VGI resources 
through the Semantic Web and compare this with 
conventional ways to mashup VGI, social media content and 
authoritative data.  
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