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Executive summary 
Semantic web technologies are used to add meaning to the machine-processed data. The goal of semantic 
web is to transfer human knowledge into a machine-readable form (i.e., RDF) to perform data analytics and 
infer more knowledge. Knowledge Graph, also known as knowledge base, models data using graph 
representation for the purpose of data integration across domains. Knowledge Graph is defined as "a graph 
of data intended to accumulate and convey knowledge of the real world, whose nodes represent entities of 
interest and whose edges represent potentially different relations between these entities" [1]. Knowledge 
graphs aid in linking data from various domains, in generating new knowledge, and in inspecting recurring 
patterns that can be used in simulation and prediction models (i.e., using artificial intelligence and deep 
learning algorithms).  

The CALLISTO project focuses on the Earth Observations (EO) domain and its relationship with the PUCs’ 
domains (i.e., water quality monitoring, ...). Each PUC addresses specific domain (i.e., CAP monitoring, water 
quality assessment) and provides several datasets to the project; these datasets are represented in various 
formats (e.g., XML, JSON, CSV). To semantically define and integrate these domains, a knowledge graph is 
created to represent the domains and their relationships. Knowledge graph is also used to analyse the data 
and detect integration points between these domains. 

The first step of creating a knowledge graph is modelling the concepts and relationships of the EO and PUCs 
domains in an ontology [2]. After creating and approving the ontology representation with the domain 
experts, data mapping process takes place to map the datasets to the ontology concepts and properties, and 
generate the knowledge graph. To study the data and apply more analytics, the knowledge graph is queried 
using SPARQL and GeoSPARQL queries. Another benefit of employing knowledge graphs is the ability to link 
them to other Linked Open Data (LOD) for data integration and analytics.  

This document reports deliverable D6.1: The CALLISTO Ontologies and Semantic Indexing, which is associated 
to WP6: Semantic Technologies and Data Analytics. It explains the semantic representation of the CALLISTO 
data sources. In this document, the ontology development methodology and the CALLISTO ontology concepts 
and relationships, the data mapping process pipeline, and the future steps will be explained in detail. 

Fraunhofer Institute for Intelligent Analysis and Information Systems (IAIS) is the lead beneficiary for D6.1 as 
the first version. Together with the PUCs members, the ontology was created and reviewed. 
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1 Introduction 

CALLISTO project aims to bridge the gap between Copernicus Data and Data and Information Access Service 
(DIAS) providers and users in different domains by providing AI solutions that effectively add value to large 
amounts of satellite data. A challenge is how to define the relationships between the data defined in satellite 
images and the datasets defined in the various CALLISTO domains (e.g., journalism, water quality assessment, 
agriculture regulations, land borders). To deal with the multidomain data, the CALLISTO consortium uses a 
knowledge graph that represents and relates the domain knowledge. A Knowledge Graph is a knowledge 
base that models data using graph representation for the purpose of data integration across domains. Using 
knowledge graphs aids linking data from various domains and generating new knowledge. It also allows to 
inspect recurring patterns that are used in simulation and prediction models (i.e., using AI and deep learning 
algorithms). 

Provisioning of knowledge graphs and ontologies is at focus, as well as on leveraging advances in semantic 
data management, processing, and analytics to create a semantic knowledge base upon which innovative 
analytics can be performed in a scalable and efficient manner. The main role of Fraunhofer IAIS here is to 
generate a higher-level, structured knowledge graph from the heterogeneous data collected and indexed 
from the raw data sources provided by the CALLISTO project. Existing open-source frameworks will be used 
to perform structured or semi-structured (e.g., spreadsheets, JSON, XML) data transformation to RDF. 
Resource Description Framework (RDF) serialization is used to describe human knowledge in a machine-
readable language, as it presents facts as sentences. In the case of non-structured data, e.g., GeoTIFF images, 
a particular transformation pipeline is carried out to extract meaningful structured information such as 
metadata, latitude and longitude, etc. In order to guide the semantic lifting of the target data, vocabularies 
that semantically represent the knowledge model will be identified and provided. The transformation will be 
based on a semantic mapping between lower-level data structures and semantic data models from 
ontologies and vocabularies. The knowledge base will be generated and enriched by various knowledge 
extraction methods, guided by semantic models behind ontologies. 

1.1 Purpose and Scope 
WP6 seeks to exploit advances in the area of semantic data management, processing and analytics.  The goal 
of WP6 is to generate a semantic knowledge base on which innovative analytics can be performed in a 
scalable and efficient manner. Deliverable D6.1 documents in detail the work done in task T6.1: Semantic 
indexing and CALLISTO ontologies. The aim of T6.1 is to exploit the heterogeneous data collected and indexed 
from the raw data sources in WP3 to generate higher-level, structured knowledge. Semantic indexing 
techniques, e.g., triple tables and vertical partitioning, are used to generate semantic data (RDF format). 
Existing open-source frameworks are used to perform structured and semi-structured (e.g., spreadsheets, 
JSON, XML) data transformation to generate data in the format of RDF. To guide the semantic lifting of the 
target data, vocabularies that semantically represent the knowledge model is identified and provided. 
Transformation is based on semantic mapping between lower-level data structures and semantic data 
models from ontologies and vocabularies. Resulting RDF data will be forwarded for ad-hoc querying and 
processing pipelines in T6.3: Semantic complex querying, inference, and analytics from heterogeneous data 
sources. 

This document explains in detail the CALLISTO ontology’s concepts and relationships, and the ontology 
development methodology in the following. The sections outline all the stages that should be completed in 
order to generate the final knowledge graph. However, the creation of the CALLISTO ontology is the prime 
focus of this document. The data mapping process is explained to demonstrate how multiple datasets are 
converted into RDF and queried using SPARQL. The document also highlights data integration options for 
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merging the CALLISTO knowledge graph with the current LOD in order to improve the semantic 
representation of these domains and conduct more analytics. 

1.2 Document Structure 
The document is organized as follows: 

 Section 1 - Introduction describes the purpose and scope of the document and its structure. 
 Section 2 - Knowledge Graphs and Semantic Indexing introduces the semantic web technologies and 

explain the main terminologies and concepts that are used in this document. 
 Section 3 - Related Work presents the state-of-the-art of using ontologies and knowledge graph in 

EO domain and PUCs domains and concludes what ontologies can be reused. 
 Section 4 - Ontology Development Methodology describes how the ontology was created as well as 

how the knowledge graph will be created. The ontology acquisition and evaluation are also explained 
in this Section. 

 Section 5 - CALLISTO Ontology explains in detail the concepts and relations of the ontology. To reduce 
the complexity of showing the ontology in a single diagram, it is divided into parts in subsection.  Each 
subsection describes the ontology part of a PUC’s domain. 

 Section 6 - Semantic Mapping Pipeline presents the data mapping steps to transform the datasets to 
RDF and generate the knowledge graph. 

 Section 7 - Ontology Deployment and Usage shows the VOCOREG platform and how the ontology is 
deployed their and how it can be accessed and queried through an API. SPARQL query example is 
presented to show how the knowledge graph can be queried. 

 Section 8 - Conclusion and Future Work summarizes the document and highlight the next steps in 
the project. 
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2 Knowledge Graphs and Semantic Indexing 
"The web of human-readable document is being merged with a web of machine-understandable data. The 
potential of the mixture of humans and machines working together and communicating through the web 
could be immense", Tim Berners Lee [3].  

Knowledge Graphs are heterogenous large datasets in the shape of a graph. Individual rows of tabular 
datasets are same as a relation in a knowledge graph. To enable the knowledge graph construction, the set 
of triple instances of a knowledge graph must be generated. These instances are defined according to an 
ontology dedicated to a knowledge graph. The ontology provides a meta-data that structures the content of 
knowledge graphs. Besides, both ontologies and knowledge graphs data are descriptions using a semantic 
representation language. RDF is chosen as a base of the data representations. 

The goal of adopting ontologies is to express a domain-specific knowledge in a machine-understandable 
language that can be used for further research and analysis purposes (e.g., data simulation, deep learning, 
question-answering). OWL is the W3C standard for describing concepts and relationships of ontologies. RDF 
standards represent the concepts, relationships, and instances as web resources URI (Uniform Resource 
Identifier), that can be globally accessed and linked with other ontologies, known as Open Linked Data. 

The generation of the knowledge graph not only requires converting semi-structured data and un-structured 
data into graph but also it requires data integration and storage. For this process, the same general pipeline 
of data integration for knowledge graphs is followed [4]. The step of data processing comes after the data 
integration, which is to clean the data, based on Semantic indexing and matching entities, then removing 
duplicate data and redundant relations. The indexing involves constructing a structured access to web 
content to facilitate matching same entities through the dataset gathered from different resources. 

While a knowledge graph can include millions of facts, it is possible to query them if they are indexed and 
stored. Triple storage systems store and index knowledge graphs based on entities and relations to employ 
complex queries. For example, Apache Fuseki1 triple store can keep millions of triples and allows querying 
data using SPARQL queries. SPARQL queries facilitate asking complex questions and making analysis based 
on the relations in the knowledge graph. 

Terminologies and definitions that are used in this document 

 OWL2 (W3C Web Ontology Language) is a Semantic Web language for defining knowledge. 
 RDF3 is a framework used for expressing information about resource (e.g., people, places, events). 
 SPARQL4 is a W3C standard query language for RDF. 
 GeoSPARQL5 is an Open Geographic Consortium (OGC) standard for describing and querying 

geospatial data on the Semantic Web. 
 LOD is data that is freely available on the Internet that is built on RDF standards and is identifiable 

by a Uniform Resource Identifier (URI). LOD enhance creativity and innovation as it allows exploring 
data and creating knowledge by integrating and linking data from different domains6. 

 
1 https://jena.apache.org/documentation/fuseki2/  
2 https://www.w3.org/OWL/  
3 https://www.w3.org/RDF/  
4 https://www.w3.org/TR/sparql11-query/  
5 https://www.ogc.org/standards/geosparql  
6 https://landportal.org/developers/what-is-linked-open-data  
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3 Related Work 
The following presents a list of projects and studies that cover application of ontologies and knowledge graph 
in EO and PUCs domains: 

Managing Big, Linked, and Open EO Data [5]: This work presents the general life cycle of linked open EO data 
and provides an example for this life cycle based on a specific application (fire monitoring). It uses the 
software stack developed by two European Union research projects: TELEIOS and LEO. 

EO metadata ontology model for spatiotemporal-spectral semantic-enhanced satellite observation 
discovery [6]: This research designs an earth observation metadata ontology for agricultural drought 
assessment by monitoring soil moisture, based on extracted EO metadata. The ontology has been used in a 
test application in Hubei Province in China.  

CANDELA project [7]: CANDELA is an EU research project that provides access and enables the processing of 
Copernicus data. It includes ETLs and machine learning algorithms for extracting data from images, change 
detection of EO data on time series, and integration of data from various sources. The project has been 
validated on several use cases in two domains: forest and agriculture. Designed ontology is openly accessible 
and provides an environment to run SPARQL queries. 

SWEET ontology [8]: This study, by NASA, defines a mid-level framework ontology which consists of nine top-
level concepts, that can be used as a foundation for domain-specific ontologies related to the environment 
and earth science data. The ontology is under copyright only some of its classes are accessible. 

EOPEN project [9]: EOPEN provides a platform and infrastructure for big data processing applications related 
to ontology studies. It supports a semantic reasoning as a service but is not appliable for building ontologies. 

WorldKG [10]: A World-Scale Geographic Knowledge Graph that provides a semantic representation of 
geographic entities in OpenStreetMap (OSM), using integration of OSM and general-purpose knowledge 
graphs such as DBpedia and Wikidata. The research uses a neural network approach for tag-to-class 
alignment between OpenStreetMap and knowledge graphs. The produced ontology by this method is 
accessible through web and can benefit applications in mobility, transportation, tourism and logistics 
domains, informational maps, and services. 

ATU project [11]: Assessing the Underworld (ATU) is an interdisciplinary UK research project, that addresses 
challenges in integrated inter-asset maintenance. To study soil effects on the performance of assets, this 
study has generated an ontology with a focus on soil properties and processes. SWEET ontology [8] is used 
as the base. 

MeteoGalicia project [12]: This work provides a fuzzy temporal ontology in air quality index data series. The 
index data has been provided by meteorology agency in Galicia (NW Spain) from two different data sources. 

ONTOLOGY BASED SYSTEM FOR CPS using IoT [13]:  This paper tries to model Cyber-Physical Systems (CPS) 
in smart farms considering Internet of Things (IoT). The project generates AI supported insights for farmers 
and the cooperative with representing various interactions that happen between the sensors, deployed in 
the farms, shared resources, and the cooperative entities.  

Crop-Specific Trait Ontologies using IoT [4]: This study presents a data-integration approach between data 
collected from IoT devices and agricultural open-data platforms. The approach used creates a web-based 
open-data platform. For linking site-specific parameters to sensor measurement values, a crop-specific trait 
ontology has been provided, using Internet-of-Things (IoT)-based applications. The ontology is openly 
accessible. 
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Search engine project [14]: This study analyses user-based ontology creation in developing a search engine 
to help specific queries in the field of agriculture. Co-constructing ontologies with stakeholders, created 
for smarter search engines in agriculture targets, improves the structuring of knowledge in the specific 
agriculture domains. More precisely, the study builds search engines with user-centered ontologies. 

According to the state-of-the-art, Candela ontologies are used to represent the satellite images of DIAS and 
territorial descriptions. Moreover, due to the specific requirements of the PUCs, more concepts and 
relationships are developed to address the needs of the CALLISTO project. 
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4 Ontology Development Methodology 
To develop the CALLISTO ontology, the ontology development life cycle of METHONTOLOGY was adopted 
[15], as illustrated in Figure 1. The following stages and activities to build the ontology were pursued: 

1) Specification. Define the ontology's goal, scope, and intended users. CALLISTO ontology aims to 
semantically represent and integrate EO domain and PUCs domains. Researchers and software engineers 
are the intended users of this ontology, with the purpose of reusing the ontology to add semantics to 
similar domains and integrate the ontology with LOD to explore and analyze data.     

2) Conceptualization. Design a conceptual model that represents the domain of the ontology. The state-of-
the-art in terms of the domains’ definition standards are analyzed, as well as ontologies that represent 
EO and PUCs (as mentioned in Section3). As a result, the concepts of the CANDELA ontologies are used 
to describe EO domain. CANDELA ontologies use W3C ontologies (e.g., SOSA ontology) and extend them 
with satellite imagery data. As a starting point, the main concepts and relationships were sketched, and 
the CALLISTO ontology was iteratively developed. 

3) Formalization. Describe the ontology in more detail. The main concepts of the previous stage, hierarchies 
and restriction axioms are defined more precisely to emphasis the meaning and relationships of the 
ontology. 

4) Implementation. Implement the ontology in a formal representation (e.g., OWL, RDF). Protégé7 software 
application is used to create the ontology as defined in the previous stage. SPARQL is used to query and 
evaluate the results. 

5) Maintenance. Edit and update the ontology. The ontology is maintained after reviewing and getting 
feedback from the domain experts.  

Figure 1: The ontology development life cycle stages and activities of METHONTOLOGY 

 

During the development of the CALLISTO ontology, three activities were working though out the 
development life cycle: 

 
7 https://protege.stanford.edu/  
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4.1 Knowledge Acquisition  
This knowledge acquisition activity takes part along all the previous stages where the domain knowledge is 
collected and analyzed to semantically represent them in the ontology. The following processes were 
executed in parallel, 

1) Conceptualization with experts. In order to develop the first sketch of the ontology, interviews, and 
discussions with the PUC domain experts were undertaken to understand the primary entities and 
relationships of the domains (e.g., water quality monitoring, air quality monitoring). 

2) State-of-the-art and Reuse. Reusing formal and well-defined ontologies help to increase interoperability 
with linked data. Before building an ontology from scratch, it is always recommended to study the state-
of-the-art and reuse ontologies, especially if they follow specific standards and guidelines like, W3C (e.g., 
SOSA/SSN ontology8).  

3) Studying and analyzing the available datasets. The PUC datasets were studied and analyzed to enrich 
the ontology with more domain-specific concepts and relationships. The ontology reflects the data 
structure, type, and constraints of data values of these datasets. 

4.2 Evaluation 
The evaluation activities should cover the technical quality of the ontology and the completeness of the 
domain representation. On the technical level, the ontology was evaluated by an ontology engineer expert 
in Fraunhofer IAIS. A sample of the knowledge graph, which contains social media data, was generated, and 
evaluated by executing SPARQL queries; this will be explained in Section 7. 

On the domain level, iterative evaluation sessions took place with the PUC-related domain experts to explain 
and discuss the ontology model. The focus was to ensure that the ontology describes the various domains 
addressed by CALLISTO use cases and datasets. Before finalizing the ontology and submitting this deliverable, 
a workshop was conducted to represent the ontology to all the PUC partners and collect their feedback. To 
reduce the complexity of the ontology, the ontology is split into five parts. The CANDELA main concepts were 
explained, and then each part of the ontology is expanded upon. The following was the focus of feedback 
activities:  

1. The correctness of the concepts and properties naming and relationships. 
2. The completeness of the domain representation as per the PUC expert expectation. 

After the workshop conclusion, a document was created with all the ontology images that were discussed 
and shared with all partners. Partners revised and discussed the ontology and provided feedback. Smaller 
sessions were organized with some PUCs experts to discuss, in more details, comments and then the ontology 
was updated accordingly. Finally, the ontology is edited according to all the comments and shared again with 
all the partners before the final review of the deliverable to do a final evaluation. 

4.3 Documentation  
Document what was done in the ontology to make it understandable and reusable by others. The 
documentation of the CALLISTO ontology is done by adding labels and comments to describe the classes and 
properties. The ontology is publicly available on VOCOREG platform which provides a documentation 

 
8 https://www.w3.org/TR/vocab-ssn/  
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functionality that can be understandable by non-expert ontology users. The ontology is openly accessible to 
help others understand the ontology and reuse its concepts. 
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5 CALLISTO Ontology 
Following the state-of-the-art, the CANDELA ontologies are used to represent geospatial data and satellite 
imagery, while more concepts are modeled in the CALLISTO ontology to reflect the domain-specific definition 
of the targeted PUCs (as explained in Sections 5.1, 5.2, 5.3, 5.4, 5.5) .  

The CANDELA ontologies were built to assist the semantic search module, with the goal of providing semantic 
capabilities to search for satellite imagery based on a variety of information, mainly image metadata, image 
analysis results, and open data [16]. The CANDELA project provides a triplification process9 that takes vector 
and raster files (i.e., GeoTIFF images) as an input and extracts meaningful structured information from the 
metadata (e.g., latitude and longitude, etc).  

The CANDELA ontologies are extending and several standard vocabularies are reused, more relevant, 1) 
GeoSPARQL ontology10 which describes the geolocations and spatial functions and 2) SOSA ontology 11 
(Sensor, Observation, Sample, and Actuator) which represents the main classes and properties of the SSN 
(Semantic Sensor Network) that describes the sensor data representation (i.e., observation and procedures).   

This section introduces the main ontologies that are reused (i.e., CANDELA ontologies) in the CALLISTO 
ontology. Table 1 lists all the prefixes and the ontologies’ description. In the following ontology diagrams, all 
colored classes are external classes, and they are associated with a prefix (e.g., geo, eom). The white colored 
classes are domain specific classes which are specifically defined for the CALLISTO project. 

Table 1: Ontologies reused in the CALLISTO ontology 

Prefix URL Description 

: https://purl.archive.org/callisto CALLISTO ontology at VOCOREG 

owl http://www.w3.org/2002/07/owl#  W3C Web Ontology Language is an ontology language for 
the Semantic Web with formally defined meaning 

rdfs 
http://www.w3.org/2000/01/rdf-
schema#  

RDF Schema provides a data-modelling vocabulary for RDF 
data. 

geo http://www.opengis.net/ont/geosparql OGC GeoSPARQL ontology is an RDF/OWL vocabulary for 
representing spatial information 

eom http://melodi.irit.fr/ontologies/eom CANDELA Earth Observation Ontology represents 
metadata of Sentinel images 

eoam http://melodi.irit.fr/ontologies/eoam CANDELA Earth Observation Analysis Model 

tom http://melodi.irit.fr/ontologies/tom CANDELA Territorial observation model presents 
observations made on terriorial units 

grid http://melodi.irit.fr/ontologies/grid.owl  CANDELA Grid describe land cover percentage 

sosa http://www.w3.org/ns/sosa/ W3C Sensor, Observation, Sample, and Actuator 

dcat http://www.w3.org/ns/dcat# W3C Data Catalog Vocabulary facilitates interoperability 
between data catalogs published on the Web 

prov http://www.w3.org/ns/prov-o/ W3C PROV ontology models provenance information for 
different applications and domains 

dbo https://dbpedia.org/ontology/ DBpedia ontology corresponds to DBpedia data set 

 
9 https://github.com/tbhuy/triplification  
10 http://www.opengis.net/ont/geosparql  
11 https://www.w3.org/TR/vocab-ssn/  
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The Earth Observation Model (eom)12, as illustrated in Figure 2, is the core ontology of CANDELA which 
represents the metadata of the Sentinel images and sensor data (as defined by SOSA ontology). It describes 
the images as products that are a result of observation. Each observation has a spatial and temporal 
information. The eom concepts (eom:SatalliteSensor, eom:Product) are used to represent the Sentinel-1 and 
Sentinel-2 images metadata which are provided by ONDA DIAS. Satellite imagery (e.g., Sentinel, Copernicus) 
provides metadata in the form of XML13. The PUCs are using Sentinel data to analyze images and train their 
machine learning and deep learning algorithms, for example, to detect LPIS declaration violation. 

Figure 2: CANDELA - Earth Observation Model (eom) 

 

 

The Earth Observation Analysis Model (eoam)14, as illustrated in Figure 3, models the datasets that are 
generated from the Sentinel image observations and analysis (e.g., using machine learning algorithms). This 
ontology is essential for representing the output results (eoam:EOAnalysisResults) of the earth observation 
analysis performed by the PUCs’ machine learning and deep learning algorithms. For example, PUC4 is 
training a deep learning algorithm to detect land border changes in terms of “relevant” (e.g., new barriers, 
new roads, etc.) and “non-relevant” changes (e.g., snow cover alterations, agricultural crop stages, etc.). 
When the results of this analysis are semantically represented in the CALLISTO ontology, they can be reused 
and combines with other dataset and new knowledge can be inferred when querying and analyzing the data.  

Figure 3: CANDELA - Earth Observation Activity Model (eoam) 

 

 
12 http://melodi.irit.fr/ontologies/eom.owl 
13 https://catalogue.onda-dias.eu/catalogue/  
14 http://melodi.irit.fr/ontologies/eoam.owl 
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The Territorial Observation Model (tom), illustrated in Figure 4,  represents the property of interest and its 
value on each territorial unit presenting a footprint on Earth. A territorial units of interest can be 
administrative units (e.g., village, county), agricultural parcels, or forest units. The tom ontology is reused in 
representing the domain of PUC 1 and PUC 4 as they are observing properties of territorial parts (e.g., parcel, 
land border). The tom:GeoFeature is reused to represent the parcels and land borders, and geo:Geometry 
class is reused to represent the spatial locations of these territorials. The spatial locations are described using 
the markup language Well-Known Text (WKT). WKT is used to represent vector geometry objects on a map, 
it allow spatial reference systems of spatial objects and transformations between spatial reference systems 
(e.g., MULTIPOINT(0 0,1 1)). 

Figure 4: CANDELA - Territorial observation model (tom) 

 

 

To reduce the complexity of representing the CALLISTO ontology in a single model. The model is divided into 
five parts with respect to the domain it presents. In each section, a list of Linked Open Data is suggested for 
integration with the ontology to enhance the semantics of the domain and provides more analytics.  

5.1 PUC 1: Common Agricultural Policy (CAP) monitoring 
PUC1 focuses on CAP monitoring, and it addresses two use cases: 1) Crop Classification and 2) Grassland 
Outlier Detection. The use cases use deep learning algorithms and various data sources (i.e., Satellite 
imagery, geotagged photos, UAV VHR imagery) to enhance crop classification and validate results with 
respect to the LPIS declarations. PUC 1 is using the following datasets: 

1. Land Parcel Identification Systems (LPIS) declarations 
2. Sentinel-1 and Sentinel-2 satellite: ONDA DIAS platforms and the Sentinel Open Access Hub. 
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3. Very High Resolution – Satellite: Low Earth Orbit will also be available through the Copernicus 
Space Component 

4. Very High Resolution – Unmanned Aerial Vehicles: UAVs which will enable them to collect very high 
resolution in-situ data from parcels. 

5. Open datasets (Mapillary, Geotagged photos) 

The CAP monitoring model is the CALLISTO ontology part that models the CAP monitoring domain knowledge, 
as illustrated in Figure 5. The Parcel class is declared a Crop type as per the LPIS declaration to aid the 
management of CAP and balance the cultivation process in European Union countries as per the EU Member 
States' LPIS. The CAPMonitoringObservation class refers to the observations of PUC1; it includes three 
subclass observations GreeningObservation, and LPIS_ConformationObservation, 
CropDiversificationObservation. 

Figure 5- CALLISTO ontology - CAP monitoring model 

 

 

 
 

LOD opportunities 

1. Crop Ontology15 models the phenotypic variables of a crop as a combination of a trait, a method, and 
a scale (e.g., Wheat ontology example16). The ontology was designed to help breeders to create and 
manage field books and generation of annotated trail data. 

2. Agronomy Ontology17 models the trails and parameters defined by agronomists. It also incorporates 
other ontologies: Environment Ontology, Units of measurement ontology, and Phenotype And Trait 
Ontology18. 

3. Plant Ontology (PO)19 models the crop development stages. 

 
15 https://cropontology.org/ 
16 https://cropontology.org/ontology/CO_321/Wheat/owl 
17 https://bigdata.cgiar.org/resources/agronomy-ontology/ 
18 https://raw.githubusercontent.com/AgriculturalSemantics/agro/v2021-11-05/agro.owl 
19 https://obofoundry.org/ontology/po.html 
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5.2 PUC 2: Water Quality Assessment 
PUC 2 is concerned with assessing water quality of reservoirs using EO and in-situ data. PUC 2 are using EO 
data, in-situ hyperspectral data, inline monitoring, and grab sample data to monitor and evaluate water 
quality in surface water bodies. Figure 6 illustrates the water quality monitoring model which reuses the 
SOSA ontology to represent the WaterObservation and WaterSample as per the domain analysis of SMAT 
lagoon and the Blankaart water reservoir. WaterQualityMesaurments class includes measurements like 
Turbidity, Total Organic Carbon, Dissolved Oxygen Ammonium, Nitrate (as NO3) Chlorophyll (Blue-Green 
Algae), Chlorophyll (Diatoms) Chlorophyll (green algae), and Chlorophyll (Planktothrix). 

Figure 6: CALLISTO ontology - Water quality assessment model 

 

 
 

5.3 PUC 3: Satellite Journalism 
The Journalism PUC is focusing on analyzing air quality data and correlating it with other factors, like data 
relevant to construction events in the area. DRAXIS is analyzing the measurements of the daily or hourly 
concentrations of PM10, PM2.5, SO2, NO2, CO, O3 which are available at many stations and sensors (more 
than 10,000 points20). The air quality is graded as Very Good, Good, Medium, or Bad based on the data of 
each station/sensor. Based on the measurements, a color coding is given to the points of interest: Green, 
Blue, Yellow, Red. Figure 7 illustrates the air quality assessment model. It is composed of AirQualityStation 
which is defined by location, name, other properties, and AirQualityMeasurement which represents the air 
quality parameters, unit of measure and risk indicators. In Section 6, a scenario is described to integrate social 
media data, collected about air quality, and dataset collected from the national German air quality stations 
to analyze correlation between both. 

LOD opportunities 

 
20 https://platform.hackair.eu/  
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1. Data about construction events which are of interest to DW use case: https://www.baustellen-
check.de/#10.95/49.018/12.2905 

2. CAMS reanalysis: forecast concentrations of PM10, SO2, NO2, CO, O3 for the following 3 days. 

 

Figure 7: CALLISTO ontology - Air quality model 

 

 

5.4 PUC 4: Land Border Change Detection 
The land border change detection use case is built on analyzing Satellite imagery to support the operational 
work of SatCen. Sentinel data is analyzed in this PUC to detect and infer changes at land borders, and analysts 
are alerted accordingly. The datasets that are used in this PUC are: 

1. Sentinel-2 
2. Contributing Missions (VHR Optical imagery) 
3. UAV (Unmanned Air Vehicle) 

Figure 8 illustrated the land border detection model. ChangeDetectionObservation is defined in terms of 
temporal data, spatial location, and distance cross border. According to the risk level, analysts are alerted 
about the affected locations. Example of change detection features  

 Change Detection Features (High Criticality Level) 
a. Land Clearing (<0,1km and 0,1-1km) 
b. New construction (<0,1km and 0,1-1km) 
c. Extension or widening of the road network (<0,1km and 0,1-1km) 

 Change Detection Features (Moderated Criticality Level) 
a. Forest burnt scars (<0,1km and 0,1-1km) 
b. Floods events on borders defined by (or on) rivers/lakes (<0,1km and 0,1-1km) 

The Activity Risk Observation will be recognized by monitoring social media data to detect changes and offer 
alerts; therefore, the social media model is linked to this model. The significance of adopting knowledge 
graph comes into play when it comes to integrating and analyzing different domains. 
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Figure 8: CALLISTO ontology - Land border detection model 

 

 

5.5 Social Media Data 
The Social Media and Event Observation ontology, illustrated in Figure 9, represents the Tweet and 
EventObservation (e.g., air pollutant observations) classes. Each Tweet has properties (e.g., hasLanguage, 
hasID, hasDateTime) and location that is defined with Latitude and Longitude. The JSON generated Tweets 
datasets is created using Named Entity Recognition algorithm to parse tweets by topics/events (e.g., air 
quality, PM10, ozone), location and language. Semantically definition of the social media data allows 
interoperable querying with PUC2, PUC3 and PUC4. 

 

Figure 9: CALLISTO Ontology - Social Media and Event Observation 
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LOD opportunities 

The datasets are mostly related to air quality assessment due to a study on social media data. The dataset is 
collected from Twitter with a focus on air quality terms. The dataset is latter linked to LOD, sensor real-time 
air quality data of a city21 and EU historical air quality measurements22: 

1. The Atmosphere Data Store (ADS) is replacing the CAMS Catalogue as the main point of access to 
CAMS data: https://atmosphere.copernicus.eu/data  

2. European Air Quality information in support of the COVID-19 crisis: 
https://atmosphere.copernicus.eu/european-air-quality-information-support-covid-19-crisis 

3. Rabid Action on Corona Virus and EO: https://race.esa.int/?poi=GCAQ1-N1b. This dataset includes 
statistics about many topics (i.e., air quality, mobility data, water quality, population) 

 
21 https://www.umweltbundesamt.de/en/data/air/air-data  
22 https://www.eea.europa.eu/data-and-maps/data/aqereporting-9  
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6 Semantic Mapping Pipeline 
As described in Section 5, CALLISTO project is composed of EO data (i.e., Satellite images) and PUCs data. 
Each PUC provides several datasets in different formats (e.g., csv, json). After creating the ontology, the 
second step is transforming the datasets to RDF as per the CALLISTO ontology definitions. Figure 10 illustrates 
the pipeline and tools which are used to create the CALLISTO knowledge graph and deploying it openly on 
VOCOREG. In this deliverable, the focus is on creating and deploying the ontology. The next step should be 
data mapping and querying that will be used by SANSA platform for applying data analytics on geospatial 
data. 

To test and validate the feasibility of this pipeline, a sample knowledge graph was generated. The RDF 
Mapping Language (RML) is used to map the social media dataset and in-situ air quality assessment data to 
the ontology [17] using the RMLMapper processor23. 

Figure 10: Semantic Mapping Pipeline 

 

 

German georeferenced tweet dataset was mapped to ontology, and generated the knowledge graph in RDF, 
as shown in the RDF.  

<https://purl.org/callisto/Tweet/123> a tweets:Tweet; 
  tweets:hasDateTime "2021-11-21T01:13:00Z"; 
  tweets:hasText """⚠ Achtung Frankfurt ! 02:12 21.11.2021  
  Feinstaubwert hoch ....- Feinstaub und ..."""; 
  tweets:occuredIn <https://purl.org/callisto/location/123>; 
  tweets:relatedTo <https://purl.org/callisto/event/11> . 
   
<https://purl.org/callisto/event/11> a tweets:Event; 
  tweets:hasKeyword "Feinstaub" . 
<https://purl.org/callisto/location/123> a tweets:Location; 
  geosparql:asWKT Point (8.67795,50.1249136 8.6820917, 
  50.1106444); 
  tweets:hasLocationName "Frankfurt, Hesse, Germany",  
  "Nordend West, Innenstadt 3, Frankfurt, Hesse, Germany".  

SPARQL query language was used to query the knowledge graphs. The following SPARQL query represents a 
query that counts the number of tweets that occurred in the cities of Germany and has the 
Observation:PM10, particulate matter. The query keeps track of the number of times this observation has 
occurred in each location over time. 

This query is linked to the air quality sensor data to retrieve the actual measurements of PM10 in the German 
cities within an interval of time and compare it with the fluctuation of tweets.  

 
23 https://github.com/RMLio/rmlmapper-java  
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Table 2 shows a sample of the query results of tweets that were located in Frankfurt within the last quarter 
of 2021 that address PM10 and particulate matter. When querying the air quality data, the value of PM10 on 
the given dates is retrieved. For example, the annual mean (µg/m³) and the number of daily values above 50 
µg/m³ are measured (20, 4 respectively) in Frankfurt by the station Kassel Fünffensterstraße. When analyzing 
the query results, in some cities, the number of tweets that discusses air quality (i.e., PM10, and particulate 
matter) increased as well as the PM10 measures were high at this date, like in Frankfurt city in 2021. 
However, deeper analysis can take place to find correlations and extract more knowledge from this data 
integration. 

PREFIX rdfs: <http://www.w3.org/2000/01/rdf-schema#> 
PREFIX owl:  <http://www.w3.org/2002/07/owl#> 
PREFIX xsd:  <http://www.w3.org/2001/XMLSchema#> 
PREFIX geo:  <http://www.w3.org/2003/01/geo/wgs84_pos#> 
PREFIX tweets: <https://purl.org/callisto/>  
SELECT DISTINCT ?keyword ?loc_name ?dt  
       (COUNT(?tweet) AS ?tweetsCount)  
WHERE { 
   ?tweet a tweets:Tweet. 
   ?tweet tweets:hasDateTime ?time. 
   ?tweet tweets:relatedTo ?event. 
   ?event tweets:hasKeyword ?keyword.     
   FILTER (?keyword in ("Feinstaub","PM10" )). 
   ?tweet tweets:occuredIn ?location.  
   ?location tweets:hasLocationName ?loc_name .  
   FILTER regex(str(?loc_name), "Germany").  
   BIND( (xsd:string(Month(xsd:dateTime(?time))) + '-' +  
   xsd:string(YEAR(xsd:dateTime(?time))) ) AS ?dt). 
 GROUP BY ?keyword ?loc_name ?dt 
HAVING(COUNT(?tweet) >1) 
ORDER BY ?keyword ?loc_name ASC(?dt) DESC(?tweetsCount)  

Table 2: Sample of the particulate Matters Observation 

Location Date Number of Tweets 

Frankfurt, Hesse, Germany Sep-21 37 

Frankfurt, Hesse, Germany Oct-21 0 

Frankfurt, Hesse, Germany Nov-21 107 

Frankfurt, Hesse, Germany Dec-21 224 
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7 Ontology Deployment and Usage 
The CALLISTO ontology is deployed on VOCOREG24, an Integrated Environment for Collaborative Vocabulary 
Development, to share the knowledge graph with the community. The platform allows exploring semantic 
representation even without IT knowledge, enabling domain experts to navigate through the knowledge 
graph. Users can query the knowledge graph directly using the VOCOREG user interface or through an API to 
get the results in RDF or JSON formats. 

The following screenshots show how the ontology appears in the main functions of VOCOREG platform. The 
Figures includes documentation, visualization and querying stages. 

 

Figure 11: VOCOREG - Ontology Documentation 

 

 

 
24 https://www.vocoreg.org/home/CALLISTO/master  
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Figure 12: VOCOREG - Ontology  Visualization 

 

 

Figure 13: VOCOREG - Ontology Querying 
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8  Conclusion and Future Work 
In this deliverable, the development of CALLISTO ontology was explained in detail. The standard vocabularies 
that were used to represent geospatial and sensor data was defined. The data mapping pipeline was 
explained, and a sample knowledge was generated using the pipeline. The ontology is deployed on VOCOREG.  

For the next steps, the geospatial knowledge graph will be created after the final ontology is developed and 
integrated with the mapped data. The created geospatial knowledge graph will then be enriched by 
interlinking to other exiting KGs such as population information, social media etc.  

The CALLISTO ontology will be used in Task T6.2: Named Entity Recognition from text for geo-referencing and 
linking with open. The NER methods will be complemented by Ontology-based Information Extraction (OBIE) 
methods, supported by the vocabularies designed in T6.1. These same ontologies can be used to guide the 
information extraction process using Open Linked Data. OBIE has the advantage of distinguishing between a 
hierarchy of relevant named entity types and instances, as opposed to a flat list of named entities. Moreover, 
named entities obtained from dynamic open linked data repositories (e.g., semantic descriptions on the 
aforementioned OpenStreetMaps and DBpedia) can be used to increase the recall of the extraction process. 
Having the semantic representation of geo-referenced data will then enable spatial queries and reasoning. 

The CALLISTO ontology will be used in Task T6.3: Semantic complex querying, inference, and analytics from 
heterogeneous data source. In this task, semantically-indexed and enriched data generated by T6.1 will 
undergo further complex semantic processing. To this end, advanced semantic processing frameworks such 
as the Semantic Analytics Stack (SANSA) will be used. SANSA consists of various dedicated layers to perform 
SPARQL querying, inference, and machine learning based analytics. Existing components will be extended to 
provide optimized big data processing capabilities for data containing geospatial information. 
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