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Abstract: Geospatial data is crucial for sustainable development, but obtaining up-to-date and high-quality data is
challenging in many regions, including Brazil. Collaborative mapping on platforms such as OpenStreetMap (OSM)
has produced updated and open geospatial data, especially in urban areas, but its quality is heterogeneous. In
addition, semantic interoperability is challenging when integrating OSM data with authoritative geospatial data. This
article presents a procedure for semantic alignment between two conceptual models within a conflation process to
elicit background knowledge for geospatial data integration. The first model is the Technical Specification for
Structuring Vector Geospatial Data (ET-EDGV 3.0) in Brazilian Portuguese, and the second is the OSM model with
tags mainly in English. The alignment produced a table combining the ET-EDGV classes, attributes, domains, and
geometries with the OSM tags and elements. The semantic alignment was tested in two study areas to check the
thematic accuracy of transportation data imported from OSM compared to the data in the reference database. The
study found that the best percentage of segments correctly classified by alignment was for "highway=trunk" tags
(98.27%) and "highway=primary" (98.20%), corresponding to road and highway segments, and for the
"highway=residential" tag (76.20%), corresponding to sections of residential streets. The study also identified
factors that may contribute to low accuracy rates, including ambiguous semantic descriptions and the need for local
context analysis. This research contributes to adding collaborative data to the official mapping, a relevant alternative
for updating and supplementing reference mapping that can be applied in other geographical contexts.

Keywords: Semantic interoperability. Semantic alignment. Integration between geospatial databases. Data
conflation.

Resumo: Os dados geoespaciais sdo cruciais para o desenvolvimento sustentavel, entretanto obter dados atualizados
com alta qualidade é um desafio em muitas regides, incluindo o Brasil. O mapeamento colaborativo de plataformas
comoo OpenStreetMap (OSM) produz dados geoespaciais atualizados e abertos, especialmente em areas urbanas,
entretanto, sua qualidade € heterogénea. A interoperabilidade semantica ¢ outro desafio para integrar dados OSM a
dados oficiais. Este artigo apresenta um procedimento de alinhamento semantico entre dois modelos conceituais
dentro de um processo de fusdopara obter conhecimento prévio para integragdo de dados. O primeiro modelo ¢ a
Especificagdo Técnica para Estruturacdo de Dados Geoespaciais Vetoriais (ET-EDGV 3.0) e o segundo é o modelo
do OSM com fags em inglés. O alinhamento produziu uma tabela combinando as classes, atributos, dominios e
geometrias da ET-EDGV com as tags e elementos do OSM. Este alinhamento foi testado em duas areas de estudo
para verificar a precisdo tematica dos dados de transporte importados do OSM em comparacdo com os dados
oficiais. O estudo constatou que o melhor percentual de dados classificados corretamente pelo alinhamento foi para
as tags "highway=trunk" (98,27%) e "highway=primary" (98,20%), correspondentes aos trechos rodoviarios e
rodovias, e"highway=residential"(76,20%) correspondente a trechos de vias residenciais. A pesquisa identificou
ainda, fatores que podem contribuir para baixas taxas de precisdo, como descrigdes semanticas ambiguas e
necessidade de analise do contexto local. Esta pesquisa contribui para a agregagdo de dados colaborativos ao
mapeamento oficial, para atualizagdo e completude, uma alternativa que pode ser aplicada em outros contextos
geograficos.

Palavras-chave: Interoperabilidade semaéntica. Alinhamento semantico. Integragdo entre bancos de dados
geoespaciais. Fusao de dados.
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1 INTRODUCTION

Due to the low investment in cartography in Brazil, the authoritative geospatial data covers the
territory mainly at the small and medium scales and is also often outdated. Moreover, large-scale reference
mapping, necessary for urban planning, is still scarce in the country (CAMBOIM et al., 2015). On the other
hand, collaborative mapping of platforms such as OpenStreetMap (OSM) produces updated and open
geospatial data, especially in urban areas. Although its quality is heterogeneous, studies have shown that it is
satisfactory for many usessuch as change detection, collection of new data, photointerpretation, web-based
tools,vernacular names, toponymy, use of metadata and others, what is already happening in several
countries like Germany, Belgium, Canada, Great Britain and the United States of America (DORN et al.,
2015; ELIAS and FERNANDES, 2021; SALVUCCI and SALVATI, 2022; ZHANG and MALCZEWSKI,
2017). Therefore, OSM's collaborative data can be a relevant alternative for updating and supplementing
reference mapping. However, achieving interoperability between data and geospatial information systems is
not a trivial task due to the complexity of geospatial information and the variety of modelling possibilities.

At the semantic level, the lack of common conceptual models implies problems in data exchange
between organisations, including data distortion, poor information quality, loss in attribute definitions, and
even georeferencing (LIMA et al., 2002; WACHE et al., 2001). Thus, establishing a conceptual model
provides a path to overcome the challenge of semantic interoperability. Furthermore, a conceptual model
provides a coherent and systematic description of the content and organisation of a dataset. However, when
working with distinct conceptual models, semantic compatibility between them is required to integrate
multiple databases. For this reason, performing a semantic compatibility match (SIEBER and JOHNSON,
2013; NOVACK et al., 2019; TRAJCEVSKI et al., 2020) among their respective definitions is necessary.

However, formalising and associating concepts with a shared meaning makes this mission
challenging. Moreover, there may be variations in the concepts depending on geographical context or usage,
as definitions result from human perception and cognition, social consensus and state of knowledge
(NOVACK et al., 2019).

This article presents a procedure for semantic alignment (TRAJCEVSKI et al., 2020; XAVIER et al.,
2017; ZHANG et al., 2010) between two conceptual models within a conflation process. Semantic alignment
is used to elicit background knowledge for geospatial data integration. In this research, we propose to apply
it in the context of geospatial authoritative and collaborative data interoperability and as a first step towards a
subsequent formalisation of an ontology.

A conflation process integrates the best-quality components of different data sources to build a
better-combined dataset or provide complementary information that cannot be obtained from a single data
source (VILCHES-BLAZQUEZ and RAMOS, 2021). The first model chosen is the one established by the
National Cartography Commission for Brazilian topographic mapping, the Technical Specification for
Structuring Vector Geospatial Data (ET-EDGV 3.0) (CONCAR, 2018) in Brazilian Portuguese. The second
is the model proposed and maintained by the OSM community (OpenStreetMap Wiki, 2023) with tags
mainly in English. This process produced a table combining the ET EDGV classes, attributes, domains and
geometries with the OSM tags and elements. Documenting the definitions, their respective sources, and the
the alignment graph, we tested the alignment by applying it to two study areas to check the thematic
accuracy of the data imported from OSM compared to the data in the reference (official) database. These
procedures may provide a basis for further integrating heterogeneous data sources and optimising resource
use and data management processes.

This work has some aspects that add to the current corpus of research. First, to work with conceptual
models in different languages as a previous step to integrate them. Second, from the point of view of
geographical and cultural differences, this work contributes by aligning an authoritative data model of a
National Spatial Data Infrastructure (NSDI), in this case, the Brazilian one, with a global collaborative data
model, as is the OSM. Third, in the scope of the analysis and purpose of the application, this research
contributes to adding collaborative data to the official mapping for updating and completeness. Finally, the
method can be applied in other geographical contexts, even though the example of Brazil is used, and does
not exclude the issue of generalisation versus specificity.
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1.1 Background and Related Work

The emergence of Volunteered Geographic Information (VGI) has affected the geospatial
community and society. VGI can provide real-time local knowledge data and has an ecosystem of open tools,
data and dynamic communities that make it a valuable source of information. However, the heterogeneity of
VGI is a significant challenge for government agencies considering its use for mapping updates
(COLEMAN, 2013; FOODY et al., 2015; GIRRES and TOUYA, 2010).

From a semantic perspective, official datasets are reliable but often lack descriptive information
outside of specific administrative and commercial purposes. Spatial Data Infrastructure (SDI) initiatives,
such as the Infrastructure for Spatial Information in Europe (INSPIRE, 2023) and the National Spatial Data
Infrastructure (INDE) in Brazil (INDE, 2023), address the data model heterogeneity and pursue
interoperability. Schumacher (2021) in Germany and Tsiavos et al. (2012) in Greece proposed methods to
harmonise national data with the European initiative with promising results. According to Mooney and
Corcoran (2011), integrating VGI data is crucial for creating more accessible and user-centred SDIs.

The semantic integration of geospatial databases, such as OSM, with official databases using
ontologies has seen some development. For example, Ludwig and Zipf (2019) studied the tags describing
urban green areas in four cities and found that mapping context and purpose influence the depiction of
vegetation on the OSM platform. Novack et al. (2018) proposed graph-based strategies to match OSM and
Foursquare data points. Estima and Painho (2013) established a correspondence between CORINE Land
Cover and OSM with remarkable results (76% accuracy). Al-Bakri and Fairbairn (2012) analysed the
similarity between Ordnance Survey (OS) and OpenStreetMap data and found semantic mismatch due to
automatic and generic semantic correspondence systems like WordNet. Finally, Cheatham et al. (2020)
explored the alignment of hydrography domain ontologies and found that existing automated systems had
limited success but they argued that manual alignment could be used to enhance information tasks.

In the context of the Semantic Web, Codescu et al. (2011) developed an ontology for OSM tags in
English, while Ahmadian and Pahlavani (2022) evaluated the heterogeneity in the descriptions of the OSM
tags and proposed a formal concept analysis to perform the integration of the building categories with the
corresponding CityGML classification. Finally, Neumaier et al. (2018) integrated and linked datasets to
create a base knowledge graph of geo-entities, adding semantic labels and disambiguating entities using
context and hierarchy.

Despite efforts to align semantic data using OSM with SDI data, there is still a lack of standard
practices. In addition, automatic tools for handling spatial data need improvement, especially when dealing
with heterogeneous concepts across diverse languages and realities. Hence, manual alignment has been
chosen in this work, and the contribution of meta-model matching is a step towards enhancing semantic
alignment tools yet to come.

2  MATERIALS AND METHODS

Instruments are needed to achieve synergy between agents exchanging information represented by
ontologies (and conceptual models), making them compatible and ensuring interoperability (CHEATHAM et
al., 2020; FELICISSIMO and BREITMAN, 2004). According to Fridman and Musen (1999), there are two
possible approaches: merging the ontologies to generate a single ontology or aligning the ontologies by
establishing links between them to reuse each other's information. In the ontology's alignment case intended
for this research, the ontologies are kept separate in an original way, increasing links between their
equivalent concepts. This approach is vital because both conceptual models are existing standards, operated
and updated by different entities. Therefore, it is possible to maintain interoperability over time by creating a
shared and upgradeable alignment.

Thus, to perform the semantic alignment as background knowledge to integrate geospatial data of
authoritative and collaborative mappings, we set out the method described in Figure 1, which consisted of
three steps. In the first step, the structure of the two conceptual models is examined, resulting in a meta-
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model correspondence (P1). In the second step, the semantic alignment is performed based on the two
conceptual models and other descriptive sources. This step produces two outputs: a semantically aligned
output table (P2a) and semantic correspondences (P2b) analysis. The latter product includes identifying and
classifying all possible relationships between elements of the input models and their multiplicities. This
analysis also included a perspective on the relationship between the various types of geometries, a
fundamental step when the focus is on geospatial data models. Finally, in the third step, the quality
assessment is conducted, which consists of two processes. The first process is translating from OSM to ET-
EDGYV, resulting in an ET-EDGV database. The second process is a classification comparison between the
database created in the last step and a reference ET-EDGV database, which then calculates the thematic
accuracy of the output (P3). The thematic accuracy is an indicator of the overall quality of the alignment
process.

We perform the semantic correspondence between the elements while documenting the process using
natural and graphic language. First, we identified each data model's concepts, classes, relationships, axioms
and instances and aligned the geometric and conceptual elements. Furthermore, we performed a quality
assessment study case using semantic alignment for potential categories.

Figure 1- Methodological process and products.
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Two data models provided the core semantic information for alignment. The first one is the
Technical Specification for Structuring Vector Geospatial Data (ET-EDGV 3.0) (CONCAR, 2023), the
conceptual and semantic model of Brazilian terrestrial reference mapping documented in PDF format in
Brazilian Portuguese. The National Cartography Commission, responsible for the National Cartographic
System's standards, homologated the document. The Brazilian Spatial Data Infrastructure (INDE) also adopts
this reference data standard. The ET-EDGV model is based on the Object Modelling Technique for
Geographic Applications (OMT-G), which uses the primitives defined for the Unified Language (UML) class
diagram, with the introduction of geographic primitives to expand the semantic representation (BORGES et
al.,2001). In addition, the ET-EDGV contains class diagrams, tables with classes and attributes and their
definitions, and domain lists. The OMT-G model was created in the late 1990s before ISO/TC211
established the ISO 19125:2004 standard (Geographic information — Simple feature access). Therefore, the
definitions of spatial classes and relationships provided in the ET-EDGV standard are not exactly
implementable in later spatial database management systems which follow the ISO standard. The Brazilian
standard is, however, implemented in databases from topographic data producers such as IBGE, DSG and
various municipalities, with some adjustments.

Source: The authors (2024).
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The second source was the OpenStreetMap conceptual model, based on Extensible Markup Language
(XML) and published through a wiki (OPENSTREETMAP WIKI, 2023). We used the OSM wiki page in
Brazilian Portuguese when available. The model has geometric data structures such as "nodes", "ways" and
"relations". The semantic properties of each of the elements are "tags". They have two parts: a key and a value,
defined in English. For example, a residential street should be semantically described by the tag "street =
residential".

When there was doubt or inconsistencies about the alignment, we referred to other cartographic
standards besides the two conceptual models (CONCAR, 2023; BRASIL,1998). For example, to obtain
information about land routes and road infrastructure, we looked up national standards and technical manuals
on the subject (BRASIL 1997, 2011; DNER, 1996; DNIT, 2006; DNIT, 2007, 2010, 2017, 2020). For trade,
services, and industrial building information, we consulted specific manuals and legislation (IBGE, 2015;
BRASIL, 2003). Additionally, we utilised dictionaries, wikis, images, and news sources in general.

3 RESULTS AND DISCUSSION
3.1 Analysis of the Structure of Conceptual Models

The first procedure analysed the conceptual structures of the two data models, ET-EDGV 3.0 and
OpenStreetMap.One consequence of the fact that conceptual models have different structures is that the
hierarchy of categories (in a generic way, an EDGV_Superclass), classes (EDGV_Class), attributes
(EDGV_SubClass), and domain values (EDGV_SubSubClass) of ET-EDGV 3.0 do not directly match the
keys (OSMClass) and tags (key+tvalue) (OSMSubClass) of OpenStreetMap. The hierarchical structure of
ET-EDGV 3.0's categories, classes, attributes, and domain values did not match the keys and tags in
OpenStreetMap, leading to challenges in aligning the two models. These challenges included missing or
unclear definitions, translation inconsistencies, and concepts with the same meaning but different names.

Three graphic representations were produced to understand better the two models' semantic and
conceptual structures: a meta-model of ET-EDGV 3.0, a diagram of the OSM conceptual and semantic
model structure, and a diagram showing possible correspondences between the structural and semantic
elements of the two models. In addition, the graphical representations provided a better understanding of the
hierarchical order and relationships between elements at each level.

The first graph, represented in Figure 2, depicts the meta-model of ET-EDGV 3.0, showcasing its
conceptual and semantic structure. The Brazilian reference model is classified into small (MapTopoPE) and
large (MapTopoGE) scales at the first taxonomic level. The second level comprises categories of information
categorised by sets of classes or groups of features. The third taxonomic level includes the classes and
provides a semantic description and code.

The fourth level includes attributes with a semantic description, domain values, and multiplicity. The
attribute type includes the geometries representing the features, features without geometry, alphanumeric,
boolean, real, integer, auxiliary, and domain list values. Additionally, semantic descriptions aid in
understanding the meaning of domain lists. The geometry types could becomplex geometry, point, line or
polygon. A class with complex-type geometry is one whose geometry may consist of more than one
geometric primitive. This may occur in object classes where at least one instance has more than one
geometric primitive or instances are represented by aggregating instances of classes of objects with different
geometric primitives CONCAR (2018). This concept is similar tothe OGC geometry collection OPENGIS®
(2011).
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Figure 2 — The conceptual and semantic meta-model of ET-EDGV 3.0.
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Figure 3 shows the second graphical representation, the OpenStreetMap conceptual and semantic
model structure diagram. At the first taxonomic level, language is classified since OSM is a global platform,
and its wiki provides translations of semantic descriptions in various languages. However, keys and values
remain in their original language, English. The second level categorises the key element, while the third level
categorises the value element. The key has a general classification function, similar to the category in the
Brazilian model. The combination of a key and a value has a classification function like the classes in ET-
EDGYV. In addition, its semantic description and "useful combination" are included for each key. The key
description provides an overview of the tags composing it, while "useful combinations" provide hints of keys
to be used with the main key + value pairs. The fourth level refers to the term element, which indicates the
possible geometry types for the feature described by the tag, including node, way, closed way and relation.
The conceptual structure of OSM also includes auxiliary elements, such as the example of symbology and a
ground view, to aid in understanding the model's semantic descriptions.

Figure 3 — Diagram of the OpenStreetMap conceptual and semantic model.
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Figure 4 shows the third graphic representation resulting from the study of conceptual models'
structure and presents the possible correspondences between the structural and semantic elements of ET-
EDGYV 3.0 and OSM conceptual models. For semantic elements, it is possible to observe that an OSM key
(OSM_Class) can correspond to a category (in a generic way, EDGV_SuperClass) or attribute
(EDGV_SubClass) in ET-EDGV 3.0. Likewise, a key+value (OSM_SubClass) can match an attribute
(EDGV_SubClass), a domain value (EDGV_SubSubClass), or a class (EDGV_Class). Likewise, useful
combinations (OSM_SubClass) can match an attribute (EDGV_SubClass) or domain value
(EDGV_SubSubClass). Concerning geometry, the area element (closed way) corresponds to the polygon
element in ET-EDGV 3.0. The way element (open way) corresponds to the line element. The node element
corresponds to the point element. The relation elementmatches the complex geometry and the area element in
ET-EDGV 3.0.

Figure 4 — Correspondence between the conceptual elements of ET-EDGV 3.0 and OpenStreetMap.
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Source: The authors (2024).

Studying conceptual models and their synthesis through the representations above allowed us to
understand their semantic and conceptual structures and their differences and similarities in the semantic
alignment process systematisation.

3.2 Semantic Alignment

The semantic alignment was made from the OSM to ET-EDGV 3.0, first treating the keys and then
each of the key+value pairs. Only the standard key values presented on the OSMwiki were processed in the
alignment. The 5-step method for performing semantic alignment from OSM to ET-EDGV 3.0 includes the
five next criteria:

a) manual assessment of semantic similarity to compare the concepts and features to determine

whether they are equal, synonyms or similar;

b) examine the words, synonyms, or similar descriptions referring to the terms in the conceptual

models if the first selection requirements are not met;

c) textual analysis of the definitions of the concepts in both sources if the first and second selection
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criteria are not met or partially met;
d) consultation of other sources, including images, until similar or equivalent meaning;
e) search by the corresponding category, class, attribute, or domain value in ET-EDGV 3.0.

Additionally, if an ET-EDGV element does not match the analysed key but could have a
corresponding key in OSM, other keys are searched to find a match.

Some classes were aligned directly through the semantic descriptions of the model, such as the class
Arvore_Isolada (isolated tree) of ET-EDGV 3.0 and the key "natural = tree". However, in some cases, such
as bicycle parking (OSM tag "amenity = bicycle_parking"), the alignment required more in-depth analysis,
as this feature does not yet exist in ET-EDGV 3.0. It was necessary to look for other sources, such as the
Curitiba city hall website, which has definitions of the elements of thecycling structure of the city, the OSM
wiki, which providesthesemantic descriptions of tags and images on the internet toestablish the meaning of
the feature. In this case, we aligned the tag amenity = bicycle parking (OSMSubClass) with the domain
value “Others” (EDGV_SubSubClass) of the attribute “Purpose of Use” (EDGV_SubClass) in the class
“Parking” (EDGV_Class) of the “Transport System” category (EDGV_Superclass) of the Brazilian data
model. In addition, during the alignment, terminological issues emerged regarding certain terms, such as
"estrada" (motorway) and "rodovia" (road), which are used synonymously in Brazil. Although the ET-EDGV
3.0 descriptions are different for "road" and "highway" they are not enlightening regarding the difference
between the two terms. After analyzing the descriptions of the corresponding tags in OSM, the situation was
the same. Therefore, technical documents from the National Department ofLand Infrastructure (DNIT),
National Department of Roads and Highways (DNER) and the Brazilian Traffic Code (CTB) were consulted.
The Brazilian Traffic Code (CTB) differentiates “road” as “unpaved rural road” and “highway” as “paved
rural road”. The DNIT Glossary of Road Technical Terms (IPR-700) provides definitions for these terms that
contradict each other. Thus, "road" and "highway" are two technical terms used as synonyms by domain
experts, demonstrating that further work, especially in semantics and ontologies, is needed to clarify certain
concepts. Among these definitions, the fact that the IPR also included words in other languages was of great
value in the semantic alignment of these two terms. However, this type of description is ambiguous, a
situation that generates problems in semantic alignment, as was found in the tests carried out.

The application of semantic alignment produced three results. This documentation has been made
available in the GitHub repository (Github, 2023) and in the Federal University of Parana (UFPR) Scientific
Database (BDC) (UFPR, 2023), with an associated Digital Object Identifier (DOI) to facilitate consultation,
sharing and citation.

3.2.1 SEMANTIC ALIGNMENT OUTPUT TABLE

We produced semantically aligned output tables as the primary result, which comprises 4810 concept
alignments organised into 18 tables for each category in ET-EDGV (including Green Areas, Urban Mobility,
Buildings, Transport, Vegetation, Sanitation, Topography, Hydrography, Localities, Borders, Economic
Structure, Energy, and Communications). The tables are available through the link
(http://dx.doi.org/10.5380/bdc/53) and present alignment in Portuguese by dividing the ET-EDGV
subdivisions (MapTopGE and MapTopPE) and for each category of ET-EDGV with the primary associated
OSM key. We also calculated and analysed the percentage of classes of each ET-EDGV 3.0 aligned with the
corresponding OpenStreetMap keys, enabling the identification of categories with the most significant
potential for integration between the databases. These tables are structured according to the ET-EDGV 3.0
hierarchy, providing ET-EDGYV classes, attributes and domain values, and the OSM model's corresponding
tags (keys+values) with respective semantic descriptions. Chart 1 is an example of one of these tables,

translated to English.

Due to differences in the structure of each conceptual model, not all elements match. For example, in
some cases, only the class or attribute is aligned, or one or more domain values are aligned. Hence, if the
table field is not filled, no corresponding OSM key or value will be found for that element in ET-EDGV 3.0.
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Chart 1 — ET-EDGV 3.0 - Transport/Roadway System Category OSM — Key Highway

The key highway=* is used to identify any type of road, street, or path. The value of the key helps indicate the importance of the highway within the road network as a Whole

(to be continued).

ET-EDGYV 3.0 OpenSTreetMap (OSM)
EDGYV class Class description Attribute Attr{bu.te Valufa Value Domain Description Key Value Tag (Key+Value) Description
description Domain

Via is the land The key highway="* is the main key used for

transit route, identifying any kind of road, street or path. The
Via intended for motor value of the key helps indicate the importance
G= complex vehicles, except the highway * of the highway within the road network as a
geommetry carriage way and whole.

those belon-ging to

the Railway System.

1) Motorway | Fast traffic lane, with all highway=motorway: A restricted access major
access controlled, without divided highway, normally with 2 or more
level crossing and intended running lanes plus emergency hard shoulder.
exclusively for motor Equivalent to the Freeway, Autobahn, etc..
vehicles, with solid surface hishwa motorwa
(asphalt, concrete or paving), tghway way
with a minimum of four
lanes, with physical separa-
tion between traffic lanes,
representable scaled or not.

Via is the land 2)Public Any public space for highway=unclassified: The least important
transit route, place circulation of people, through roads in a country's system — i.e. minor
Via intended for motor Indicates the vehicles and goods, such as roads of a lower classification than tertiary, but
G= complex vehicles, except the typeOfVia type of travel avenues, streets, squares, which serve a purpose other than access to
geommetry carriage way and route. gardens, parks, etc., highway unclassified properties. (Often link villages and hamlets.)
those belonging to recognized by the The word 'unclassified' is a historical artefact of
the Railway System. administration of a the UK road system and does not mean that the
municipality or by the local classification is unknown; you can use
community, associated with highway=road for that.
a name that is generally highway=residential: Roads which serve as an
known. highway | residential access to housing, without function of connec-
ting settlements. Often lined with housing.
highway=living_street: For living streets,
which are residential streets where pedestrians
highway living_street have legal priority over cars, speeds are kept

very low and where children are allowed to play
on the street.

Source: The authors (2024).
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Chart 1 — ET-EDGV 3.0 - Transport/Roadway System Category OSM — Key Highway

The key highway=* is used to identify any type of road, street, or path. The value of the key helps indicate the importance of the highway within the road network as a whole (conclusion).

ET-EDGV 3.0 OpenStreetMap (OSM)
EDGYV class Class description Attribute Attr{bu.te Valu? Value Domain Description Key Value Tag (Key+Value) Description
description Domain
highway=service: For access roads to, or
within an industrial estate, camp site, business
highway service park, car park, alleys, etc. Can be used in
conjunction with service=* to indicate the type
of usage and with access=* to indicate who can
use it and in what circumstances.
highway=pedestrian: For roads used
.. mainly/exclusively for pedestrians in shoppin,
Via s the land highway pedestrian and sg]me resident}i’al argas which may allgsv ¢
. '_[rans1t route, . access by motorised vehicles only for very
Via intended for motor . Indicates the limited periods of the day.
G= complex vehl_cles, except the typeOfVia type of travel 3)Highway Road intended mainly for highway=trunk: The most important roads in a
geommelry cl?rrla%e lw ay.and route. the traffic of vehicles highway trunk country's system that aren't motorways. (Need
thgsliaifv:ag/glsl;gs tt:m equipped with tires, which not necessarily be a divided highway.)

’ crosses a territorial highway=primary: The next most important
extension, connecting two or | highway primary roads in a country's system. (Often link larger
more locations. towns.)

. highway=secondary: The next most important
highway secondary roads in a country's system. (Often link towns.)
highway=tertiary: The next most important
highway | tertiary roads in a country's system. (Often link smaller
towns and villages).
()
Indicates the 1) Asphalt su.rface=asphalt: Short for asphalt concrete -
type of structure mineral aggregate bound by asphalt. MosF sqch
built after Pavement built with asphalt, features are tagged as paved without specifying
carthworks that i.s material of variable exact surface.
through layers consistency, dark brown or
typeOf of various black, and in which the
Paving materials with predominant.constituent is ‘ surface asphalt
different bitumen, which may occur in
. nature in deposits or be
resistance a'nd obtained by refining
deformability Petroleum
characteristics. '
()

Source: The authors (2024).
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Out of the 19 categories of ET-EDGV 3.0, 69 OSM keys were aligned, except for the Reference
Points category. Table 1 shows the total ET-EDGV 3.0 classes aligned in each category. Categories such as
Limits and Localities, Vegetation, Relief, Hydrography, and Transport/Waterway System had low alignment
percentages, as they require specific technical knowledge or are dependent on legislation. However, the
categories with a high percentage of alignment, such as Urban Mobility Structures, Buildings, and Green
Areas, are composed of artificial features, mainly in urban areas. These results suggestthat categorisation
requires less abstract reasoning when the characteristics of the real world are easily recognised (TVERSKY
and HEMENWAY, 1984). Furthermore, taxonomic classification mechanisms were observed in bothsources'
knowledge structures, initially analysing the parts and attributes of each category and then grouping them
according to similarity. It was also observed that knowledge structures are made through the taxonomic
classification mechanism in the conceptual models of both sources. This information organisation
demonstrates that the sets of categories were initially analysed through their parts and other attributes and
subsequently grouped by types according to their similarity (TVERSKY and HEMENWAY, 1984).

Table 1 — Total ET-EDGYV 3.0 classes aligned in each category.

Topographic Mapping on Large Scales

Category ET-EDGYV 3.0 Total Classes Aligned # OSM Keys
Green Area 3 of 4 (75%) 2
Large Scale Topographic Mapping Base Classes 13 0f'29 (45%) 22
Culture and Leisure 5 of 9 (56%) 10
Buildings 28 of 35 (80%) 28
Urban Mobility Structure 8 0f 9 (89%) 11
Topographic Mapping on Small Scales
Energy and Communications 11 of 16 (69%) 4
Economic Structure 2 of 3 (67%) 3
Hydrography 8 0f 20 (40%) 3
Boundaries and Localities 4 of 25 (16%) 3
Relief 7 of 18 (39%) 1
Basic Sanitation 2 of 4 (50%) 3
Transportation System 10 of 16 (63%) 25
Transport/Airport System 2 of 2 (100%) 1
Transport System/ Pipelines 2 of 2 (100%) 2
Transport/Rail System 5 of 5 (100%) 15
Transport System/ Waterway 2 of 7 (29%) 2
Transport/Road System 2 of 3 (67%) 5
Vegetation 7 of 13 (54%) 2

Source: The authors (2024).

3.2.2 CORRESPONDENCE ANALYSIS

The second result of the alignment between the ontologies (http://dx.doi.org/10.5380/bdc/52) is a
table that presents the possible semantic correspondence cases with their respective multiplicities and the
potential instances of geometric correspondence between the conceptual models. Table 2 shows, as an
example, an excerpt from this table translated into English. The results are divided by the ET-EDGV
subdivisions (MapTopGE and MapTopPE), represented in the first line of the table. The categories of
information, the EDGV_SuperClass, for example, Transport/Road System, are shown in the second line. The
semantic and geometric elements of the two conceptual models with possible cases of correspondence are the
headers in the third and fourth lines. The feature geometries described in the ET-EDGV column "G" can be
A=area; P=point; L=line; C=complex geometry; G=generic; and conv=conventional. In the case of OSM, the
geometries in column "G" can be: a=area (closed path); c=line (way); n=point (node) and; r=relation.


http://dx.doi.org/10.5380/bdc/52

Rev. Bras. Cartogr, vol. 76, 2024 DOI: http://dx.doi.org/10.14393/rbecv76n0a-72070

Table 2 — Excerpt of the table of the semantic correspondence classification.
1. Topographic Mapping In Small Scales
1.13 Transport / Road System

ET-EDGYV 3.0 OSM Correspondence
o ‘? 2
s k2 &
Class Attribute Domain value G Key Value G g .E' %
) = S
%) = o
Via - - G highway * n,c 1 m:1 6
typeOfVia 1) Motorway G highway motorway c 3 m:1 6
2) Public place G highway unclassified c 3 m:1 6
2) Public place G highway residential c 3 m:1 6
2) Public place G highway living_street c 3 m:1 6
2) Public place G highway service a,c 3 m:1 6
2) Public place G highway pedestrian a,c 3 m:1 6
3) Highway G highway trunk c 3 m:1 6
3) Highway G highway primary c 3 m:1 6
3) Highway G highway secondary c 3 m:1 6
3) Highway G highway tertiary c 3 m:1 6
4) Link between lanes G highway motorway _link c 3 m:1 6
4) Link between lanes G highway trunk link c 3 m:1 6
4) Link between lanes G highway primary link c 3 m:1 6
4) Link between lanes G highway secondary link c 3 m:1 6
4) Link between lanes G highway tertiary link c 3 m:1 6
5) Junction stretch G highway motorway link c 3 m:1 6
5) Junction stretch G highway trunk link c 3 m:1 6
5) Junction stretch G highway primary link c 3 m:1 6
5) Junction stretch G highway secondary link c 3 m:1 6
5) Junction stretch G highway tertiary link c 3 m:1 6
6) Others G highway track c 3 1:1 6
6) Others G highway bus guideway c 3 1:1 6
6) Others G highway road c 3 1:1 6
6) Others G highway footway c 3 m:1 6
coating - G surface * a,c 2 m:1 6
coating 1) Uncoated G surface unpaved a,c 3 I:m 6
coating 1) Uncoated G surface dirt a,c 3 1:m 6
coating 1) Uncoated G surface ground a,c 3 1:m 6
(..)

Source:The authors (2024).

The last three columns of the table show the classification of possible matching cases, either in
geometric or semantic terms, as well as their multiplicity. Additionally, the classes are described in Chart 2.
Thus, this analysis allows an overview of the alignment concerning the aspects mentioned. Furthermore, this
chart shows the general rules obtained in this research to apply semantic alignment to any other sources,
schemas, or models.

Chart 2 — Classification of possible matching cases.

1= class/key+value

Semantic Matching 2= attribute/key+value
Cases 3= domain/key+value

4= attribute/domain which is in the OSM and is not in the ET-EDGV

Multiplicityof 1:1= exact matches

Semantic Matching | m:1= one key+value is equivalent to more than one domain, attribute and/or class
Cases

1:m= more than one key+value is equivalent to a domain, attribute or class

5= same geometry

6= complex geometry (ET-EDGV) /relation (OSM)

Geometric
Types Matching 7= different geometry: more complex/detailed geometry in OSM
Cases

8= different geometries: more complex/detailed geometry at ET-EDGV

0= conventional class/no geometry
Source:The authors (2024).
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When dealing with geospatial databases, comparing geometry types is a crucial aspect to consider.
First, it is essential to note that OpenStreetMap (OSM) contains data with varying levels of detail, depending
on the available inputs and the contributor's interpretation. For example, "amenity=school" may be
associated with an area tagged "landuse=education" or with a node. On the other hand, the scales of the
reference mapping are consistent in their level of detail, meaning that all schools are points at one scale and
polygons at another. Thus, we may not always compare similar geometry types when integrating data. For
example, the school building mentioned in OSM may be integrated into the official base as a less complex
geometry, perhaps its centroid (point). These additional conversion and harmonisation procedures must be
considered when automating the integration process.

3.2.3 THEMATIC ACCURACY CASE STUDIES

In order to evaluate the semantic alignment results and demonstrate how the alignment performs
when applied to real-world data, we conducted case studies between two datasets in different areas. The first
case study area, in the urban area of Curitiba, state of Parana (PR), featured large-scale reference data from
the Institute for Research and Urban Planning of Curitiba (IPPUC), with production dates ranging from 1972
to 2000 and scales of 1:5.000, 1:2.000 and 1:1.000. The second case study area was carried out for a rural
and urban area in the municipality of Campos dos Goytacazes, State of Rio de Janeiro (RJ), using the
continuous dataset of the State of Rio de Janeiro produced in 2018 by the Brazilian Institute of Geography
and Statistics (IBGE) at a scale of 1:25.000.

The two reference databases had to be made compatible with ET-EDGYV 3.0 since Curitiba's database
uses its own conceptual model, and Campos dos Goytacazes' database is available with ET-EDGV 2.1.3 as a
model. However, this conversion was done without additional semantic discrepancies. The "highway" key
data, which corresponded to the via_deslocamento and trecho rodoviario classes in the Brazilian conceptual
model by the semantic alignment, were imported. The homologous features in the two datasets were first
identified by comparing the OSM vectors with the positional uncertainty of the corresponding lines in the
official mapping. The features from OSM were then compared with those in the official database to identify
those in both databases. This procedure separated our results into features that matched the official data and
those that did not. The matching records were then used to calculate the thematic accuracy.

The 15-metre buffer was applied according to an estimated accuracy for OSM data between 1:20.000
and 1:30.000 in Brazil. This procedure only included OSM features within this threshold compared to the
reference base data. For each OpenStreetMap segment, a spatial attribute union was applied to identify the
reference classification of that segment. The thematic accuracy of data imported from OSM was measured by
registering the number of correctly classified features according to the producers of the official mapping.
Finally, the calculated accuracy is the percentage of data imported via alignment with the correct
classification compared to the official one. The study case results were compiled into two graphs showing
the percentages of OSM features sorted correctly and incorrectly.

For Curitiba, the best matching percentages were obtained for the "highway=residential" tag
(98.79%) and the "highway=motorway" tag (83.97%). For the tag "highway=unclassified", the accuracy was
91.50%. However, OSM's semantic description for this tag is ambiguous, resulting in an unresolved match.
Concerning the misclassifications, which only agreed on the class but not on the subclass, the results were as
follows: "highway=trunk" tags (67.33%), "highway=primary" (96.36%), "highway=secondary" (97.76%)
and "highway=tertiary" (98.58%). There are several potential factors for the lack of 100% thematic accuracy
in these cases. Several factors may have led to the low percentage of correctly classified segments for
specific tags, such as "highway=unclassified", "highway=secondary", and "highway=tertiary". One of these
factors is the ambiguous semantic descriptions of these tags, which have been aligned multiple times with
different classes and domain values (multiplicity 1:m in Table 1). Another factor is that, in addition to
alignment, a context analysis may be required for a system to match automatically. For example, in the case
of Curitiba, several highways that have passed to municipal management are still perceived as roads, which
may have influenced the results. Additionally, misclassifications by the OSM contributors are also a
possibility. The procedures described previously calculated the thematic accuracy of the alignments for the
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category "highway". For Curitiba, large-scale data from the city hall obtained an overall accuracy of 69.2%
of the 49.808 corresponding segments identified in the two bases. However, this value varied significantly

for each class. Figure 5 shows Curitiba's semantic alignment evaluation test results.

Figure 5 — Alignment quality assessment study case for Curitiba (PR).

M Correctly classified class M Visclassified (others)
1 Correctly classified in class but No correspondence on the official
not in subclass database
0,05
J;u,oa 0,1
1,67
100% 1,13 | 2,06 1,82 1,10 1,27

80%
60%
40%

20%

osm Residential Unclassified  Trunk Primary | Secondary | Tertiary | Motorway
|ET-EDGV3.0 | Street Street | Road Road Road Road Road

Source: The authors (2024).

Figure 5 shows a small percentage of incorrect classification after the alignment. One hypothesis is
that there are original misclassifications by OSM contributors. It is worth noting that there are OSM features
without correspondence in the official database, such as internal streets of condominiums that are not part of
the official mapping or non-existent streets in the official database, either due to a lack of updating or
omissions in the mapping process.

Figure 6 shows the results of the second study case performed for Campos dos Goytacazes in Rio de
Janeiro State, including urban and rural areas.

Figure 6 — Alignment quality assessment study case for Campos dos Goytacazes (RJ).

M Correctly classified class M Misclassified (others)
¥ Correctly classified in class but No correspondence on the official
not in subclass database
0,14

1,73 166 1,82 0,44

100% —

1830 13,79

80%

60%

40%

20%

[0} Residential Unclassified  Trunk Primary | Secondary | Tertiary
ET-EDGV3.0 | Street Street | Road Road Road Road
* There was no route classified as a motorway to the study area in the OSM.

Source: The authors (2024).
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The overall thematic accuracy calculated was 68.6%. The best percentage of segments correctly
classified by alignment was for "highway=trunk" tags (98.27%) and "highway=primary" (98.20%),
corresponding to road and highway segments, and for the "highway=residential" tag (76.20%),
corresponding to sections of residential streets. The improvement in the percentages of the first two tags'
classification compared to the Curitiba test rates is due to the area of Campos dos Goytacazes being more
extensive and including both urban and rural areas. The low percentage of correctly classified segments for
the other tags can be attributed to factors such as ambiguous semantic descriptions, the need for local context
analysis, and possible errors in the original data classification by the OSM contributors.

Regarding the study cases, a variation in categorisation occurs regarding the OSM tags' values
aligned with the corresponding domain values in ET-EDGV 3.0. In the case of values with the best
percentage in alignment, for example, residential, unclassified and motorway, it is analysed that these terms
are at the level of basic abstraction, demanding a type of intermediate reasoning between the abstract and the
concrete. The features (a street and a road) are easily differentiated at this level, reflecting the real world's
structure. On the other hand, in the case of the values that had the worst percentage in the alignment, for
example, trunk, primary, secondary and tertiary, it is observed that, although they are at the same hierarchical
level of the taxonomy of ET-EDGV 3.0, they involve a second hierarchisation in the OSM, that of the
highways themselves. In this case, the type of reasoning demanded in the mental categorisation of these
features is more concrete and characteristic of the lower level of abstraction, whose categorisation level
within the taxonomy is more specific. In this respect, it is important to consider what additional attributes
would be added to the highways to differentiate between primary, secondary and tertiary highways in mental
categorisation. This categorisation also has low suggestion validity because it generally shares many
attributes with highways or roads (TVERSKY and HEMENWAY, 1984).

In light of these concepts and analyses, it is possible to affirm that semantic alignment was more
effective for features whose abstraction level is basic, requiring a degree of intermediate reasoning between
concrete and abstract. Those categories allow the differentiation of features closer to what is seen in the real
world: a road segment different from a building or a green area. The semantic alignment in the
categorisations that went beyond this level of abstraction, whether more abstract or more concrete
(notwithstanding other factors such as the ambiguity of semantic descriptions), requires additional analysis of
the local context and aligned features.

3.2.4 GUIDELINES APPLYING THE METHOD IN OTHER CONTEXTS

The experience in creating and documenting the alignment and the quality analysis using real data
enables us to list some recommendations for subsequent similar applications. The recommendations for
integrating OpenStreetMap data into national mapping agencies or other geospatial data producers include:

a) identifying categories of the conceptual model with the most significant potential for integration,

considering the specificities of the region or context;

b) making the conceptual models compatible by identifying relationships between categories,

classes, attributes, and data geometry;

¢) ensuring semantic compatibility between the elements and data of the conceptual models through

comprehensive search and alignment, formalisation of ontologies, and generation of new tools;

d) it is also recommended that the material be maintained and made available collaboratively with

mapping stakeholders and that correspondence quality tests be performed to ensure accuracy and

promote adjustments;

e) in cases where the classifications are more detailed, we suggest analyzing the context of data use

for thedata integration;

f) in cases where there are possible errors in the original data classification by the OSM

contributorsis recommended a local context analysis.
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4 CONCLUSION

This article discusses the alignment of the conceptual models of OpenStreetMap (OSM) and the
Technical Specification for Structuring Vector Geospatial Data (ET-EDGV 3.0) to enable semantic and
logical interoperability between authoritative and collaborative mappings. The method's results offer
guidelines for integrating OSM data into other databases or vice versa, especially for national mapping
agencies in other countries. The research covers all taxonomic levels of conceptual models and highlights
categories of data with greater and lesser potential for integration. The alignment generated effectively
matched classes at the upper and basic abstraction levels, while the lower or subordinate taxonomic levels
required additional analysis of the local context and aligned features. The article concludes by suggesting
future research on scale issues in conceptual models, the semantic generalisation of concepts, linguistic
regionalisms in multiple languages, and legal and ethical issues regarding integrating official and
collaborative data.
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