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Institutional Spatial Datasets
• National mapping agencies, regional or local authorities, universities, research institutes, …
• Produce and manage high-quality and high-resolution spatial data
• Spatial datasets may be stored and disseminated in various formats (Shapefile, GeoJSON, RDBMS,WFS, etc..)
• Spatial datasets may present heterogeneity with regards to the thematic areas that they cover,their production methods and purposes, schema definitions, quality and documentation level
The case of the University of the Aegean
• Departments and research labs produce spatial data independently for various purposes(research programs, student assignments, etc.)
• Spatial datasets located in various systems (RDBMS, SDIs, local computers)
• Lack of a common representation format and interface that could facilitate advanced dataquerying & integration
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Need for semantification
• Conversion of institutional spatial datasets to a common representation format,such as the RDF, and publish them as Linked Data
• Shared semantics that would provide capabilities for advanced querying,integration and reasoning among the institutional spatial data as well as with theentire Linked Open Data (LOD)
• The development of an “institutional” semantic Knowledge Base that would bepart of the LOD
• Few local organizations participate actively in the linked data domain, possiblybecause of the lack of resources and expertise in the domain and the absence ofeasy-to-use semantification tools
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Semantification Requirements
• The implementation of easy-to-use semantification tools that do not requiredeep expertise on linked data and knowledge of the schema of the datasets
• Support of semantic annotation recommendations based on existing semanticknowledge for guiding users and minimizing their involvement duringsemantification
• Handling of both geometric and thematic attributes
• Dynamic and incremental population of a knowledge base by the spatial datasetsat hand
• Maintenance of provenance metadata about converted RDF
• A process that can be easily adapted by institutions that want to integrate theirspatial data in LOD
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Design of the semantification process
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Dataset Parser
Input
1. Spatial Datasets (Shapefiles, GeoJSON, RDBMS tables, WFS)
2. Metadata (e.g., INSPIRE-compliant XML files, CSW Records)
An Interface Adaptor parses dataset and extracts:
1. Schema-level information (the list of column names and their types)
2. The actual data (geographic features with their attribute values)
3. Metadata from spatial dataset file (dataset name, creation date, dataset format, publisher,description, geometry column, geometry type, original CRS and dataset spatial extent)
4. If available, it also parses metadata files (e.g., INSPIRE-compliant XML files)
The above information is modeled in a Spatial Dataset Superclass.
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Dataset Analyzer
Primary Key column Detector

• Primary Key (PK) values will be used for assigning URIs to geographic features• Candidate PK are integer and string columns that contain distinct, not null values• String columns that contain large-length values are not candidate PK• The module selects the most appropriate primary key column by giving priority to the candidate string columns

Label columns Detector
• The label columns that will be annotated with the rdfs:label predicate• Candidate label columns are string columns that contain small-length values• Language detection for each candidate label column

Column Blocker
• Columns that will not be converted to RDF• Formed by the label columns (because they are already annotated), by columns that may refer to foreign keys andby user-defined/selected columns
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Semantic Annotator
Class and Predicate recommendations for semantic annotation based on the content of aKnowledge Base
Class Recommendation• The class that will be associated with the geographic features of the dataset• The recommendations are based on the textual (Levenshtein) and semantic (WordNet WuPalmer) similaritybetween the dataset name and classes in the KB• Users can select an alternative class that exists in the KB or create a new class• In case of a new class, users are opted to provide a label (rdfs:label) and a description (rdfs:comment)

Predicate Recommendation• The predicates that will be associated with the columns of the dataset• The recommendations are based on the textual (Levenshtein) and semantic (WordNet WuPalmer) similaritybetween the column name and predicates in the KB• Users can select an alternative predicate that exists in the KB or create a new predicate• In case of a new predicate, users are opted to provide a label (rdfs:label) and a description (rdfs:comment)
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Converter
Schema Triples• Definitions for new classes and predicates• The resource URI is formed by a Base URI, the term “ontology” and the resource name, e.g.:

Feature Triples• Description of geographic features (instances)• The instance URI is formed by the Base URI, the term “resource”, its class name and its PK value, e.g.:

• An instance is declared (rdf:type) to be member of the annotated class and of the GeoSPARQL Feature class• If label columns detected, the corresponding rdfs:labels are created• The rest columns values are associated with their annotated predicates• The geometric column is converted according to the GeoSPARQL vocabulary
• If the dataset CRS is not WGS84, the geometry is reprojected and also converted according to the GeoSPARQL vocabulary• If the geometry is point, also the respective W3CBasic Geo triples are created
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Converter
Metadata Triples• Contain the spatial dataset metadata (e.g., dataset name, creation date, publisher, CRS, spatial extent)• A spatial dataset is declared to be member of a SpatialDataset class• The Spatial Dataset URI is formed by the Base URI, the term “metadata” and a randomly generated ID

Association of features triples with dataset metadata
• Triple-level metadata for capturing knowledge such as who created a piece of information and when.• Each feature triple is associated with the dataset from which it originates, using the RDF* model:

• For each feature triple, a new RDF* triple is created that in the subject position appears the triple itself, enclosed in ‘« »’, in thepredicate position the ‘dc:source’ and in the object position the spatial dataset
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Example

“Ports” Shapefile
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Implementation
• The semantification API is implemented in Java
• The GeoTools and JTS libraries are used for spatial dataset parsing and geometric transformations
• Apache Jena framework is used for RDF modelling and for sending SPARQL queries to theknowledge base
• The Knowledge Base is selected to be a Fuseki instance
• On top of the semantification API, a web application (RDFConverter) was developed that acts likea semantification wizard
• For testing purposes more than 100 Shapefiles from various sources were converter and loadedto an initially empty KB
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Demonstration – The RDF Converter App
http://semantics.aegean.gr/RDFConverter
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Demonstration – UserSettings
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Demonstration – DatasetUpload
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Demonstration – DatasetAnalysis
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Demonstration – SemanticAnnotation
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Demonstration – Convertand UploadStep
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Knowledge Base Content
http://semantics.aegean.gr/ontology/Hospital

http://semantics.aegean.gr/resources/Prefecture_Lesvou
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Initial Assessment
• The design of the semi-automatic semantification wizard is intuitive and allows the completion ofthe process easily and in short time even by non-experts on semantic web
• The annotation recommendations help users, without strong familiarity with the knowledge basecontent, to quickly determine the suitable classes and properties
• The process guarantees the instant population of the knowledge base with well-formed RDF thatis ready to use
• We plan to conduct more detailed experiments in order to evaluate the overall performance ofthe semantification process and its ability to populate high-quality semantic content
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Further Improvement
• Design of more sophisticated rules for the dataset analysis step, e.g.:o improved primary and foreign key column detectiono block duplicate columnso identify columns with specific content (telephones, emails, etc)• Design of more sophisticated rules for the semantic annotation, e.g.:o instance-based methods for class and predicates annotationo integration of third-party semantic web search engine APIs (e.g., Linked Open Vocabularies, GeoLOD) forrecommending resources from external KBs• Design of a post processing process that will:o perform some cleaning (e.g., URI merging, substitution of literal with object properties)o establish sameAs links between local and external instanceso perform ontology alignment in order to detect equivalency or hierarchy relations between local and externalclasses and properties• Standardize the vocabulary for dataset metadata (e.g., RDF representation of INSPIRE metadata)• Adoption of the alternative RDF* annotation syntax• Selection of alternative spatial vocabularies for representing geometries (other than W3C BasicGeo and GeoSPARQL)
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