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Abstract Semantic checking of railway infrastructure information support data is one of
the ways to improve the consistency of information system data and, as a result, increase
the safety of train traffic. Existing ontological developments have demonstrated the
applicability of description logic for modelling railway transport, but have not paid enough
attention to the data resources structure and the railway regulatory support. In this work, the
formalization of the tabular presentation of data and the rules of railway transport
regulations is carried out using the example of a connection track passport and temporary
speed restrictions using ontological means, data wrangling and extraction tools. Ontologies
of the various formats data resources and railway station infrastructure, tools for converting
and extracting data have been developed. The semantic checking of the compliance of
railway information system data with regulatory documents in terms of the connection track
passport is carried out on the basis of a multi-level concretization model and integration of
ontologies. The mechanisms for implementing the constituent ontologies and their
integration are demonstrated by an example. Further research includes ontological checking
of natural language normative documents of railway transport.

Keywords: ontology, OWL, semantic checking, data validation, ontology integration,
knowledge base, knowledge-based system, concept, information system

1. Introduction

We assume that an information system is a set of procedures for collecting, processing and
transmitting information [16]. Information support of railway infrastructure facilities (as
well as many other business facilities), as a rule, includes:

- siloed databases that represent the operational state and store the history of changes in
various components, for example, financial, accounting, contractual, architectural and
construction aspects of the activity;

- planning and reporting system, usually in MS Excel format;
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- project documentation, guidelines and normative materials in MS Word or Adobe
Pdf formats.

National and interstate railway transport information systems have different structures,
and there are also many inconsistent databases that provide regulatory, design and
operational information.

The Automated Unified Freight Transportation Management System of Ukraine
includes station, car, train, locomotive and freight models, which are presented as a set of
databases that include relevant regulatory, design and operational documentation.
According to the model, specialized automated workstations were implemented.

Directive 2008/57/EC of the European Parliament on the interoperability of the rail
system [37] has some railway transport subsystems: infrastructure, control-command and
signalling, energy, rolling stock, operation and traffic management, maintenance and
telematics applications for passenger and freight services.

Organization for Cooperation of Railways carried out an analysis of the technical
requirements and compatibility of the regulatory documentation of the following
subsystems: infrastructure, track and track facilities [38]; energy supply; signalling
centralization, blocking and communication; passenger cars; locomotives and multiple-unit
rolling stock.

In the UK [35] at the beginning of the development of the Rail Core Ontology, they
highlighted such railway subsystems as operations (timetable information, route setting &
signalling, customer information, environment monitoring, train control, fleet information),
planning (timetable planning, track improvement, track/route information), maintenance
(infrastructure condition, fleet condition, asset management, scheduling / track ownership),
change (infrastructure information, supplier data, design specification).

The emerging need for the integration of railway transport information systems provides
for the harmonization of information and increases its reliability.

In this paper, we solve a particular problem of developing a method and instrumental
ontological means for coordinating information about the railway station infrastructure. In
particular, there is no centralized management of the station model in the information
models of the Automated Unified Freight Transportation Management System of Ukraine.

The development of data unification and harmonization procedures is a promising area
of research. Automation of the data extraction process, their structuring and checking for
compliance with railway regulations is an urgent task.

2. Goals and objectives

The work aims at semantic checking and harmonization of data from various railway
transport information systems with the requirements of regulatory documentation based on
a multi-level concretization model and integration of ontologies.

We assume that the implementation of the ontological information system involves the
solution of several subtasks:

- harmonization of heterogeneous data of different formats and sources using the
principles of modularity and the formation of ontologies «from general to particular»;

- formation of multi-level ontologies from abstract to concrete, using several levels
of concretization;
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- development of tools for linking ontologies based on import, data wrangling and
extraction (data extraction, data wrangling);

- performing a consistency check of the developed model based on ontological
reasoning in Protégé.

A prototype of an ontology-based information system has been developed, using the
example of one of the tasks, namely the semantic control of the data of the connection track
passport for compliance with regulatory documentation.

3. Related Works

The concepts of "ontology" and "knowledge base" (KB) have several different definitions.
This work relies on a useful one given in [7]: “an ontology defines the common words and
concepts (meanings) used to describe and represent an area of knowledge, and so
standardizes the meanings. ... An ontology includes the following:

- classes (general things) in the many domains of interest;

- instances (particular things);

- relationships among those things;

- properties (and property values) of those things;

- functions of and processes involving those things;

- constraints on and rules involving those things”.

In [14] “a KB is the knowledge module of a KBS [knowledge-based system]. It contains
abstract and specific knowledge of a particular subject in a machine-readable format.”

Guarino [15] and Gomez-Pérez [14] highlight several differences between KB and
ontologies, such as the applicability of an ontology to a number of tasks and its reuse by a
number of knowledge-based systems, as well as the standardization of the
implementation language.

Ontologies are one of the representations of knowledge bases. However, knowledge
bases are mainly used as the basis of decision-making systems, and expert systems. In this
KBS, the ontology is not associated with decision-making systems but is intended to
harmonize the data of information systems and instructional documents, as well as to be an
interface for information systems, which will increase the reliability of information and
identify cases of non-compliance of the railway infrastructure with standards. As a result,
an increase in the train traffic safety level should be expected. The railway management
policy supports any effort in this direction.

One of the applications of ontologies is semantic checking. Checking can be performed
at the class level and the class instance level. Conceptually, the data is checked against the
instructions of the subject area or some developed model. Instrumentally, data validation is
carried out using rules or using OWL and Resource Description Framework Schema
(RDFS) constructs. Rules can be represented using Semantic Web rule Language (SWRL),
Notation 3 Logic (N3Logic), Prolog, etc. For example, RDFS has the rdfs:range construct
to limit the range of relationships, while OWL has cardinality limits for classes. One of the
ways to develop railway transport ontologies is their constructive-synthesizing
modelling [33, 34].
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3.1. Checking data compliance with regulations

The compliance of data and normative documents by ontological means is checked taking
into account the rules in the N3Logic and SWRL languages.

The construction projects are checked for compliance with the instructions [36] to
identify potentially dangerous places. US Occupational Safety and Health Administration
guidelines are represented in the form of SWRL rules. The ontology includes Construction
Product Model (walls, columns), Construction Process Model (materials and work), and the
Construction Safety Model (work and hazards).

In the ontology [27], the construction models were harmonized with the Belgian
instruction NBN S 01-400-1. In particular, the EN 12354-3:2000 acoustic comfort
calculation formulas are formalized as N3Logic rules for linking construction project
instances with, for example, the EN12354:directSoundPowerRatio 4000Hz property.

3.2. Checking data for compliance with models

One of the types of semantic control is checking the data compliance with some ontological
model using rules and/or restrictions.

Good examples are modern studies that use rules to check compliance of data and
ontological model of data structures [5], performance calculation [2], and XML
documents [1].

Formalization of the concepts «set», «list», etc. is implemented in The Collections
Ontology [5]. According to their model, a list is an ordered collection of elements. The
absence of cycles is checked (the situation in Figure 1).

S
co:nextltem
__Alist item cannot be
: < rdf: v -hasError—-{=> :
rdf:type error-hasError— preceded by itself
itemOne

Figure 1. A fragment of an inconsistent ontology having a cyclic order of the list
elements

Data are validated according to the SWRL rule (relation co:precededBy is inverse of
co:nextltem ):

precededBy (?x, ?x) -> error:hasError(?x, "A list item
cannot be preceded by itself"*”" rdf:PlainlLiteral ),

where property error:hasError is imported from Error ontology by Silvio Peroni [28].
Error ontology is also used to determine the wrong order of steps in The Publishing
Workflow ontology [10].

In [1], a method for the ontological representation of XML documents was developed.
The model includes scientific articles and the indication of authors and reviewers. Data
matching is performed on the basis of SWRL rules: if the author and reviewer of the article
are represented by the same ontology instance, then it has the NoSelfReview type.
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With the help of KPIOnto rules [8], the formulas for calculating performance indicators
are harmonized [2]. The model formalizes the possibilities of representing formulas. The
rules exclude the presence of equivalent and contradictory formulas in the ontology.

By means of OWL and RDFS, the consistency of data and ontology schema can also be
checked using constraints. They are implemented by the properties owl:allValuesFrom,
owl:someValuesFrom, owl:maxCardinality, rdfs:domain and others.

Semantic control based on constraints for relations is presented in [5, 22, 28].

The constraints on the domain of the co:index relation in [5] check the data type of the
list elements indexes. This is necessary because the swrlb:add() built-in functions are used
in the model SWRL rules [5]. This restriction is based on the rdfs:range property and the
xsd:positivelnteger data type.

co:index Range: xsd:positivelnteger

By restriction, each literal associated with the co:index relation is of data type
positivelnteger . The ontology becomes inconsistent if the knowledge base contains triples
of the type «itemOne co: index 1.5» because the literal «1.5» does not belong to the set
of integers.

In [28] they check for the absence of instances associated with the error:hasError
relation. Such a constraint is implemented on the basis of the values domain that is not
associated with an error:hasError relation with any literal:

error:hasError Domain: error:hasError exactly 0
rdfs:Literal

According to the model [22], the concepts belong to some scheme and are connected by
semantic relations, such as skos:broader. To test for the absence of conceptual schemas
linking by the skos:broader relation, a constraint on the domain and range is used:

:semanticRelation Range: concept

Domain: Concept

The ontology becomes inconsistent if the knowledge base contains triples like
«schemel rdf:type skos:ConceptSheme» and «schemel skos:broader scheme2» because the
reasoner classifies the instance of schemel into the class skos:Concept, and the classes
skos:ConceptSheme and skos:Concept do not overlap.

Semantic checking based on constraints for classes is presented in [5, 6, 35].

In [5], the presence of only one first element of the list is checked (the situation in
Figure 2) and only positive ordinal numbers of elements.

<— rdf:type7? listOne

co-firstitem co-firtstitem
1 <J}—co:index %o:nextltem—b& co:index—=> 2
itemOne itemTwo

Figure 2. Fragment of inconsistent list ontology that includes two first elements

Data are validated using the following OWL restrictions.
co:List SubClass of co:firstItem max 1 owl:Thing
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co:ListItem SubClass of co:index exactly 1 rdfs:Literal

The train route can be considered as an instance of a list that contains restrictions on the
number of start and end nodes [35].

For the concepts of time, an OWL-Time ontology [6] is developed based on Allen's
temporal interval calculus. According to the OWL-Time model, the representation of
classes of dates and time intervals is formalized. Based on the class descriptions
«:DateTimeDescription» and «:DurationDescription» data format check is performed:

:DurationDescription SubClass Of :years only xsd:decimal

:DateTimeDescription SubClass Of :year only xsd:gYear,

where xsd:gYear is a data type representing the Gregorian calendar and has values
like «2001+02:00%.

3.3. Checking data for compliance with software models

Ontologies receive a lot of attention when describing software and data types. Software is
characterized by the type of input and output data. This affects the compatibility of the
software and its applicability to the processing of user data. Consistency checking is
performed by ontological means using universal class restrictions.

The OntoDT ontology [26] presents data types and operations on them. For example,
instances of a «table» class and «add record» operation can be associated with the «has
operation» relationship, and so on. The ontology also includes a taxonomy of data types
such that «tables» are a subclass of «heterogeneous aggregate datatype». The developed
classification allows one to perform SPARQL queries to a higher hierarchy class.

The software and data formats used for data analysis in the biological domain are
presented in The Software Ontology (SWO) [21]. For example, instances of the program
class Microsoft Excel have XLS format output. «XLS class spreadsheet» is a subclass of
«data format specification». It should be noted that the structure of the data type is
not modelled.

Ontology for software [24] has a high level of abstraction and is designed to describe
web services. Its competence question is also the compatibility of the input and output data
of the software.

OntoDT is part of the OntoDM ontology development project [26]. According to the
OntoDM model, algorithms are applied to data of a certain type. The applicability of an
algorithm to data can be described with universal class restrictions.

4. Abstract and Concrete Ontologies

In this work, ontologies of three levels are developed. The abstract level is represented by a
vocabulary. The first level concretization models are enriched with rules and data, the Tbox
of the ontology scheme is completed, and the dictionary classes are associated with
instances. In the second level concretization models, rules are associated with a data set.
The presence of the second level of concretization allows one to form several ontologies
(based on a single ontology of the first level) using different data.
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The abstract level of the ontology determines the conceptual apparatus of the
vocabulary of terms (concepts), as well as the concepts of relations. For example, concepts
are: railway station, track, signal, etc., while relations are: has gradient, connects station,
has algebraic difference (of gradients).

At the first level of concretization, abstract ontologies are enriched in two directions: in
one, instances of concepts are formed (for example, a specific station "Kyiv", a specific
track No. II of the station "Kyiv"), in the other — rules and restrictions are given (for
example, the gradient should be no more than 40 %.).

At the second level of concretization, abstract and first-level ontologies are connected.
The formed concepts have the completeness of properties and relations necessary for
semantic checking.

Since information from electronic sources of various formats (databases, spreadsheets
and text documents) is subject to harmonization, it is necessary to have a formalized and
uniform presentation of data from these sources. The abstract ontological resources model
developed by us was presented earlier in [32]. Two-level concretization is performed
similarly to the domain ontology described above. The model formed in this way is shown
in Figure 3.
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2 railway
= resources .
S infrastructure
S model
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g — — _——— —
3=
o
e
Q
5 < C "

oncrete

O 5 Concrete .

S railway
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Figure 3. Integration of railway and source models

The models are connected by inclusion to transform the data into an ontological
representation (between models 4 and 6).

Let us further consider the possibilities of software implementation of the developed
models and the links between them.
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5. Ontology development and integration tools

In our research the following software tools were used for the development of ontologies:

- OWL format and RDF format ontology editors Protégé and MRcube;

- data wrangling and data extraction tools OpenRefine and Tabula;

- PDF viewer Sumatra;

- spreadsheets MS Excel and database management system SQLite for the formation of
initial data;

Ontologies are processed by various software tools depending on complexity. MRcube
supports range constraints. Protégé supports OWL-DL inference.

In Protégé instance checking is executed, i.e., consistency of data and ontology schema

verification. The reasoning is done by Hermit using the OWL-DL profile.
The procedure of tools usage for generating models is summarized in Table 1-2.

Table 1.  Specification of resources ontological models
Tools/ Input information sources and
Model | development | Formed model realization P
formats
way
Abstract MReube/ - the model of tabular data
resources | oo RDFS/ OWL vocabulary representation [32]
model - SWO [21]
Sumatra/ Drawings of the station
pdf format resources
manual track plan
Specific | Excel/ xls format resources Railway track Profile
resources | manual/
1 i .
mode SQLite db format resources List of tracks
that manual
includes | Tabula, Sources in pdf, xIs, db format
data OpenRefine, | RDF data representing representing the infrastructure
Protégé/ railway infrastructure of the railway station and
automated Abstract resources model
Concrete The ontology that has data Procedures for original format
transformation procedures .
resources . table data transformation into
L (scripts) and table structure, . )
model Protégé/ . ontology instances; data
rules for recognizing the
that manual . resource parameters, Error
. data source, checking the
includes : ontology [28] and Abstract
consistency of the table
rules resources model
structure
Concrete L The ontology that is used to | Concrete data resources model
Protégé/ . .
resources perform semantic checking | and Concrete rules resources
manual
model of resource structure model

The process of development of the ontology is illustrated by the example that is given
below Figure 4. It shows how to use software tools, as well as importing (using the



Ontology-Based Semantic Checking of Data 299

owl:import mechanism and Protégé for
their development.

Let's look at the order with an example. Abstract resources model ontology is developed
in the MRcube ontology editor. The table showing the owners of the connection track in
Pdf format is extracted from the connection track drawing in the Tabula tool, i.e., converted
to csv format. Railway track list in db format, extracted table showing track owners in csv
format and profile in xIs format are transformed in OpenRefine to Concrete data resources

model (2) using Abstract resources model (1).

«Import ontology wizard») ontologies

Table 2.  Specification of railway infrastructure ontological models
Tools/ Formed model Input information sources
Model development .
realization and formats
way
The conceptual apparatus
Abstract railwa of the station elements
pbstrac Y Protégé/ under the technical
infrastructure Vocabulary OWL o
model manual exploitation rules of
ode railways (TER) and state
building norms (SBN)
g;;;ﬁféﬁiway Protégé/ Ontology that includes Second level concretization
model that manual & data representing the resources and bridging
includes data automated | railway infrastructure ontology
Concrete railwa Ontology that includes
. Y L formalized restrictions TER and SBN restrictions
infrastructure Protégé/ . he relati 1
model that manual imposed on the relations gnd Abstract railway
. of the Abstract model infrastructure model
includes rules vocabulary
Concrete railwa Ontology that is used for | Concrete data railway
infrastructure Y Protégé/ semantic checking of infrastructure model and
model manual source data representing | Concrete rules railway
ode railway infrastructure infrastructure model
. Ontology to map the Abstract resources model
. Protégé/ concepts of data )
Bridging ontology . and Abstract railway
manual resources and railway .
. infrastructure model
infrastructure
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Abstract resources
model ontolog j

MRcube

Concrete rules
resources model
ontology

ProtégeN\)

¥

Concrete
resources model Bridging ontology
ontology
Protége Protége
OpenReline Concrete data Concrete rules
railway railway

Abstract railway
infrastructure
model ontolog;

Concrete data
resources model
ontology.

Protégé

infrastructure infrastructure
model ontologZ model ontologz
Protége Protégé\)

] 5 .
- Concrete railway
DB Browser infrastructure
model ontology.

Protége

Figure 4. Ontology development workflow

All of the subsequent ontologies are developed in the Protégé ontology editor and
imported in the following order:

- Abstract resources model and Abstract railway infrastructure model are imported into
the Bridging ontology;

- Abstract resources model is imported into the Concrete data resources model and
Concrete resources model that includes rules;

- Concrete resources model that includes data and Concrete resources model that
includes rules are imported into the Concrete resources model;

- Concrete resources model and bridging ontology are imported into the Concrete
railway infrastructure model that includes data;

- Abstract railway infrastructure model is imported into the Concrete railway
infrastructure model that includes rules;

- Concrete railway infrastructure model that includes data and Concrete railway
infrastructure model that includes rules are imported into the Concrete railway
infrastructure model.

6. The procedure for the formation of the railway infrastructure
ontology on the example of the station track

Consider the information support of systems in terms of railway station connection tracks.
It includes the following tabular data and regulatory documents:

- railway track lists;

- a table showing the owners of the track;

- longitudinal profile of the track;

- Technical Exploitation Rules of railways at industrial enterprises;

- State Building Norms.

Consider the rules of regulatory documents.
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According to the TER, the connection track has the following definition. «Connection
tracks — tracks intended for transport service of one or several enterprises, organizations,
institutions, connected to the general railway network by a continuous rail track and
belonging to the railway or enterprise, organization, an institutiony.

The definition of the TER has been reformulated into a restriction on the existence of at
least one enterprise connected to the station by connection track.

According to SBN, the characteristics of the plan, profile and superstructure of the
railway track must satisfy its operating conditions. For the connection track, the algebraic
gradients difference should not exceed 13 ppm, and the rail type should be P65.

The initial data (Figure 5) are presented in different formats tables: the track profile is
calculated in Excel, the drawing is in AutoCAD [19] (the tabular part of the drawing is
converted to pdf format, and the graphic part is presented for illustrative purposes) and the
list of tracks is in the database.

A connection track passport includes a track plan and its longitudinal profile. The track
plan is an image of the location of railway tracks in space. A longitudinal profile is a
projection of a railway track onto a vertical plane. The profile consists of different length
gradients and horizontal platforms.
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Figure 6 shows an extension of the Figure 3 model considering different format data
resources. The numbering of ontologies in Figure 3 and Figure 6 is consistent. The
designations of several ontologies of the same type are supplemented with a letter
identifier, for example, «2a».

Table 3 summarizes the belonging of ontologies to the Figure 3 concretization levels.

Table 3. Concretization levels of the resources and railway infrastructure
ontologies modules
Level Ontology module
Resources ontology Railway infrastructure ontology

Abstract level | 1 Resources 5 Railway station

2a «Table header», 2b «Table
First structure», 3a «Table software | 6a «Track profile», 6b «Track rail
concretization | classification rulesy», 3b «Table type | type», 6¢ «Track owners», 7a
level classification rulesy, 3¢ | «TER», 7b «SBN»

«Validation rules»
Second 4a «Structure wrangling model», 4b | 8a «Track passport», 8b «Station
concretization | «Table validation model» Model»
level

tructure
wrangling
model

Figure 6. Ontological modelling of railway station infrastructure
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The model is formed in the following sequence:

1) abstract ontologies are formed (vocabulary models 1 and 5);
2) model 1 is imported in the (models 3a-3c) ontology:

- in ontology 3a, logical definitions like «if the table is made in Microsoft Excel, then
this is a table of the excelTable class» and descriptions of script classes with universal
constraints such as «the script has only a railway track profile table as input data» are
developed;

- in ontology 3b, logical definitions like «if the table is made in Excel and the table has
header <gradient, sod line height...>, then the table is of type «profileTable» are
developed, the procedures for transforming the table structure links are attached;

- in ontology 3c, restrictions are formed, in the form of a rule, for example, «if the
value individual is represented by the literal «error», then it has the Error ontology
property [28]»;

3) model 1 is imported into the ontology (model 2a) and a description of the header, the
program for filling the table and the script for its processing are formed;

4) models 2a and 3a, 3b are imported into the ontology (model 4a) and an instance is
checked for compliance with a specific table and transformation procedure, if
correspondence is established, then a script for converting the table structure can be
obtained upon request;

5) model 1, the script obtained in step 4, and a table are imported into OpenRefine (profile
calculation in xIs format, list of tracks in db, track owners drawing table in csv. The latter
one is extracted from the pdf file by the Tabula tool) and the table transformation is
performed. Model 2b is formed;

6) models 4a, 2b and 3c are imported into the ontology (model 4b) and the validity of the
table data is checked;

7) ontological reasoning is performed, and in case of invalid data, user should correct table
errors and go to steps 4-6;

8) resources (model 1) and railway infrastructure (model 5) vocabularies are imported in
the bridging ontology to integrate the resources and railway infrastructure ontologies and
rules of the following type are formed: «if an instance of the table value is associated with
the trackNumber column identifier, then this instance has the railwayTrack type»;

9) steps 2-8 are performed for each type of table (for example, types such as a railway
station track list) separately;

10) ontology models 6a-6¢ are formed including the facts of specific tables: a table
indicating the owners of the track (model 6a), a list of tracks (model 6b), and a track profile
(model 6¢). For each table, a separate ontology is created, where model 4b and bridging
ontology are imported. Ontologies of resources and railway infrastructure are integrated;
11) the railway station ontology-vocabulary (model 5) is imported into the first
concretization level Concrete railway infrastructure model ontology (models 7a, 7b), where
rules and restrictions are formed according to SBN and TER (for example, a restriction on
the gradient of the connection track);

12) ontologies including railway track data (models 6a-6¢) and the TER ontology (model
7a) are imported into the second concretization level Concrete railway infrastructure model
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ontology (model 8a), tables are linked to each other, and the connection track is checked for
compliance with TER enterprise standards;
13) ontological reasoning is performed and one should correct table errors and repeat steps
10-12, in case of inconsistencies;
14) track passport ontology (model 8a), SBN ontology (model 7b), are imported into the
second concretization level Concrete railway infrastructure model ontology (model8b) to
check the track for compliance with Ukrzaliznytsia (UZ) standards (operator of the public
railway network). The enterprise and UZ station model databases are integrated.

Next, we will consider the implementation of each model separately.

7. Implementation of individual components of the ontological model

The prototype of the developed ontology for the semantic checking of the connection track
passport includes a knowledge base comprising 33 classes, 24 relations and 72 instances.
Instances are connected to one railway station connection track. The scale of the UZ
information system can be estimated on the basis of the following: the Ukrainian railways
consist of 6 divisions, each of which includes about 300 railway stations. Big railway
stations can include dozens of connection tracks.

Section 7.1 demonstrates the mechanisms for implementing source ontologies using the
example of Figure 5 tables, 7.2 - a railway infrastructure while section 7.2 concerns the
railway infrastructure.

7.1. Resources model implementation

Abstract resources model 1 ontology represents a unified scheme for describing various
formats tables and satisfies the definition of the [13] lightweight ontology in that it contains
concepts and simple relations connecting them. Each data format has its characteristics,
which are taken into account when specifying them.

Figure 7 shows the resources ontology vocabulary using the Graffoo notation [9].
«Yellow rectangles represent classes (solid border) and restrictions (dotted border), green
parallelograms represent datatypes, arrows starting out of a filled circle refer to object
property definitions, arrows starting out of an open circle refer to data property definitions,
while other arrows represent assertions between resources » [5].

The ontology reuses concepts from Information artifact ontology [3], Relational
Ontology [39], which is part of The Open Biological and Biomedical Ontology (OBO)
Foundry, and SWO [21]:

- rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>

- iao0: <http://purl.obolibrary.org/obo/iac.owl#>

- obo: <http://purl.obolibrary.org/obo/>

- swo: <http://www.ebi.ac.uk/swo/>

- table: <http://www.semanticweb.org/larisk0/ontologies/2022/2/table#>

The «Filling software» outline of Figure 7 highlights the concepts of software for filling
tables, the «Data wrangling scripts» outline is for scripts for converting resource data into
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ontology instances, the «Table components» outline is for components of a tabular
knowledge representation, the «Table types» outline is for types of resource data tables (for
example, track lists and profiles).

The conceptualization of the tabular representation of knowledge was developed in [32].
In the «Table components» outline of Figure 7, only concepts for representing the structure
of tables are given: the classes «table», «tuple», «identifier» (in the case of a table, this is
the name of a column) and «value». The hasPart relation associates a table with tuples. This
relationship is used because the table does not exist without tuples from an epistemological
point of view. The hasElement relation associates a tuple with values and identifiers, the
«namingy relation associates identifiers with values. The «before» relation is a special case
of an order relation, which is necessary because a tuple is an ordered set. It is instantiated
for each table and each pair of columns, for example, for a profile and a track list tables, the
relationship hierarchy is as follows (Figure 8).

5 Table types;

5 |

|

i[table:profileTabIe ltable:trackList] table:drawingTable i

1 i Fr=
obo:input of obo:input of obo:input of

Data wrangling scripts|
H Table components:

|

i

i —
table:proﬁleScn‘pt] ltable:LislScript table:ownersScript| i table:before

i

|

i

—
— et

rdfs:subClassOf rdfs:subClassOf T

rdfs:subClassOf
jao:directive information entity ] table:isRepresentedByLiteral

<4
\VJ R
iao:source code module rdfs:subCIassOfJ | table:hasElement
rdfs:subClassOf rdfs:literal
’7rdfs:subCIa5504> iao:informationContentEntity ] table:tuple! table:naming
A Y

Filling software;  rdfs:subClassOf

swo:software [«rdfs:subClassOf, swo:dataltem table:hasElement

table:hasPart (0. pefore

rdfs:subClassOf
table:identifier
rdfs:subClassOf -
rdfs:subClassOf swo:microsoftExcel : table:table ]. T

table:is_represented_by _literal
£
\/

table:autocad [ ¢———— obo:outputOf:
table:hasAttribute rdfs:literal

obo:outputOf
table:attribute

Figure 7. Lightweight Vocabulary Ontology of Data Resources

The general model [32] is specialized for Excel tables with the profileTable classes, as
well as the hasAttribute relation and the «attribute» class for linking values of different
tables. The relationship is instantiated as enterpriseAttribute and trackAttribute to associate
the track list with the track owner and track profile tables, respectively. Microsoft Excel
software class is reused from software ontology [21].

The «Filling software» outline of Figure 7 shows Table 1-2 and Figure 4 software. They
are typical programs (Excel, AutoCAD, and some DBMS) used in the railway data
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processing. We use the relation OBO «output ofy» to link output data and software like
in [21].

The «Table types» outline of Figure 7 shows Figure 5 resources data tables (profile and
list of tracks, as well as a table indicating the owners). The «Data wrangling scripts» outline
in Figure 7 shows the scripts for converting data for each type of table of the «Table types»
outline (ownersScript, profileScript, listScript). Just as in OntoDM [25], the relation «input
of» is used to link the script program and the input data.

A Concrete resources model that includes data 2 is developed in the form of two
ontologies 2a and 2b. The Abstract resources model 1 ontology is imported into ontologies
2a and 2b.

Triples with the tool for filling the table and about its «header» are entered manually
into ontology 2a in Protégé. Ontology 2b is generated automatically in OpenRefine.

V- Bl profileBefore

pr:ﬁle beﬂi.:l.lini Enjm D E - [l beginning SodLineHeightBeforeEnding SodLineHeight
clement S;d h_m“ sod ]jJ;E eradient gradients - Il Ending SodLineHeightBeforeGradient

: length height height = difference | gradientBeforeGradientsDiﬁereq ce. . .

5 v 0 T o =l - M profileElementLength Before Beginning SodLineHeight

- - = : V- W frackListBefore

: 380 436 438 33 3.8 -l from SwitchBeforeThrought Switches

4 220 438 440 9.1 19 - = throughtSwitchesBeforeToSwitch

5 274 440 443 102 0.4 - to SwitchbeforeWhole

6 265 443 446 11.3 24 - trackNameBeforeFrom Switch

7 336 446 449 8.9 2.6 - trackNumberBeforeTrackName

8 316 449 451 6.3 0.9 - usefulBeforeRailType

- Il wholeBeforeUseful

Figure 8. Specification of the order relation for profile tables and list of
railway tracks

The table is transformed in two steps in OpenRefine. New «values n» columns (cell
identifiers) are added. They are created based on existing columns «gradient» and
«gradientsDifference». After that, the table is converted to RDF format using the model 1
vocabulary. Thus, the ontology automates ontology population for the table structure
instance checking in a Concrete resources model.

A Concrete resources model 3 that includes rules is developed in the form of three
ontologies 3a-3c. The ontology imports the Abstract resources model 1 ontology and Error
ontology [28].

Ontology 3a has logical definitions for classifying a table instance according to its
software (for example, the excelTable class in Figure 9), as well as the data wrangling
script class restrictions (for example, the profileScript class in Figure 9). And ontology 3b
has logical definitions for classifying a table instance according to header identifiers (for
example, the profileTable class in Figure 9).

The 3c ontology contains a rule by which a table is given the property of structural
errors based on instances of the table that were transformed in OpenRefine. The rule
(Figure 9) is made in SWRL.

The Concrete resources model 4 is developed in the form of two ontologies 4a, 4b.

In ontology 4a, the table represented by vocabulary is classified according to its header
and checked against a script to transform the table structure into instances of ontology 2b
according to script class restrictions. The Concrete data resources model (ontology 2a of
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Figure 6) and Concrete resources model that includes rules (ontologies 3 a and 3b of Figure
6) ontologies are imported into the ontology.

For example, the reasoner infers the triple «tablel rdf:type trackList». The tablel
instance is associated with the listScript script instance, so the constraint for the script class
of Figure 9 is met. The ontology is consistent.

Semantic checking of the table is performed in ontology 4b using the imported Error
ontology [28] property «has error» as in [5]. Concrete data resources model (ontology 2b of
Figure 6), Concrete rules resources model (ontology 3c of Figure 6) and Concrete resources
model (ontology 4a of Figure 6) ontologies are imported into the ontology.

Let's consider a test instance to demonstrate the processing of a table which structure is
not consistent with the model. OpenRefine filters cells that contain a null value and fills
them with an «error» value. When such instances are imported into Protégé, the ontology
becomes inconsistent because the Error ontology property [28] has zero domain.

] SWRL |
I
isRepresentedByLiteral(?z, "error") -> i
'has error'(?z, "concept has error value or identifier") :
I
I

tuple and (hasElement some gradientsDifferenceldentifier)
and (hasElement some profileElementLengthldentifier)
and (hasElement some beginningSodLineHeightldentifier)
and (hasElement some endingSodLine HeightGradientldentifier)
_and (hasElement some gradientsDifferenceldentifier)

owl:equivalentClass

table and rofleHeader excelTable and
;. (outputOf some excel) P ; (hasPart some profileHeader)

owl:equivalentClass inverse (inputOf) only ProfileTable @ owl:equivalentClass

ExcelTable rdfs:subClassOf profileTable
profileScript

Figure 9. Examples of designs from a specific source model sources that includes
rules 3

Figure 10 illustrates the ontology of a Concrete resources model 2 in terms of the first
two columns of the track list.

The ontology includes relationships and instances, either added manually or generated
in OpenRefine. For example, the triple «tuple0 hasElement identifierl» is added manually,
and the triple «tuple 1 hasElement valuel» is generated by OpenRefine.
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7.2. Integration of resources model and railway infrastructure model

Ontology schemas are mapped to integrate resources and railway infrastructure ontologies
(Figure 11). The Concrete resources model that includes data and Concrete resources model
that includes rules ontologies (ontologies 5 and 1 of Figure 6) are imported into the
bridging ontology.

In Figure 11 construction f) doesn’t correspond to Graffoo [9] notation and is developed
according to recommendations for Findable, Accessible, Interoperable and Reusable linked
data [11].

Classes are linked by owl:equivalentClass relations (Figure 11 construction d)) and
logical definitions (Figure 11 construction ¢)).

concept has microsoftExcel ! listScript

error value rdfitype
or identifier obo:output of\A/obo:input of

rdf:type 7 rdf:type

A table1
swo:microsoftExcel listScript
hasPart m hasPart
value identifier
error:hasError rdfitype rdfitype
tuple1* tuple0

rdf:type rdf:type rdf:type rdf:type

hasElement hasElement

identifier1 identifier2
hasElement
isRepresentedByLiteral isRepresentedByLiteral

y y

error connection

isRepresentedByLiteral isRepresentedByLiteral

y y

Track number Track Name

trackNumberBeforeTrackName

trackNumberBeforeTrackName

Figure 10. Concrete resources model that includes data 2 in the part of the first two
columns of the track list

Relationships are connected by relations owl:equivalentProperty (Figure 11
construction f)) and relations compositions (Figure 11 constructions b)-c)).

The classes and relations of the resources and railway infrastructure ontologies are
linked so that the reasoner re-classifies instances of the Concrete resources model ontology
(4) as instances of the Abstract railway infrastructure model ontology (5).

Mapping performs the following tasks:

- reclassification of the railway infrastructure ontology valueClass instances depending
on the table column. This is done by linking the table identifiers and values (Figure 7) using
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the «namingy relation of the resources ontology and is demonstrated in the railwayTrack
class of constructs e) in Figure 11;

- linking the reclassified instances with railway infrastructure ontology relations. This is
done using the «before» order relation linking the tuple values individuals (Figure 8) when
linking value instances belonging to the same table and is demonstrated in the hasRailType
relation of Figure 11 construction c).

For instances belonging to different tables (infrastructure owner table and track profile),
the hasTrackAttribute and hasEnterpriseAttribute relationships are used (Figure 7). When
linking the list of tracks and the table with the indication of the owners, the track instance is
associated with an instance of the enterpriseAttribute class by the relation
hasEnterpriseAttribute according to the composition of the relations (Figure 11 construction
a)). Therefore, it suffices to link them as the equivalent relationships of
hasEnterpriseAttribute and connectsEnterprise, as shown in Figure 11 construct f).

SubPropertyOf:
inverse (hasAssociatedTable) o hasEnterpriseAttribute
SubPropertyOf:
inverse (hasPart) o hasEnterpriseAttribute
SubPropertyOf:
trackNumberBeforeTrackName o inverse (hasElement) o hasEnterpriseAttribute

a) hasEnterpriseAttribute—| enterpriseAttribute

SubPropertyChain:
inverse (hasTrackAttribute) o hasPart o hasElement o gradientBeforeGradientsDifference o naming

b) trackAttribute hasGradientsDifference —| gradientsDifference

SubPropertyChain:
trackNumberBeforeTrackName o trackNameBeforeFromSwitch o fromSwitchBefore ThroughtSwitches
o throughtSwitchesBeforeToSwitch o toSwitchbeforeWhole o wholeBeforeUseful o usefulBeforeRailType

c) raitwayTrack hasRailType railType d) owI:equivaIentCIass enterpriseAttribute

i valueClass .
‘and (inverse (naming) some trackNumberldentifier) ¢—connectsEnterprise—»

A

owl:equivalentClass owl:equivalentProperty

.
o railwayTrack f) e—hasEnterpriseAttribute »

Figure 11. Examples of axioms for ontology integration

In the case of a profile table, the relation gradientBeforeGradientsDifference is used as a
pointer to the «Gradients difference» column, which is shown in Figure 11 construction b).
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7.3. Implementation of the railway infrastructure model

The Abstract railway infrastructure model 5 ontology-vocabulary is a unified scheme
for describing the railway infrastructure of various resources (for example, resources
describing the track profile, rail types and owners). Vocabulary includes -classes:
railwayTrack, railType, enterprise, gradientsDifference and properties: hasRailType,
connectsEnterprise, hasGradientsDifference.

The vocabulary also includes definitions of terms from the Traffic Management Rules
of Ukraine associated with classes by the property skos:definition.

The Concrete railway infrastructure model that includes rules 7 is developed in the
form of two ontologies 7a- 7b. The Abstract railway infrastructure model ontology (Figure
6 ontology 5) is imported into the ontology.

The framework of the modular ontology [31] was developed to integrate railway
customer enterprises and UZ databases. Two different regulatory documents packages have
been developed for UZ and enterprise railway stations. Therefore, the enterprise track and
the UZ track must comply with different restrictions of the TER for enterprises and SBN,
respectively. Integration of database ontologies is performed using the logical definitions

presented in Figure 13.

hasRailType

railwayTrack

connectsEnterprise  hasGradientsDifference

gradientsDifference]

Figure 12. The vocabulary of the railway station infrastructure in the part of the
connection track

connectionTrack
........................................................................... . and (hasRailType some P50RailType)
: railwayTrack and (hasGradientsDifference
- and connectsEnterprise some enterprise | : some connectionTrackGradientsDifference

1 i

owl:equivalentClass owl:equivalentClass

modelTrack

Figure 13. Examples of railway station infrastructure ontology rules

connectionTrack




Ontology-Based Semantic Checking of Data 311

In the ontology of model 7a, TER restrictions on the number of enterprises connected
by the connection track are formalized. In the ontology of model 7b, the formalization of
three types of SBN constraints is performed.

In Figure 13, the enterprise track is represented by the model 7a «connectionTrack»
class, the track added to the station model of the UZ information system is represented by
the model 7b «modelTrack» class.

The Concrete railway infrastructure model that includes data 6 is developed in the
form of three ontologies 6a-6¢ using the example of the connection track. Concrete
resources model ontologies (Figure 6 ontology 4b) and bridging ontology are imported into
the ontology. Resources and railway infrastructure ontologies are integrated.

In ontologies 6a-6b valueClass class instances are reclassified according to the axioms
of Figure 11 of type e), and in ontology 6¢ according to the axiom of type d). Reasoner
infers, for example, the triple «valuel rdfitype railwayTrack» in ontology 6b.

In the ontology of model 6b, a rail type instance of the database track list table is
associated with the connection track with the property hasRailType by the reasoner
according to Figure 11 rule c¢) of the bridging ontology. Reasoner infers triples like «valuel
hasGradientsDifference profileValue5.1» for each 1A track profile element.

The Concrete railway infrastructure model 8 is developed in the form of two
ontologies 8a, 8b.

Semantic checking of data about the track owners is performed in ontology 8a. Concrete
railway infrastructure model that includes data (ontologies 6a-6¢ of Figure 6) and Concrete
railway infrastructure model that includes rules ontologies (Figure 6 ontology 7a) are
imported into the ontology.

table instances are linked manually. The track list and track owner tables are associated
with the hasAssociatedTable relation, and the track list table railway track value and its
profile are associated with the hasTrackAttribute relationship. For example, such triples are
formed as «tablel hasEnterpriseAttribute attribute1» and «table3
hasTrackAttribute valuel».

CSV data about the track owners (extracted from pdf format) RostSelMash and
connection track are associated with the relation connectsEnterprise by the reasoner
according to the bridging ontology rules of Figure 11 a) and f). Reasoner infers the triple
«valuel connectsEnterprise attributel».

Gradients difference values of the xIs table for calculating the track profile and
connection track are associated with the relation hasGradientsDifference by the reasoner
according to the Figure 11 rule b) of the bridging ontology. Reasoner infers the triple
«valuel hasRailType value8».

The reasoner infers the triple «valuel rdfitype connectionTrack» according to the Figure
13 TER logical definition.

Gradients and rail types are checked in ontology 8b. Concrete railway infrastructure
model (Figure 6 ontology 8) and Concrete rules railway infrastructure model ontologies
(Figure 6 ontology 7b) are imported into the ontology.

The reasoner infers the triple «valuel rdf:type modelTrack» (Figure 14) according to the
Figure 13 SBN logical definition.
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The enterprise’s and UZ’s railway track databases are integrated.

7.4. Checking the structure and content of a tabular representation of
railway transport data

Data corruption arises from inconsistencies with the model [2], [5] or with the regulation
[27], [36]. The paper considers a model of tabular data presentation and railway transport
regulations, in particular, related to the construction of the connection track.

There are several approaches to automate data harmonization — by finding errors and
assigning additional properties corresponding to the case described by the domain
regulations [36]. There are several constructs in OWL for describing constraints, as well as
SWRL for rules. Separate ontology modules have been developed to describe errors [28].

Our ontological model (Figure 6) semantic and format checking of data is carried out in
a distributed way in models 4 and 8, the rest of the models are designed to prepare the data
under study.

The data is validated (in model 4) for compliance with the table structure using the
rdfs:domain constraints for the Error ontology module error:hasError property and SWRL
rules. So, for example, the test instance of the table containing empty cells, and the value
instances are assigned an error property. As soon as the OWL language is based on the
principle of an open world, checking restrictions on the minimum cardinality is a non-
trivial task, and in the work, it is solved by transforming the table in OpenRefine.

The railway infrastructure ontology (model 8) inconsistencies are searched using logical
definitions. Classes conforming to the documentation norms are designed as «defined
classes», which imposes normative documentation restrictions on instances and automates
their classification. This ensures the semantic consistency of many resources data presented
in different electronic formats.
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8. Discussion

We emphasize that the work presents only one example of using our prototype for a
connection track passport. Further integration is carried out with the Automated Unified
Freight Transportation Management System of the Ukraine train model and the railway
infrastructure defects data management subsystem.

The gradient of the railway track (Abstract railway infrastructure model ontology class
Figure 12) also affects the traction calculations performed when developing a train model
timetable. In [31] the railway train model is integrated with the station model by a logical
definition such as «a model train is a train that has a weight no greater than that calculated
for the train timetable and is located at the station model railway track». Traction
calculations are carried out in Excel. For them, checking the structure of resources is an
urgent task. The model track definition is shown in Figure 13.

Further, the railway train model can be integrated with wagon and freight ones and
speed restriction warnings because the speed value is affected not only by track defects but
also by the presence of corresponding wagons and freight in the train.

In the existing ontological developments, little to no attention is paid to the regulatory
and legal support of the railway transportation process. Also, restrictions on the
applicability of the software (OpenRefine script) for data depending on their type (table,
set) and format (xIs, csv) have been merged, which was previously only
partially implemented.

This section provides an example of using our approach to control data on railway
transport speed restriction warnings and compares the study with existing developments.

8.1. Application of the approach for the station model temporary speed
restrictions

During the processing of data about track defects and railway track maintenance, there is a
manual exchange of data, which can contribute to the occurrence of errors. Checking the
structure of speed limits resources and their compliance with regulations is an urgent task,
as it has a direct impact on train traffic safety.

The approach shown in Figure 6 remains unchanged, only the types of tables, railway
transport regulations and the cause of possible errors change. Data resources can be railway
switch and track lists of, a record book and a train driver handout form of speed restriction
warnings, as well as books of railway track and switch inspection by representatives of the
track facilities. Regulatory documents include traffic management rules, TER, guidelines
for the automated issuance of speed restrictions warnings, instructions for the current
maintenance of the railway track and safety instructions for performing railway track
maintenance.

The manual chain of data exchange includes the following steps:

- track workers identify a railway track defect, make a record in the book of railway
tracks inspection and request a speed restriction and a defect application to the track
facilities dispatcher by the telephone;



314 V. Shynkarenko, L. Zhuchyi, O. Ivanov

- the track facilities dispatcher makes a record in their warnings record book and
conveys data on the speed limit, location and type of defect to a representative of the traffic
control system;

- a representative of the traffic control department makes a record in their warning book,
prints out a speed restriction warning handout form, checks it against the book and gives it
to the driver.

The ontology allows one to check the compliance of defect values and speed restrictions
both in different data sources (for example, a railway track inspection book and a speed
restriction warnings record book) and according to regulatory documentation. The rules of
the instruction for the current maintenance of the railway track include speed restrictions
for infrastructure elements depending on their characteristics and defects and are formalized
in such OWL restrictions as in Figure 15.

bookSpeedCorrespondsToActualDefect only bigP65SwitchRampWearingOut

1

rdfs:subClassOf

60BookSpeed

Figure 15. The Concrete railway infrastructure model ontology rules in terms of
temporary speed restrictions

The switch list is also a part of the railway station drawing, and the value of the speed
limit depends on the degree ramp wearing out and the rail type. Figure 16 shows instances
of a Concrete railway infrastructure model in terms of temporary speed restrictions.

bookSpeed o kspeed rampWearingOut
CorrespondsTo hasDefectValue
ActualDefect
formSpeed isActualDefect
'\7:[38:0(: equals*® Corresponds Sse'::é:‘g:., ValueOfThe
ToActualDefect* Element
hasSpeed isActual . | O
Value SpeedLimitOf* hasRailType
60 formSpeed switch1 P65

Figure 16. The Concrete railway infrastructure model ontology instances in terms of
temporary speed restrictions for one railway switch

The asterisk highlights the relations derived by the reasoner according to the
compositions of the relations.
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8.2. Comparison of the Resources and Railway Infrastructure Models
ontologies with existing knowledge bases

Consider a comparison of the source ontology with existing developments.

In [21, 26,] general software and data types are presented. The Abstract resources model
ontology contains the specialization of tables and programs specific to railway software and
information support, in addition to the table structure classes.

It can be seen from Table 4 which contains a generalization of the representation
software tools by ontological means [21], [24-26] that the linking of the pairs «output data
format, software» and «input data type, the algorithm» have already been implemented,
which makes it possible to check the compatibility of the triple «format, data
type, softwarey.

Table 4. The representation of the software to data processing applicability
in existing ontologies

Ontology Software Data
OntoDT [26] Operation Data type
OntoDM [25] Algorithm Data type
SWO [21] Program Data format
An ontology for software [ 24] Plan Data

JSON Scripts are used in the OpenRefine environment to transform data of various
formats into RDF ontology instances. The script can only be applied to one type of table
data. Tables can be in formats such as db, xIs, and csv, having weak or strong structures,
such as invalid or missing data. Each script is a mapping of a certain set of columns
(specializations of a tabular data type, for example, a list of railway tracks) onto an
ontology schema.

Abstract resources model and Concrete rules resources model ontologies include scripts
for the Concrete resources model ontology population and the tables (profile and list of
paths, as well as tables with its owners), which are the source data for the script. Thus, it
becomes possible to use constraints to determine the applicability of the script to the table.
The script is needed to facilitate the manual entry of instances into the ontology.

The resource structure, considering of the data exchange manual chain and their weak
structure (Excel tables), is validated during the development of linked data portals [12] and
software for mapping tables onto an ontology schema [4]. In the first case, using SHACL
[18], in the second case, using a CSVW vocabulary [17]. All these tools are either
lightweight ontologies [17] or do not contain tools adapted to the railway transport
needs [5, 12, 29].

Consider the comparison of railway infrastructure model ontologies with existing
transport ontological developments.

As a rule, specialists of, for example, track facilities subsystems or systems for primary
processing of data collected by systems, for example, axle box heating control, as in the
ontology of RaCoOn [35], are engaged in the control of the conformity of the infrastructure
characteristics and the transportation process technology. Ontologies [20, 35] integrate data
from maps, train timetables, axle box heating sensors, and GPS. Technological processes
for the speed restrictions request are not modelled and are not associated with data on the
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failure of the railway infrastructure according to regulations. More attention is paid to the
development of railway network representation patterns.

Existing ontological developments have demonstrated the applicability of description
logic for railway transport modelling, but have not paid due attention to the structure of
data sources and the railway normative support.

9. Conclusion

The work was carried out to improve the data consistency of railway transport information
systems and, as a result, improve the safety of train traffic.

Ontology models of resources of various data formats, ontologies of railway
infrastructure and a method for linking them have been developed, which allows
performing data validation and semantic checking, as well as reasoning based on railway
regulations. As an example, we consider the harmonization of information support during
the connection track commissioning, inspections and maintenance.

The railway infrastructure ontology is used to check the data of the connection track
passport and speed restrictions warnings with the regulations. It includes classes and
relationships for modelling railway infrastructure elements, their characteristics and defects.
An auxiliary role is played by ontologies of data resources. They include classes for
modelling the resources data structure, software for extracting and transforming them, and
the corresponding concretization.

A method is proposed for automating the heterogencous documents describing station
tracks data extraction and wrangling. The knowledge contained in the data of the track
passport tables and their structure, as well as the applicability of multi-level concretization
to the problem of railway transport various formats data resources integration are used.

The developed model can be extended to other subsystems of railway transport, as well
as web pages and open data tables.
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