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High-speed railways are developing rapidly in the world and, in particular, in Europe, and are promising in the territory of
Ukraine. The purpose of the work is to check the consistency of the existing railway characteristics with the high-speed rail transport
regulations by ontological means. The ontology was developed in the Protégé and MRcube software environments in the OWL DL
profile using the Extreme methodology. Ontology population is automated in OpenRefine and INCEpTION based on texts and tables
semantic annotation. Data extraction is done in Tabula for tabular data resources and FineReader for drawings. The ontological
support was developed according to the model of multi-level concretization employing a distinction between data and rules modules.
The ontology of resources is based on a tabular knowledge representation model. The usability of the proposed approach is
experimentally evaluated on the example of the sections of the «Mariupol Port-Volnovakha» railway in Ukraine, «Plovdiv-Burgas» in
Bulgaria and «Coswig-ESig G» in Germany and the corresponding regulations. The ontology can be used for conventional railways
(e.g., 160 km/h), as well as further integration with the railway train model can be done. The ontology was evaluated by the domain
expert and using the OntOlogy Pitfall Scanner. The scientific novelty of the work lies in the integration of heterogeneous resources of
railway infrastructure characteristics by ontological means. The semantic annotation and formalization of railway regulations have
been employed. Railway transport data extraction and validation processes were improved. The practical significance of the work lies
in the possibility of improving the safety of train traffic by checking the suitability of railway tracks to ensure the declared speeds of
high-speed and conventional railways.
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BIKTOP IIIMHKAPEHKO, JIAPHUCA XYY

VKpaiHChKHI Jep)KaBHUH YHIBEPCUTET HAYKH 1 TEXHOJIOT I

OHTOJIOTTYHUI AHAJII3 IPUJATHOCTI 3AJI3SHUYHUX KOJIIN 115
3ABE3INEYEHHS BUCOKOIIBUIKOI'O PYXY MOI3/1IB

BUCOKOLUBUAKICHI 3a/3HULII PO3BUBAIOTLCS BUCOKUMU TEMIaMu y CBITI T8, 30Kpema, EBpOri 1@ € NEPCEKTUBHUMU HAE
TEPUTOPIT YKpaiHn, MeTa poboTu — NEPEBIPKA Y3rOMKEHOCTI XapakTEDUCTUK [CHYIOUMX 3allZHWYHUX KO/ (3 HOPMATUBHUM
3a6€e3r1e4eHHSIM BUCOKOLLIBUAKICHOIO 3a/13HUYHOMO TPAHCIIOPTY OHTO/IONYHMMYU 3acobamu. OHTOJIOrS po3pob/ieHa y rnporpamHnx
cepegosuiyax Protégé ta MRcube y npogini OWL DL 3 BUKOPUCTaHHAM MeTogosiorii Extreme. [Ti4roToBka ex3eMiiapiB OHToor
BUKOHAHa aBTOMAaTU30BaHUM YMHOM H3 OCHOBI CEMaHTUYHOIO aHOTYBaHHS TeKCTiB 1a Tab/mub y OpenRefine ta INCEpTION.
ButsiryBaHHs1 AaHnx BUKOHYETbCA B Tabula A5 TabrmyHnx Jkepen gamnx, | FineReader — 4715 kpecneHs. Po3pobKka OHTO/IOMNYHOMo
3abe3reyerHs1 BUKOHaHa 3rigHO 3 MOAE/TIO 6araTopiBHEBOI KOHKPETU3ALII 3 POIMEXYBAHHIM MOAY/IIB AaHNX Ta ripasusl. OHTO/IOMS
ZPKEPEST 3aCHOBAHa Ha MOAEsTi TabJINYHOIO NMPEACTaB/IEHHS 3HAaHb. EKCIIEpUMEHTAa/IbHO MIATBEDAKEHO MPUAATHICTL 3arPOrOHOBaHOo
niaxoqy Ha rpvknagi 4isSHoK 3anisHnlli «Mapiyrosb [MopT-BonHoBaxa» Ykpaity, «Plovdiv-Burgas» bosnrapii ta «Coswig-E£Sig G»
HiMeyynHu T1a BIAMOBIAHOrO HOPMATUBHOIO 336€3r1e4YEHHS. OHTOJIONS MOXE 6YyTU BUKOPUCTaHE | A/1S 3BUYaUHNX 3a/li3HILb
(Hanpuknag, 160 km/rog), | TaKox B 1104a/bLUIOMy [HTEMPOBAHa 3 IMOI3HOK MOAENIO. 3[IMCHEHO OLiHKY OHTOJIONT EKCrIepToM y
npegmeTHivi rasysi Ta 3acobamu OntOlogy Pitfall Scanner. HayxkoBa HOBU3Ha pobOTV IONIArae B IHTErpaLii pI3HODIAHNX JXKEDES orncy
3a/1IBHNYHOI  IH@PAaCTDYKTyp1 OHTOJIOMNYHUMU 3aCO06aMH. BUKOHAHO CeMaHTMYHe aHOTYBaHHS Ta (opmarizauis 3a/i3HN4Horo
HOPMaTUBHOIO 3ab€3r1e4eHHs. YA0CKOHA/IEHO MPOLIECH BUTSIYBAaHHS Ta MEPEBIPKU AaHNX HA 3alli3HNYHOMY TPaHCropTi. [pakmmyHa
3HAYNMICTb POBOTY 1O/ISIAE Y MOXIIMBOCTI ITIABULLEHHS BE3IEKU PyXY I10I341B LU/ISIXOM EPEBIPKU MPUAATHOCTI 3a/1i3HNYHUX KOSV
V151 3a0E3IMEYEHHST 3asB/IEHUX LIBUAKOCTEN BUCOKOLUBUAKICHUX Ta 3BUYANHNX 3a/13HILb.

KImto40Bi C/10Ba. KOHLENTYalbHE MOAE/IOBAHHS], 6334 3HaHb, OHTO/I0rS, OWL, BUCOKOLLBUAKICHM 3a/13HUYHUN TDAHCIIOPT,
3a/zHNLS

Introduction

High-speed railways are developing rapidly in the world and, in particular, in Europe. Among the changes
that have undergone information support of trans-European and national transport systems, one should highlight the
introduction of ontological support, which is used to integrate data and check their consistency. One example is the
Rail Core Ontology [1], which allows the integration of heterogeneous sources, such as train schedules and maps
within the UK railway. Using a different transport ontology, iCity, one performs data integration, such as vehicle
routes and incident reports [2].

In the authors’ previous works, an ontological approach was studied for formalizing and integrating data on
the permitted speeds of trains, taking into account the condition [3] and the characteristics of the tracks [4] belonging
to the lines from the first to the seventh category according to the State Building Norms (conventional railway) [5],
presented in heterogeneous data sources: regulations, infrastructure descriptions and related calculations. They are
presented in the formats of natural language texts and drawings.

Here, taking into account the trends in the development of high-speed railways, an experimental check is
made on the consistency of regulatory documents for high-speed transportation and data of information systems on
the example of sections of the «Mariupol Port-Volnovakhay railway of Ukraine (belongs to networks [6, 7]), «Plovdiv-
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Burgas» in Bulgaria and «Coswig-ESig G» (belongs to the Berlin-Dresden section) in Germany by ontological means.
We have taken into account both national and EU regulations.

Problem statement and purpose

We have developed an ontology for checking the speed of trains, including the frog type of railway switches
and rail types concepts of conventional Ukrainian railways [4]. In this paper, the approach is extended taking into
account the curves and gradients of high-speed railways and data of EU countries upgrading railways to increase the
speed of trains.

Such a country is Bulgaria, for example, where the section Plovdiv-Burgas is being reconstructed to increase
the speed of trains up to 160 km/h [8] and the section of the German railways Berlin-Dresden — up to 200 km/h. The
section of the railway line adjacent to the city of Dresden currently is designed for a maximum speed of 120-160 km/h
and needs further reconstruction [9].

In Ukraine, the railway infrastructure is designed for 160 km/h traffic, and the high-speed railway network
is modelled in [6, 7], where its rationale is scientifically established.

The purpose of the work is to check the consistency of Ukraine and the EU countries' railway infrastructure
description data with the relevant high-speed transportation regulations based on ontological means, which helps to
improve the safety of train traffic.

Achieving this goal involves the following tasks:

e development of a multi-level ontology of the railway infrastructure;
o formalization of high-speed railway transportation regulations;

e railway information systems data integration;

e checking the consistency of the developed model in Protégé.

Related works

In 1958 under the Treaty of Rome, Trans-European Transport Networks were created to support economic
development. Within the framework of the approach, the national infrastructure should be considered as part of the
European one. This is achieved, for example, by integrating information systems and regulation data.

Data is integrated using the developed uniform data models, such as Network Statement, railML,
RailTopoModel, and Register of Infrastructure (RINF). The next logical step in the natural progression of XML
(railML and RINF technology) is railway transport ontologies, for example [10, 11]. A notable example is Rail
Topology Ontology [12] based on RailTopoModel and enriching the UML model with description logic axioms.

To integrate the railway regulations of various countries, for example, CIM/SMGS consignment notes have
been developed, which include the freight regulation, and EU TSI to describe the restrictions of railway track and
other subsystems that ensure their interoperability. TSI is a regulation developed for all EU countries. Such
centralization has the disadvantage that the law does not cover all aspects of rail transport, i.e. presented only in
national regulations.

Another way to integrate regulations is their formalization. For example, Commission Regulation (EU) No
1299/2014 [13] and other EU documents are distributed in the Government gazette format. XML allows one to check
the validity of legal documentation, including electronic signatures [14]. Its own XML publishing schema has been
developed for European Union Official Journal. There are other schemes, such as AKOMA NTOSO and Metal ex.
They can be enriched with LKIF ontology rules [15] for logical reasoning. For example, using the RDF dictionary
LEXML it is possible to compare the legal concepts of different languages [16].

The ontology [17] includes the concepts of transport infrastructure in terms of catenary structure and trusses
for their connection. A-box is the characteristics of the assembly and the coefficients determined by regulatory
documents. The purpose of the ontology is to check the assembly structure consistency with the enterprise regulations.
Stiffness calculation formulas are formalized using SWRL rules and associate ontology instances with a «truey literal,
such as the relation mast_ isHeightValid.

Another way to formalize regulations is semantic annotation. The texts of normative documents are
integrated by employing annotation so that experts search for restrictions by subject matter using SPARQL
queries [18].

Thus, it is possible to supplement the integration of heterogeneous sources of railway infrastructure
description with formalized transportation process regulations of various countries to check their consistency.

Methods
Consistency of information systems data and regulatory documentation is checked in a theoretical and
experimental way. The experiment is carried out according to the plan:
e data preparation:
o national railway regulations:

= Germany Railways-Construction and Operating Regulations (Eisenbahn-Bau-und
Betriebsordnung (EBO)) in PDF format [19];

= Bulgaria regulations on the design and construction of railway lines in MS Word format [20];
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» Ukraine State Building Norms (SBN) in PDF format [5];
o EU directives in PDF format:
= Commission Regulation (EU) No 1299/2014 [13];
= Directive 2008/57/EC [21];
o infrastructure descriptions:
= railML files in the XML format that include the radii of the «Coswig-ESig G» section railway
curves of the German railways [22];
= Network Statement tables in PDF that include the gradients of the «Plovdiv-Burgas» section
of the Bulgarian railway [23], as in [24];
= the railway tracks longitudinal profile drawing in PDF format, the include radii of track curves
and gradients of the «Mariupol Port-Volnovakha» section of Ukrainian railways [25], as in [26];
o calculation of the permitted radius in the XLS format;
¢ ontological support development:
o ontology schema modules according to Fig 1;
o data transformation into ontology instances;
o import into the ontology of all developed modules according to the procedure in Fig 1;
e experiment execution:
o SPARQL query results in infrastructure elements having characteristics inconsistent with the
regulation restrictions for the expected speeds;
e analysis of results:
o ontology evaluation with OntOlogy Pitfall Scanner (OOPS!) [27];
o performed results adequacy assessment by the domain expert [28];
o calculation of the Accuracy indicator [29] of the developed ontology.

The ontology is developed in a modular way, which facilitates its reuse [28] and subsequent maintenance,
and also allows one to check the consistency of one data set with the rules of various regulations, for example, to
determine the applicability of speed of trains for the Ukrainian railway network tracks separately for more and less
than 200 km/h, which complies with State Building Norms regulations or EU directives. Or, on the contrary, check
the consistency of the rules for the high-speed train traffic and both the Bulgarian and the German track data. A similar
check is performed, for example, in the Network Statement Checker Ontology [24], which was developed to determine
the compatibility of the technical characteristics of the railway tracks of different countries and international trains.

Modules correspond to three levels of abstraction (Table 1). The numbering of the ontologies in Figure 1 and
Table 2 is consistent. The abstract level is represented by RDF and OWL dictionaries, lightweight ontologies
containing class and relationship concepts for describing data sources and railway infrastructure, such as «table», «has
party», «railway» and so on. The first one was developed using the tabular knowledge representation model [30], which
is based on the application of an order relation and allows modelling a spectrum of data structures such as «set»,
«tupley, «class» and «table».

Table 1

Resources and railway infrastructure ontology modules according to their level of abstraction
Ontology
Level Resources Railway infrastructure
Abstract level 1 5
The first level of concretization 2a, 2b, 3a, 3b 6a, 6b, 7a, 7b
The second level of 4a, 4b 8a, 8b
concretization

At the first level of specification, the vocabulary is enriched with data or rules, for example, restrictions on
the gradient and radius of curves. In the second case, another part of the heavyweight ontology scheme is formed,
which later will allow one to make inferences in Protégé to obtain new knowledge, as well as check the consistency
of information systems data and regulations.

At the second level, rules and data are combined, for example, the Commission Regulation (EU) No
1299/2014 is applied to the data describing the railway infrastructure of Ukraine, Bulgaria and Germany. Thus, a
knowledge base is formed that allows checking the compliance of the railway track of Ukraine or the EU countries
for the movement of trains at a speed of 200 km/h in Protégé.

Concrete resources model ontologies that include data are developed separately for each type of table in the
form of two modules 2a, and 2b. First, the table header and the script for its transformation are described manually.
Then they are linked and the reasoner classifies the table according to its columns and the development software. If
the ontology is consistent, a one uses SPARQL query to get a script that is imported along with the vocabulary and a
table into OpenRefine to transform the table's data into ontology instances.
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Fig 1. Modularity of the railway infrastructure ontology

In general, the experiment plan corresponds to the extreme ontology development methodology [28] with the
stages of ontology development and testing using a SPARQL query. Therefore, the following article is structured as
follows. The data preparation procedure is described. Next, each of the ontology modules is developed in the extreme
order [28] (module, testing). The experiment ends with an evaluation of the results and conclusions.

Data preparation
The experiment is carried out using real information systems and regulations data obtained from open sources
using the tools of
Table 2. Data is extracted using such methods as semantic role labelling for texts in Inception, optical
character recognition for drawings in FineReader, and data extraction for PDF tables in Tabula.

Table 2
Tools used to prepare and develop resources data and ontology
Purpose of use Software tool
The resources vocabulary development mrCube
Heavyweight ontology and railway infrastructure vocabulary development and execution of SPARQL queries Protégé
Semantic annotation of regulation texts INCEpTION [31]

PDF table data extraction Tabula

XSL, TSV, CSV format data wrangling to RDF OpenRefine

Radius calculation Excel
PDF files of railway section profiles of Ukraine recognition FineReader

Semantic annotation is performed using tags based on the railway infrastructure ontology vocabulary. The
input data of Inception are tags and regulations texts, and the output data is a TSV table suitable for its transforming
into ontology instances in OpenRefine. Annotation allows one to link the regulation text and ontology and is performed
using the concepts of the abstract railway infrastructure model ontology (Fig. 2).

gradientDirectiveComesponds ToCategory
Gradients as steep as 35 mm/m are allowed for main tracks on new P1i lines dedicated to passenger traffic at the design phase provided

the following “envelope’ requirements are observed:

Fig. 2 Commission Regulation (EU) No 1299/2014 semantic annotation

Part of the data was prepared manually. The table for calculating the permitted radius values of German and
high-speed Ukrainian railways according to the EBO formula (1) [19] is developed in Excel (
Table 3).
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where h — the cant — 180 mm [13], A h — the cant deficiency — 153 mm for 1435 mm railway track gauge [32]
and 163 mm for 1520 mm [30], k — the coefficient related to the railway track gauge — 11.8 for 1435 mm track gauge
[19] and 12.5 for 1520 mm [33], V — the speed of trains, R — the permitted curve radius.

Table 3
Calculation of permitted curve radii according to the railway train speed
R, m k V,km/h h, mm Ah, mm
908 11.8 160 180 153
1149 11.8 180 180 153
1418 11.8 200 180 153
1458 12.5 200 180 163

The resources model ontology implementation

Conceptual modelling of the abstract resources model ontology is developed in the form of an RDF
vocabulary that unites table description concepts, infrastructure data and regulations.

The ontology includes the concepts of a table, a tuple, a value, an identifier, and scripts for transforming
tables, as well as the hasPart and hasElement relationships for associating the table with the tuple and the tuple with
the value. The description of the table structure allows one to determine the applicability of OpenRefine scripts for its
processing.

The value is referenced by specifying the order relation between the elements of the tuples. For example, the
radius calculation Table 5 has columns «r», «k», «v», «h», «deltah», and the following order relations have been
developed for it: rBeforeK, kBeforeV, vBeforeH, hBeforeDeltah. This makes it possible to map the resources and
railway infrastructure ontology, for example, to link values of railway tracks and gradients.

The concrete resources model ontology is generated as twelve RDF modules in OpenRefine.

The tables are represented in regulations, documents describing the infrastructure, and annotations of texts.
Data on the permitted high-speed and conventional railways radius of Ukraine are represented in the tables of the SBN
«The value of the smallest radius of curves» and «Indicators in the category of rail lines» [5], and on the categories of
lines on the railways of the European Union — in the Commission Regulation (EU) No 1299/2014 [13] table
«Performance parameters for passenger trafficy.

Transformation of SBN tables [5], Excel calculations, railML, Network Statement, longitudinal track profile,
Commission Regulation (EU) No 1299/2014 [13] and regulation annotations means that the tables are annotated with
concrete resources model ontology concepts. OpenRefine additionally generates columns with a checked speed for all
railway track description tables, as well as identifiers for the «Mariupol Port-Volnovakha» section profile elements of
the Ukrainian railway.

The ontology module is tested on the example of the Bulgaria «Plovdiv-Burgas» section. After exporting
data from OpenRefine and importing it to Protege, for example, the query «what values are in the «Interstation
Section» column?» is done (Fig. 3).

SPARQL query: MEEE
No Interstation section Road | I itudinal gradient (%) | Beginning of the gradient Joe
1 Brusartsi — Lom 11,50 17,350 km PREFLX owl: <hitpifwww.w3.0rg/2002/07/owl=
T . 3 r PREFIX rdf: <http:/fwww w3 org/1999/02/22-rdf-syntax-ns#=
8th Railway Line Plovdiv — Stara Zagora — Burgas
1 Plovdiv = Fil = T0.00 % f 160 1 L PREFIX rdfs: <httplfwww.w3.0rgi2000/01irdF-schema#>
el TTipevo o 160 km PREFIX table: <http:/iwww.semanticweb.orgiarisk0/ontologies/2022/2able#=
2 Filipovo -> Skutare 12,260 km
3 Por Iztok -‘ Trakia 1 5.260 km SELECT 2columnHeader Mvalue
2 = 2 5'_‘;6(4 km WHERE {?columnHeader table:naming ?y.
— — — _]‘ ?“m fam, ?columnHeader tableisRepresentedByLiteral "in
i Traki: Skutare 2 9,205 kim terstationSection”.
. Skutare > Manole 20,900 km 2y table:isRepresentedByLiteral value}
8 Manole -> Belozem 22,420 km
9 Belozem -> Orizovo 41,970 km
10 herna Gora 44,340 km
11 Chirpan 54,860 km columnHeader value
12 oboda 63,102 km identifier2 “Plovdiv -= Filipovo™
13 Mihaylove 72,220 km identifier2 “Filipovo -= Skutare™
14 -> Kaloyanovets 1 85620 identifier2 “Por lztok -= Trakia®
:z KMlah'J dove -= K;ln\-:u;\n.‘[s ;_ q:z;:Z:: identifier2 “Por Iztok = Trakia”
aloyanovets -> Stara Zagora 3,672 km . B .
17 Kaloyanovets -> Stara Zagora 2 93,672 km \d.enTTerg Trakia > Skutare“

Fig. 3. Resources ontology of «Plovdiv-Burgas» section Bulgaria Network Statement «SE NRIC Maximum gradients along the railway
lines» table SPARQL query

The concrete resources model ontology, which includes rules, is developed in the form of three OWL
ontologies in Protege.

Tables are classified according to the features of the header tuple and development software. The hierarchy
is built by logical definitions (for example, for a table for calculating the permitted curve radii):

calculationRadiusTable Equivalent To excelTable and hasPart some
calculationRadiusTableHeader.

The header tuple is a table tuple whose elements are identifiers. For example, calculationRadiusTableHeader
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has the following logical definition:

calculationRadiusTableHeader Equivalent To tuple and (hasElement some

RIdentifier) and (hasElement some kIdentifier) and (hasElement some
vIdentifier) and (hasElement some hIdentifier) and (hasElement some
deltahIdentifier) and (hasElement some gaugedentifier)

If a table has a unique header tuple, it can be classified by the reasoner. Text annotation tables do not have a
unique header tuple and should be classified manually.

The applicability of the OpenRefine script to a table is determined by the format and structure of the table
and is implemented in the ontology by restrictions. For example, the curve radii calculation table data transformation
script has the following restriction:

calculationRadiusTableScript
calculationRadiusTable.

The concrete resources model ontology is developed in Protégé, where script and table ontology instances
are linked. The reasoner checks the applicability of the script for processing the table using the restriction. If the
ontology is consistent, for example, the «which tables are the input data of the scripts?» query is executed.

The ontology module is tested on the example of the SBN table «Indicators of the railway line categories»
[5]. Fig. 4 shows a query to infer the type of table.

Queries on inferred facts are performed in the Protégé DL Query tab or Snap SPARQL Entailment Regime
one [34] which is used in the paper.

SubClass of inverse inputOf only

Bridging ontology
Bridging ontology is developed in Protégé as a link between resources and railway infrastructure ontologies.
The following requirements have been developed for the ontology:
reclassification of instances from resources ontology into railway infrastructure classes;
linking instances with railway infrastructure ontology relations.

The resources railway infrastructure ontology classes are connected by logical definitions like:

trackSection Equivalent To valueClass and (inverse naming
radiusChangeIdIdentifier or inverse naming some interstationSectionIdentifier
or 1nverse naming some profileColumn2Identifier or inverse naming some
profileGradientColumn2Identifier)

To link the characteristics of the railway track section, property chains like the following one (radii

calculating table) have been developed:
radiusRegulationCorrespondToSpeed SuperProperty Of rBeforeK o kBeforeV

some

Tabnwua 5.1 — Karteropii 3aniaHnaHMx NiHIA 3anexHo Big yMOB excnnyarauil SPARGL Query | Snap SPARGL Query

Kate-
ropia
sanis-
HAUHHX
TiHiA

Weng-
KicHi

Mpw3naueHHs
aaniaHuue

3anizHsini
MArICTpankHi KT

PospaxyHkosa piuHa
npueeaeHa
BaHTAKOHANPYXEHICTE
(HETTO® Y BAHTANHOMY
Hanpsimey) Ha 10-@ pik

eKcnNyaTauil, MAH TKMKM

Hesanexo gig
BAHTAKOHANDYHEHOCTI

Poamipu pyxy BaHTaxHux, (MakcuMansHa

nacaxupeLEMX
i npuMicekux noizgie
Ha 10-1 pik excrnyaTtauji
(nap npueeneHyx Noianie
Ha noby)*

HesanexHo eig poamipis
pyxy

WBKAKICTE

pyxy naca-

HUPCLKAX
noisnis
kmiron

200

BaniaHuHi
maricTpanesi niKit

Binbwe 50

Binswe &0

160

3anisHnHi
MaricTpankHi NiHiT

Binbwe 30 no 50 skmio4HO

Binswe 60 no 80 sxniouno

140

3aniaHn4Hi
maricTpansHi niHit

Binbwe 20 no 30 BKMOYHO

Binswe 40 o 60 ernko4He

120

v

3aniaHn4Hi
maricTpankHi fiHiT

Binswe 10 go 20 BKMOYHO

Binswe 25 ao 40 Brn0YHD

100

W

3anisHnyHi Nkt

Binkwe 3 Ao 10 BENOYHO

Binswe 15 no 25 pkn4HD

80

Snap SPARQL Query: = 0]Es)

PREFIX owl: <http://www.w3.0rg/2002/07fowl# =
PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns# >
PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>

PREFI¥ modell: <http://www.semanticweb.org/larisk0/ontologies/2022/5/modell#>

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

SELECT 2table ?hasColumn WHERE { ?table rdf:type modell:_ SBNCategoryTable.
7% table:hasPart ?y.

?y table:hasElement ?z.
7z rdf:type model1:identifier.

7z table:isRepresentedByliteral hasColumn.}

Execute

Ztable
table:SBNCategoryTable
table:SBMCategoryTable

ZhasColumn

speed
passengerTraficvolume

Vi ZanisHuyHi nikil Ho 3 erniouno Binbwe 10 no 15 srnoyHo no 80

Wil 3aniaHnHHi NikiT [o 3 ekniouHo [o 10 srniouHo table:SBNCategoryTable freightTrafficDensity
BHyTpiwHeoCTaHNifHI | Heaanexo sin HeaanexHo Bia posmipis 10 60 table:SBNCategoryTable railwayFunction
SEHYBANGHI" T | BaTAKOHANPYKEHOCTI pyxy \able:SBNCategoryTable lineCategary
nig faui konii

Fig. 4. SPARQL query inferring the SBN table «Indicators of the railway line categories» type

The railway infrastructure model ontology implementation

The abstract railway infrastructure model ontology is developed in Protégé as a vocabulary for describing
the data of information systems and regulations.

The conceptual model — ontology base — contains the concepts of a railway track section, curves, gradients,
as well as relationships for checking the compliance of characteristics defined in information systems and regulatory
documents, such as radiusMayCorrespondToSpeed and speedRegulationCorrespondToRadius.

The concrete railway infrastructure model ontology, which includes data, is developed in the form of twelve
modules in Protégé for each type of table. A concrete sources model and bridging ontologies are imported into the
module.
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The railway infrastructure vocabulary and bridging ontology modules were tested on the German «Coswig-
ESig G» railway section. The SPARQL query «what curve radii does the track have?» is executed (Fig. 5).

¥ <radiusChanges> Snap SPARQL Query: NEEE

<r usChange id="rch_ga.
PREFIX owl: <http://fwww.w3.0rg/2002/07/owl#>
PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns# >

<radiusChange
<radiusChange
<radiusChange

PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
PREFIX modell: <http://www.semanticweb.org/larisk0/ontologies/2022/5/model1#>
PREFIX table: <http:/fwww.semanticweb.org/larisk0/ontologies/2022/2/table# >

SELECT ?trackSection ?Radius WHERE {

7y modell:hasRadius 7x.
11167 /> 7% table:isRepresentedByLiteral ?Radius.
8" /> : ?y table:isRepresentedByLiteral ?trackSection.
3@08" /> ?y table:radiusChangeldBeforeRadiusChangePos ?z.
PRI ?z table:isRepresentedByLiteral ?j}
2458" /> ORDER BY ASC(7j)

<radiusChange
<radiusChange
<radiusChange
<radiusChange
<radiusChange
<radiusChange

"1e3377"
"1@3482" dir
"183615" dir
"1e4293"

<radiusChange
<radiusChange

<radiusChange 120@"/> Execute
<radiusChange " /s
<radiusChange "186080" 5@a8" /> ?track Section ?Radius
<radiusChange "196143" rch_80.6363_1_0 0
<radiusChange

- rch_80.6363_1_32 1062

rch_80.6363_1_325 1452

<radiusChange rch_80.6363_1_389 1122
<radiusChange "128892" rch_80.6363_1_676 1330
<radiusChange 129189" dir rth_80.6363_1_767 952

£radinsChanes id " AEIAEY A e

Fig. 5. SPARQL query inferring curve radius of the Germany «Coswig-ESig G» railway section

The concrete railway infrastructure model ontology, which includes rules, is developed in Protégé based
on [35].

We utilize owl:hasKey construct for speedlsRepresentedByLiteral, categorylsRepresentedByLiteral,
wordIDIsRepresentedByLiteral data properties. Thus the relations become inverse functional and, for example, all
speed values having the same value are connected with the relation owl:sameAs by the reasoner, which allows using
Fig. 6 compositions of relations. Relation numbering indicates the execution order of the reasoning path.

inverse inverse
1299Column3 1299Column4
Before Before
1299Column4 1299Columns
inverse 1299Column2Before1299Column3 inverse 1299Column1Before1299Column2
inverse
longitudinal 1. inverse
Gradient 6 categoryDirective traffiCode
Before — =equals= — . Correspt?nds Before
- ToGradient N
Beginning LoadingGauge
OfTheGradient
/ .
inverse \ 4 - 7 2 4 inverse
beginningOfTheGradient \ SpeedRegulation speedDirective loadingGauge
Before gradientMay Corresponds Corresponds Before
EndOfTheGradient CorrespondToSpeed ToGradient ToCategory AxleLoad
\ / ; /
UpgradedLines
inverse inverse Speed inverse
endOfTheGradient GradientLength speed __ Directive __ axleLoad
Before Before Corresponds Before
GradientLength Speed ToBuiltLines LineSpeed
Speed
inverse 2008Column1Before2008Column2 inverse 2008Column2Before2008Column3
inverse inverse
2008Column4 2008Column3
Before Before
2008Column5 2008Column4

Fig. 6. Property chains that allow checking the consistency of regulations data and information systems

Relationship compositions link the annotation tables of Directive 2008/57/EC [21], Commission Regulation
(EU) No 1299/2014 [13] and the Commission Regulation (EU) No 1299/2014 «Performance parameters for passenger
trafficy table, since the answer to the question about permitted gradients is contained in statements about the
correspondence of the track gradient and category, the track category and speed, as well as newly built and
reconstructed lines speeds.

Speed Directive Corresponds To Gradient SuperProperty Of upgraded Lines
Speed Directive Corresponds To Built Lines Speed o speed Directive Corresponds
To Category o category Directive Corresponds To Gradient

The infrastructure gradient description and the regulation data are connected by the «equals» relation
property chain:

equals SuperProperty Of gradient May Correspond To Speed o inverse speed
Regulation Correspond To Gradient

After that, they are compared for belonging to the same range of values.

The concrete railway infrastructure model ontology is developed in Protégé. Reasoner checks the consistency
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of the speed and characteristics of the track using logical definitions.
The ontology module was tested on the «Mariupol Port-Volnovakha» section example. Using a SPARQL
query, railway track curve radii are obtained that do not meet the high-speed traffic restrictions.
In Fig. 7 a) for the «Mariupol Port-Volnovakhay section, curves that do not meet the 200 km/h speed traffic
restrictions were obtained. It is possible to use the ontology for speeds of 200 km/h and conventional railways (for
example, 160 km/h). In Fig. 7 b), curves were obtained that do not meet the 160 km/h restrictions.

485002, ACNAHOBE
12434
3N.1251 KM 3MN1249KM 3N1248 KM AN1246 KM
1250.4 : 12488 12471 12461
1251 T 124:-9.3 12475 1245.27 1244184 1242 686
9 & 0 3 3 & & 3
1251 1250 L1243 1248 1247 1246 1245 1244 1243
125174 12507 1250.3 12499 12435!12491 1248.7 1247.8 12474 |1246.91246.488 124612457 12452 12446 12447 124365 12432 12427
1243.742 : 1248.736 1243045 1246.949 1246.333 1245285  1244.687 1243352 1242768
7.9 81 74 47 o 06 022 29 09 03 01 06 476 02 7 1 48 8
300 300 400 2E0 400 300 500 400 300 363 300 3% 300 300 300 200 300
=039 =882 r=1050
a) b)
Snap SPARQL Query: = B
H=]0]Es) —

Snap SPARQL Query:

7 = T TE TRy S PR e Py P S U

<http://www.semanticweb.org/lariskO/ontologies/2022/2/table# =

SELECT ?curve WHERE {

7x table:isRepresentedByLiteral 2curve.
7% table:profileColumn1BeforeProfileColumnz ?z.
?z table:isRepresentadByLiteral 7j

SELECT ?curve WHERE {
?% rdf:type model1:1-999faultyRadius.
?x table:isRepresentedByLiteral Zcurve.
?x table:profileCalumniBeforeProfileColumn?2 ?z.

7z table:isRepresentedByLiteral 7j

{7x rdf:type modell:1-995faultyRadius} }ORDER BY 7j

UNIOM {?x rdf:type model1: 1000-1199%faultyRadius} ¥ ORDER BY 7j
Execute

Execute
7curve

839
882
642
639

Zcurve
839
agz
1050

Fig. 7. SPARQL query inferring «Mariupol Port-Volnovakha» section track curves that are not consistent with 200 km/h and 160 km/h
traffic restrictions

The consistency of infrastructure description data and regulations is checked using high-speed railway radius
calculation tables. The following assumptions are made. Since there is no rolling stock in Ukraine of 200 km/h speed,
traffic of 180 km/h is considered high-speed, in contrast to that specified in the SBN [5]. High-speed traffic is
considered to be from 200 km/h for reconstructed lines [21]. Track characteristics calculated for the 1540 mm gauge
[32,33].

Checking the consistency of infrastructure description and regulations data is performed on the basis of SBN
«Value of the smallest radius of curves» and «Indicators of the railway line categories» tables [5]. The comparison is
performed according to the column of «very difficult conditionsy.

Ontology evaluation

Evaluation — the last stage of ontology development - is performed in two ways: manually by a domain expert
and automatically by a web application.

Ontology quality is evaluated using the OOPS (OntOlogy Pitfall Scanner!) application [27], as, for example,
in [36]. This method helps to check the ontology for the presence of bad practices (40 in total), like structural,
functional and usability-related, categorized as critical, important and minor. For example, facts linking object
properties with an "inverse" relation to themselves are unacceptable, or the absence of annotations that, in the general
case, are used to improve the readability of the ontology by a person.

After importing into the ontology scanner, minor flaws (Fig. 8) were identified, presumably related to the
presence of dots in the value identifiers, for example, «value2.1».
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It is obvious that not all the pitfalls are equally important; their impact in the ontology will depend on multiple factors. For this reason, each
pitfall has an importance level attached indicating how important it is. We have identified three levels:

» Critical ® : It is crucial to correct the pitfall. Otherwise, it could affect the ontology consistency, reasoning, applicability, etc.
s Important © : Though not critical for ontology function, it is important to correct this type of pitfall.
= Minor "' : It is not really a problem, but by correcting it we will make the ontology nicer.

[Expand all] | [Collapse all]

Results for P22: Using different naming conventions in the ontology. ontology™ | Minor

SUGGESTION: symmetric or transitive object properties. 51 cases

According to the highest importance level of pitfall found in your ontology the conformace bagde suggested is "Minor pitfalls” (see below).

Fig. 8. Evaluation of the developed ontology in OntOlogy Pitfall Scanner

The fulfillment of the development requirements by the ontology is determined using SPARQL test queries,
test modules, followed by an assessment of the result adequacy by a domain expert, which corresponds to the eXtreme
methodology [28]. We developed queries according to the competency questions set for the ontology modules. For
example, one of the aims of source ontology module development is to determine the type of a table according to its
content. The ontology usability is determined by the Figure 4 SPARQL query. To assess the adequacy of the SPARQL
query results, we developed a questionnaire for a domain expert and examples of questions presented in Table 4.

Table 4

Domain expert evaluation questionnaire of the ontology
Statement True/false

In Figure 3, the values belong to the «Plovdiv-Burgas» section «SE NRIC Maximum gradients along the railway lines» table
«Interstation section» column
In Figure 4 the table description corresponds to the SBN «Indicators of the railway line categories» one [5]
In Figure 5, the «Coswig-ESig Gy section railway track curve radii are got
In Figure 7 the section «Mariupol Port-Volnovakha» curves having 839 m and 882 m radii are not consistent with restrictions of
200 km/h speed
In Figure 7 the section «Mariupol Port-Volnovakhay curves having 1050 m are consistent with restrictions of 160 km/h speed.

At the same time, regression testing [28] is performed, i.e., checking the usability of modules combined in
one ontology. The developed ontology contains 16 modules imported into each other according to the procedure
shown in Figure 1. Thus, each subsequent module should not contradict the previous one, for example, in naming and
getting the results of SPARQL queries that correspond to the ontology development aims.

Axioms are evaluated using the Accuracy indicator in [29] as the ratio of the number of axioms with the false
expert's assessment to the total number of axioms. The developed knowledge base contains about 3000 axioms and
500 individuals. It is impossible to assess the entire volume, so the expert evaluates the following part of the axioms.

Inference of the types of information system and regulation tables (SBN tables [5], Excel calculation, railML
[22], Network Statement [23] and Commission Regulation (EU) No 1299/2014 [13]) as in Figure 4 — 6 axioms.
Inferring the consistency of the «Mariupol Port-Volnovakha» section speed and railway track curve radii — 23 axioms,
the «Plovdiv-Burgas» section speed and gradients — 50 axioms. Of these, all 79 axioms were evaluated as true by the
domain expert.

Discussion

Existing transport ontological studies suffer from fragmentation as they do not consider heterogeneous data
[24] or foreign railways data [1]. In transport, insufficient attention is paid to the railway infrastructure regulations
and annotation of texts.

We carried out approbation of the tabular representation knowledge model and integration of information
systems of various railway subsystems in [3, 4].

Further integration of the developed railway infrastructure ontology can be performed with the railway train
model using the bridging axiom [35]:

modelTrain EquivalentTo: train and hasWeight some xsd:int[> 0, 3400] and
hasLocation some modelTrack.

Conclusions

Methods for checking the suitability of railway tracks for high-speed traffic by annotating and formalizing
regulatory documents have been developed. The usability of the approach was evaluated experimentally for the
Ukraine «Mariupol Port-Volnovakhay, Bulgaria «Plovdiv-Burgas» and Germany «Coswig-ESig G» railway sections.

The ontology was developed according to the Extreme methodology using the OpenRefine automated
generation of instances and the Inception semantic annotation. It was evaluated by OOPS and a domain expert. Within
the paper framework, we transformed data of 3000 axioms and 500 individuals, of which 79 axioms were selected
and evaluated by the domain expert as true.

MDKHAPOJIHUI HAVKOBUI KYPHAJI . 19
«KOMII'KOTEPHI CUCTEMMU TA IHOOPMAIINHI TEXHOJOT'TI», 2022, Ne 3



INTERNATIONAL SCIENTIFIC JOURNAL ISSN 2710-0766
«COMPUTER SYSTEMS AND INFORMATION TECHNOLOGIES»

It is worth mentioning that the developed ontology is a heavyweight one in that it contains restrictions, rules
and logical definitions, which allows one for logical inferences to obtain new knowledge and check data consistency.
Because of this, it is not suitable to work with large amounts of data, especially in environments like Protégé and the
Hermit reasoner we use. When importing rules for large amounts of data into an ontology, it is possible to process
them in parts, such as those used for demonstration in the paper. Nevertheless, the ontology is modular, which in our
case means the presence of a developed lightweight version of the ontology (vocabulary), which is of use not for
consistency checking, but for data integration, which we perform in [3, 4].

In the future, we plan to enrich the ontology with the railway track defects and integrate it with the railway
train model.
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