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ABSTRACT

Context. Modern intelligent systems of failure identification of control equipment and devices in food industry are based on a
complexation of approaches implemented on various methods and algorithms. The feature of such systems is that within them oper-
ates a large amount of heterogeneous data and knowledge that are difficult to combine. The use of ontologies of different levels in the
system development process solves this problem.

Objective. Domain ontology development for equipment condition monitoring system as a basis for designing intelligent deci-
sion support system with ontology knowledge base.

Methods. There are different ontology development approaches. They may differ in the quantity of levels and types of ontologies
or be a combination of subject and problem domains ontologies depending on the complexity of the problem and the chosen ontology
development method. This paper represents two levels of the three-level ontology being developed for intelligent condition monitor-
ing system of control equipment and devices. The upper level is represented by top-level ontology Basic Formal Ontology (BFO)
which provides systematization of the meta-level, including temporal part. International standards and technical reports such as IEC
62890, ISO 55000, ISA 95, ISA 106, IEC 62264, ISO 10303-242: 2020 are considered in the development process of the second
ontology level — Domain ontology.

Results. The article provides Domain ontology for equipment condition monitoring system in food industry. The developed Do-
main ontology systematizes, structures engineering knowledge and uses BFO which provides a set of basic elements at the meta-
level. They set the values of the following entities: type of production, methods of failure identification, causes, failures, events,
equipment, etc. The developed Domain ontology has semantic cross-links. A fragment of the Domain ontology relationships for the
“Control equipment” subclass of “Equipment” class is also presented in the paper.

Conclusions. The developed ontology can be used to analyze the knowledge base on the causes, locations and types of failures
and their identification methods. The developed ontology is a basis for application ontology development.

KEYWORDS: top-level ontology, BFO, domain ontology, failure, control equipment and devices.

ABBREVIATIONS NOMENCLATURE
BFO is a Basic Formal Ontology; On is an extended domain ontology;
PC is a personal computer; R is a set of relations specified for classes;
IDSS is an intelligent decision support system; 0% is a SPAN ontology;
SPAN is an ontology for occurrents; O™ is a SNAP ontology;
SNAP is an ontology for continuants. O is a Process ontology;

O"® is a Process Boundary ontology;
O™ is a Temporal Region ontology;
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O*R is a Spatial Region ontology;

O is a State ontology;

0°®P is a Breakdown moment ontology;

O™ is a Time ontology;

O™ is a Spatiotemporal Region ontology;

0" is an ontology of Technological process life cycle;
0% is an ontology of Equipment life cycle stages;
0" js an Independent continuant ontology;

O°° is a Dependent continuant ontology;

O°PC is a Generally dependent continuant;

0°°C is a Specifically dependent continuant ontology;
OME is a Material Entity ontology;

O'™E is an Immaterial Entity ontology;

0" is a Variables ontology;

0%is a Quality ontology;

OF" is an Ensuring reliability ontology;

0 is a Disposition ontology;

O is a Spot ontology;

Q' is a Role ontology;

0O' is a Function ontology;

OF is a Cause ontology;

O is an Event ontology;

O is a Methods ontology;

O™ is a Fault type ontology;

J is a set of criteria for assessing ontology quality;
Vr is a verification assessment of Domain ontology;
Vl is a validation assessment of Domain ontology;
W is a concordance coefficient.

INTRODUCTION

Modern effective IDSS is a set of interconnected sub-
systems implemented on different methods and algo-
rithms, depending on the purpose of the system. Usually,
the basis of IDSS is the production monitoring subsystem.
The production monitoring subsystem can have different
purposes: monitoring of process stability, equipment con-
dition monitoring, monitoring of other production or eco-
nomic indicators and their combinations. The quality of
production monitoring subsystem operation directly af-
fects the accuracy, correctness, timeliness and reliability
of the recommendations that IDSS being developed pro-
vides.

Combination of functional and structural parts of the
system is a serious problem of the implementation of the
intelligent decision support systems. The authors do not
know international standards that describe the algorithms
and procedures for integrating parts of IDSS for different
functional purposes as well as general unified models and
tools for developing intelligent systems and standardized
coordination mechanisms. This leads to overlapping and
duplication of some solutions within the entire manufac-
turing enterprise or its parts during realization of compre-
hensive automation of the manufacturing enterprise at
different levels. Overlapping and duplication lead to addi-
tional financial costs for implementing different solutions
of the same problem. In addition, it can lead to collisions,
additional time and resource losses and quality deteriora-
tion of the manufacturing operation.

In addition, the main problems of intelligent system
implementation include the need to convert data formats
to provide the interaction between IDSS parts. The devel-
opers of complex intelligent systems emphasize the need
to create a digital twin of the enterprise or its parts to ef-
fectively solve these problems. The digital twin will solve
the problem regarding overlapping of system solutions,
identification of weak points, modernization, improving
and expanding the system.

The problem of heterogeneity and diversity of data
within IDSS, their complexity, inconsistency and absence
of pattern does not exist for ontologies because they com-
bine any data and knowledge. Therefore, it is advisable to
use ontologies of different levels during developing the
system.

The object of study is a process of combining the
knowledge and data of manufacturing enterprise to pro-
vide condition monitoring of control equipment and de-
vices in food industry.

The subject of study is Domain ontology for condi-
tion monitoring system of industrial control equipment
and devices.

The purpose of the work is Domain ontology devel-
opment for condition monitoring system of control
equipment and devices of industrial enterprise, in particu-
lar, in the food industry, which systematizes and concep-
tualizes knowledge, objects and processes for many re-
lated tasks and is based on BFO.

1 PROBLEM STATEMENT
Formally, the BFO model is described by a tuple (1):

On=< 0%, O, R >. (1)

Model (1) should include only those concepts used for
the developed Domain ontology. For the BFO model, the
set of relations R is limited to "is_a".

SPAN ontology model O is described by a tuple (2):

OSP — < OP, OPB, OTR, OSR > (2)

SNAP ontology model O™ is described by a tuple (3):
OSN =< Oll"ldC ODC (OGDC OSDC) > (3)

Tuples (2) and (3) at the level of Domain ontology
should describe the concepts and their relationships that
provide monitoring of industrial control equipment and
devices in accordance with existing international stan-
dards in the industrial automation domain.

Domain ontology should be focused on the following
tasks: qualitative representation of domain knowledge;
systematization and structuring of information; formaliza-
tion of engineering knowledge and management of effec-
tive research of domain knowledge; application in the
solution development of individual problems in IDSS.

2 REVIEW OF THE LITERATURE
Ontology has been developed to represent and de-
scribe domain knowledge understandable to machines
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(PCs) and humans. Ontologies are used in many fields of
computer science such as software development [1],
knowledge engineering [2], semantic networking, infor-
mation retrieval [3], etc.

Metadata such as domain description, purpose of on-
tologies, are used to describe the context of ontologies
and to integrate them. However, these metadata may not
always be available in ontologies, and it is a significant
problem. There are different ways to integrate ontologies.
One option is based on automatic domain identification
and presented in [4], the other option is based on OWL —
in [5, 6]. Integration of top-level, domain and application
ontologies is not considered in the article.

There are many different approaches to increase pro-
duction efficiency. Most of them improve the technologi-
cal process. However, there is an objective need to use
equipment diagnostics subsystems. Because the repair
time and equipment downtime directly depend on the
complexity of the failure. Downtime reduction leads to
increased profits and reduced losses.

Classification of failures and reasons of their occur-
rence [7], accurate selection of methods for diagnosing
equipment conditions significantly reduce the time to find
the failure and the place of its occurrence, and, conse-
quently, increase the efficiency of response to the event.
In addition, an effective diagnostic system provides
timely preventive maintenance that also increase produc-
tivity. Today, there are alternative solutions regarding the
use of ontologies in the development of failures searching
systems in various fields: software development, con-
struction, automotive industry, services [8, 9], etc. For
food industry it is necessary to consider its specifics as
well as existing international industry standards.

To develop IDSS with ontological database and
equipment condition monitoring subsystem it is necessary
to develop top-level ontology and domain ontology at the
first stage. The next step is developing of application
ontology.

The decision support system for equipment condition
monitoring includes different quantity of heterogeneous
information. It comes from technological process, auto-
mation system, equipment condition monitoring subsys-
tem and other subsystems. For convenience, the produc-
tion monitoring system was divided into three parts: tech-
nological equipment condition monitoring, control
equipment and devices condition monitoring, electrical
equipment condition monitoring.

3 MATERIALS AND METHODS

Any ontology are terms and its meanings used in spe-
cific domain, relationships between terms in hierarchical
structure and their definitions. Therefore, Domain ontol-
ogy should be developed correctly to implement applica-
tion ontology. To build Domain ontology, it is necessary
to structure the system of concepts at the semantic level
by providing the basic concepts and properties of auto-
mated control systems, intelligent systems, technological
objects of food industry and hardware. This is a basis for
integration of information and data coming from different

decentralized sources throughout the life cycle of intelli-
gent equipment condition monitoring system. Large vol-
umes of heterogeneous data are at all stages of equipment
and system life cycle.

The authors have experience in building ontologies for
technical applications. The results are presented in [10].
The feature of the ontologies given in [10] is the approach
of Ukrainian academician A. V. Palagin [11] taken as a
basis. This approach has undeniable advantages such as
task and method orientation, but significant disadvantage
is the lack of standardization. Therefore, Basic Formal
Ontology is chosen among existing top-level ontologies to
solve defined tasks [12].

The advantages of BFO are current development of
the standard [13] and version BFO 2.2 which is OWL-
compliant. BFO is based on the monohierarchy principle.
According to monohierarchy principle, types and sub-
types taxonomies of specific classes in compatible on-
tologies have hierarchical structure. The simplicity of the
BFO structure implies the relative simplicity of the for-
mulations, which leads to the fact that the node of the
universal graph has only one parent node with the relation
“is_a”. This principle avoids errors in the development of
top-level ontology. It should be noted that all of the men-
tioned above provides significant technical advantages in
further applied implementation.

At the upper level, BFO is divided into two ontologies
SNAP and SPAN [14], which correspond to two catego-
ries of individuals. They do not overlap and correspond to
space and time: continuant and occurrent. Continuant are
continuous entities that include objects, attributes, and
locations. Occurrent includes entities that contain proc-
esses and time domains. They occur, deploy, and evolve
over time. The feature of continuant is integral existence
at any time unlike occurrent consists of parts that change
over time, they have a beginning, middle and end.

Domain ontology is developed to build application on-
tology that will search for type of failure, its location and
causes. Domain ontology is usually needed to build a
knowledge model that describes multi-party project de-
velopment process.

The developed BFO-based Domain ontology for food
industry productions, which contains concepts in struc-
tured, systematic and flexible format, is presented below.
The selected concepts of the domain correspond to the
respective concepts in ISA 106, ISA 95 (IEC 62264) and
other industry standards. In addition, appropriate hierar-
chies are maintained. This provides an openness of do-
main ontology and ability to make changes and extensions
of it to present specific knowledge of the research do-
main. Domain ontology for the equipment condition mon-
itoring system is based on knowledge and coordination
between different industries, disciplines and subsystems.

The following steps were performed during Domain
ontology development for equipment condition monitor-
ing system to structure data and knowledge and select the
appropriate classes:
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1. A three-level ontology consisting of top-level on-
tology, domain ontology and application ontology is cho-
sen to implement the tasks.

2. BFO is chosen as a top-level ontology. Temporal
part allows to take into account the dynamics of ontolo-
gies, their classes and entities. It is possible to use version
BFO 2.0 on OWL. BFO-individuals allow to clearly
structure and specify domain knowledge at the level of
domain ontology.

3. Domain ontology is divided into two ontologies ac-
cording to BFO: SNAP and SPAN. The advantage of this
approach is a separate selection of invariant entities-
objects and entities-processes with the corresponding time
domains and labels for domain.

4. Physical model described in ISA 106, ISA 88 and
role-based equipment hierarchy model described in ISA
95 and features of equipment in food industry are consid-
ered to properly select appropriate classes and establish
correct semantic relationships between objects and de-
signing processes.

5. The quality control of the developed ontology is ob-
ligatory stage. Today, there is no standard for this proce-
dure, but it is possible to use several methods [15].

BFO entities are specified by domain ontology sub-
classes to describe and define the basic domain concepts
of equipment condition monitoring.

SPAN ontology is described by tuple (4):

OSP =< OSt, OBD, OTm’ OSR(OPI, OEI) >. (4)

The ontology of occurrent domain consists of four en-
tities: State O™ corresponds to equipment condition (op-
erative condition, fault state, after-fault state); Breakdown
moment O®P stores a set of timestamps that correspond to
the moment of equipment failure; Temporal Region at
Domain ontology level corresponds to time part Time O™
that describes the period of time during which the event
occurs; Spatiotemporal Region O divided into two parts
— O™ corresponds to stages of technological process life
cycle and O corresponds to stages of equipment life cy-
cle.

Entity

isa

Occurrent

Combination of SPAN ontology and Domain ontology
for entities that evolve over time is shown in Fig. 1. BFO
entities are above the line and Domain ontology entities
are below the line. The subclasses of which the corre-
sponding class consists are given in the form of a list.

Continuant consists of Independent continuant and
Dependent continuant according to the documentation.
Independent continuant is an entity that can exist inde-
pendently or be a part of another entity. Dependent con-
tinuant exists due to another object or as a part of another
object. Independent continuant is divided into two enti-
ties: Material Entity and abstract Immaterial Entity.

Domain ontology for SNAP consists of two parts,
which are described by the following tuples (5) and (6).
For Independent continuant (Fig. 2):

O|I’1dc < OME O|ME (5)

OME — Material Entity ontology at Domain ontology level
includes data about the structure of manufacturing enter-
prise, technological objects, material batch, production
equipment.

Immaterial Entity O™ is a class of location of techno-
logical equipment — production units and lines. Spatial
Region provides management of 2D and 3D drawings and
models. It gives an opportunity to find a place of failure
and device which failed with the indication of its location
on the corresponding drawing during documentation de-
velopment using specific software. It will greatly facilitate
staff work and reduce the time for communication be-
tween services of the enterprise.

Dependent continuant (Fig. 3) is described by tuple

(6):

ODC =< OGDC(OV), OSDC(Oq(OEr), Od(OSp’
Of)’or(oc’ OEV, OM, OTF)) >, (6)

0" — variables ontology at Domain ontology level which
includes subclasses of technological, information vari-

Process

Process Temporal
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Figure 1 — SPAN and Domain ontology
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Figure 2 — SNAP and Domain ontology (Independent Continuant)

ables and quality indicators of equipment condition; O% —
an entity of Ensuring reliability which describes the indi-
cators of equipment reliability; O? — Disposition ontology
which consists of equipment locations and failures loca-
tions; O — Role ontology classifies information about
failures causes (Cause), events of two types (Event): Re-
pair and Maintenance of equipment, subjective and objec-
tive Methods for equipment condition diagnostics and
types of failures; O' — Function ontology corresponds to
functions performed within the developed system.

4 EXPERIMENTS

Experimental research was performed to verify the ef-
fectiveness of the developed Domain Ontology for condi-
tion monitoring system of control equipment and devices
for data and knowledge structuring on the example of
general types of equipment failures belonging to the Con-
trol equipment class at the sugar plant for two seasons of
its operation.

The ontology quality is assessed comprehensively by
developers and future users. The assessment is based on

the ontology verification and validation results because
the authors do not know united approach that describe a
procedure to make a technical conclusion regarding the
correspondence of the ontology content to the system at
each stage of its life cycle.

All requirements are met. The assessment is per-
formed according to the set of criteria, which are de-
scribed by tuple (7):

J=<Vr, VI>. @)

Validity VI actually indicates the correctness of the
syntactic coding of the ontology specification, which is
checked using OWL validator URL: mowl-
power.cs.man.ac.uk:8080/validator/. The absence of logi-
cal contradictions in the ontology ensures its compatibil-
ity. If there are contradictions, the ontology is incompati-
ble and as a result, any formal model cannot satisfy ontol-
ogy axioms.
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Figure 3 — SNAP and Domain ontology (Dependent Continuant)
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Verification assessment Vr indicates the formal cor-
rectness of the developed Domain ontology according to
syntactic validity and the absence of logical contradic-
tions. Evaluation of Domain Ontology semantic correct-
ness is usually based on “gold standard”. “Gold standard”
is an evaluation method based on a specific task, specific
sources of knowledge or expert assessments. Whereas the
authors did not find a suitable basic ontology or mathe-
matical model for “gold standard” evaluation for the stud-
ied domain, assessments based on specific tasks and
sources of knowledge are quite subjective and may not
reflect the real effect. The set of assessments Vr for
evaluation of the effectiveness of the developed solutions
to provide experts was chosen. These include the follow-
ing criteria:

Accessibility (Vry). This criterion characterizes the
ability to access the ontology: hosting in open reposito-

ries, payment conditions, support of global search, general
ontology support.

Completeness and adaptability (Vr,). This criterion
measures diversity of the domain ontological base and its
completeness and possibility to adapt it to the specific
problem.

Openness (Vr3). This criterion characterizes the pos-
sibility of refinement, addition of the necessary terms,
relations, axioms, rules, etc.

Quality (Vr,). This criterion shows whether the de-
veloping ontology remains consistent, correct, whether
there is a feedback mechanism to track problems.

Standardization (Vrs). This criterion characterizes
the compliance of the ontology with the existing interna-
tional standard, or affiliation to the standard.
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5 RESULTS

The developed Domain ontology has semantic cross-
links. A fragment of the Domain ontology relationships
for the “Control equipment” subclass of “Equipment”
class is presented in Fig. 4.

One of the ontology queries is “What are the typical
failures specific to a particular class of equipment (such
as motors)?”. The answer is a subset of instances of the
class Fault type (Fig. 4). Or on the query: “What are the
typical causes of failure for the appropriate location and
type of equipment?”, a user gets a subset of instances of
the Cause class. Because Control equipment class con-
nects to Equipment location class which determines the
location of technical devices through “hasLocation” se-
mantic property. Similarly, the relations ‘“hasState”,
“ServiseOf” are used to describe the state and metrologi-
cal service of equipment. “hasFault” and “Characteristi-
cOf” relationships associate equipment with the corre-
sponding types and causes of failures. Types and causes
of failures are also related by their relationship CallOff
and hasCause. Equipment states are included in the

<>

rdfs:subClassOf rdfs:subClassOf

Control
equipment  J/

Equipment
location

hasLocation,

hasFault,

CharacteristicOf

Cause

Type fault }
" hasCause’

equipment life cycle stage provided by the appropriate
“PartOf” relationship.

Fig. 4 does not completely reflect all the relationships
that exist in the domain, in particular, the axioms of
classes and instances.

Ontology metrics for BFO and Domain ontology lev-
els are shown in the table 1.

Table 1 — Ontology metrics

Ontology metric Quantity
Class count 42
SubClass 45
Relation 84

The quantity of used Relations is shown in the table 2.
From the given tables it is possible to draw a conclusion
that implementation of the developed ontologies signifi-
cantly saves time for development and description of
separate ontologies and provides compactness of ontology
and variability of decisions.

\ Life cycle of
y tﬂupment/,
rdfs:subClassOf rdfs:subClassOf

. Metrological \\  /“Life cycle stage of \
ServiceO service /' \ control equipment

T hasState

PartOf.

CallOf

Figure 4 — A fragment of the relationships between Domain ontology classes

Table 2 — The quantity of Relations by type

Relation Quantity
is_a 20
has_part 17
has_function 7
has_property 21
has_standard 11
has_state 3
has_location 5
other relation 18
6 DISCUSSION

Experts conducted the testing based on inquiries about
the types, types of failures, their location, etc. A certain
list of criterions was evaluated according to the results of
the testing. The expert assessment was conducted by a
group of 7 experts, selected according to the general re-
quirements for their qualification among specialists and
future users. Expertise was conducted in the form of a
group assessment with simultaneous analysis of the com-
petence of experts.

The results of expert assessments are shown in the di-
agram in Fig. 5. The average number of queries of each
expert is 48, and the uniqueness of queries is 21%.

1
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07 +

06 -
ot
E 05
504
$03-
]
>02

0,1

0 T T
Vrl Vr2 vr3 Vrd Vr

Type criteria

5

Figure 5 — The results of expert assessments

The concordance coefficient in the group W = 0.927,
which indicates a high consistency of experts’ opinions.
Therefore, the developed Domain ontology is semanti-
cally successful, although it requires a slight increase in
the assessment of the quality criterion (Vry).

It should be highlighted that the adaptability of the
developed ontology is limited due to the use of not only
general and standard ontologies, but also self-developed
ontologies and its specific domain orientation limited by
failures in food industry.
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The result of consistency assessment is positive. Do-
main ontology does not contain critical problems: cyclic
hierarchies of classes, redundant axioms, logically incom-
patible definitions of concepts and relations. The ontology
is also successfully tested for the accuracy and complete-
ness of the domain for the developed IDSS with the
equipment condition monitoring subsystem by stake-
holders. The adequacy of compliance with the basic con-
ceptual model of the developed system, the correctness of
definitions, concepts and relationships are confirmed.

CONCLUSIONS

As a result of this work, Domain ontology for condi-
tion monitoring system of control equipment and devices
is developed based on BFO. Domain ontology systema-
tizes and formalizes domain knowledge and data and is
the basis for defining individual enterprise tasks imple-
mented by IDSS based on application ontology.

The scientific novelty. For the first time Domain on-
tology was developed for condition monitoring system of
control equipment and devices, based on modern indus-
trial standards, taking into account the features of failures
of control devices, which allowed to formulate and pre-
sent domain knowledge and data and systematize the do-
main for further development of an intelligent decision
support system for condition monitoring.

The practical significance. The developed ontology
identifies the objects and processes of equipment condi-
tion monitoring domain such as states and stages of the
equipment life cycle, causes and locations of failures, etc.
which provide a basis for collecting the necessary infor-
mation in one place and a quick search for data about
failures and their causes. Because of semantic relations
between objects and processes as well as considerations
about physical model described in ISA 106, ISA 88 and
role-based equipment hierarchy model described in ISA
95 and features of equipment in food industry, developed
Domain ontology, which consist of 171 entities, provides
necessary logical chains for timely failure identification,
prevention of serious failures and downtime reduction.
All of the above will define the new management of the
equipment condition monitoring, which will lead to an
economic effect.

Prospects for further research. The developed Do-
main ontology is the basis for the development of an ap-
plied ontology of actual production tasks which are re-
lated to the construction of industrial intelligent knowl-
edge bases and ontological repositories.
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AHOTAULIA

AxTyanbHicTs. Cy4acHi IHTENIEKTyalbHi CHCTEMH 1IeHTH(iKamii IOJIOMOK TEXHIYHHUX 3ac00iB aBTOMAaTH3aIlil XapuoBOi IIPOMHC-
JIOBOCTI OyIyIOThCSI Ha KOMIUICKCYBAHHI ITiIXOJIB, IO peatizoBaHi HA Pi3HUX MeTojax i anroputMax. OCOOIMBICTIO TAKUX CHCTEM €
Te, 0 B X MeXax (YHKI[IOHY€ BEJMKA KiTbKICTh PI3HOPIIHUX JAHUX 1 3HAHb, SIKi BXKKO MOEJIHATH MiX c000r0. BUKOpUCTaHHS OH-
TOJIOTiH Pi3HUX PIBHIB IPH PO3POOLI CHCTEMH BUPIILYE NaHy IPoOIeMy.

Merta. [ToOynoBa OHTOJIOTIT IpeaMETHOT 00IaCTi /ISl MOHITOPUHTY CTaHy OOJaIHAHHSI, [0 € OCHOBOIO JUISl TIPOSKTYBAHHS iHTe-
JIEKTYaJIbHOT CUCTEMH MiATPUMKH NPUHAHATTS PIlICHb 3 OHTOJIONYHOIO 0a3010 3HAHb.

MeTton. [cHYOTE pi3HI miaxoau 10 mo0yI0BU OHTOJIOTIH. B 3a1e)HOCTI Bif CKIagHOCTI 3a1a4i 1 00paHOro crocody MpoeKTyBaH-
HSl OHTOJIOT1 BOHH MOXYTbh BiIPi3HATHUCS KITBKICTIO PiBHIB Ta BUAIB OHTOJIOTiH a0 SBISATH COOOI0 OETHAHHS OHTOJOTIN MpeAMeT-
HOi Ta mpoOsieMHoO1 obnacTelt. B naniit poboti chopmoBaHa TpUpiBHEBA OHTOJIOTIS, IO MPOEKTYETHCS IS IHTEIEKTYaIbHOI CHCTEMH
MOHITOPHHTY CTaHy TEXHIYHUX 3ac00iB aBTOMarH3alii. BepxHiil piBeHb IpEICTABICHO OHTOJOTIEI0 BepXHBOro piBHA Basic Formal
Ontology, 1o 3abe3nedye cUCTEMaTH3al[iI0 METapiBHs, BKIIOYAIOYH TEMIOPAIbHY YacTHUHY. [Ipu HpoeKTyBaHHI Apyroro piBHS —
OHTOJIOTIH TpeaMeTHOI obyacTi, BpaxoBaHo MixHaposaHi ctanmaptu: IEC 62890, ISO 55000, ISA 106, IEC 62264, ISO 10303-
242:2020.

Pe3yabTaTi. B cTaTTi HaBEACHO OHTOJOTIO HpeAMETHOI 00IaCTi AT CHCTEMH MOHITOPHHTY CTaHy OOJaJHAHHS XapyoBOi raiy-
31, sIka CHCTEMaTH3Y€ Ta CTPYKTYpY€ iHXKCHEpHi 3HaHHS. Po3pobieHa oHTooris mpenmMeTHoi o0macTi BukopuctoBye Basic Formal
Ontology, sika Hagae HaOip 0a30BMX €IEMEHTIB Ha MeTapiBHI. BOHM 3a/1al0Th 3HaYEHHS BHIUICHHX CYTHOCTEH: BHA BHPOOHHUIITBA,
METOJY BH3HAUCHHS IOJIOMOK, NPUYMHHM, MOJOMKH, TOAil, obmagHanHs Tomo. OHToOriS po3pobieHol mpexMmerHoi obnmacti Mae
BBE/ICHI CEMAaHTHYHI IepexpecHi 3B’s13ku. Takoxk B poOOTi HaBeAeHO ()parMeHT BiHOIICHH B OHTOJIOTII IIPeMETHOI 001acTi cucTe-
MU 11t mikracy TexHidHi 3aco6u aBroMaru3anii kinacy OGuaHaHHS.

BucnoBkn. Jlana oHrtosoris Moxe OyTH BUKOpPHCTaHa ISl aHaNi3y 0a3W 3HaHb 3a MPUYMHAMH, MICISIMH Ta BUAAMH ITOJOMOK i
METOJaMH iX BU3HAUCHHS, Ta € OCHOBOIO ISl PO3POOKH IPHUKJIIaJHOT OHTOJIOT.

KJIFOUYOBI CJIOBA: ouTosnorisi Bepxuboro pieusi, BFO, onToNOris peMeTHOi 001acTi, MoIoMKa, TeXHI4HI 3ac00u aBTOMa-
TH3aLii.
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AHHOTAIUSA

AxTyanbHOcTb. COBpeMEHHBIE HHTEIUIEKTYaIbHBIC CHCTEMBI HACHTU(HUKAIINN MOJIOMOK TEXHHUECKUX CPEACTB aBTOMAaTH3ALUH
MUIIEBOH TPOMBIIUICHHOCTH CTPOSATCS Ha KOMIUIEKCHPOBAaHUH MOAXO/O0B, PEaTM30BAaHHBIX HAa PA3IMYHBIX METOJAX U alTOPUTMAXx.
OCco0GEHHOCTBIO TAKUX CHUCTEM SIBIISETCS TO, YTO B HMX Ipezenax (pyHKIHMOHUpPYeT OOJbIIOE KOJMYECTBO PA3HOPOIHBIX TAHHBIX H
3HaHUH, KOTOPBIE TPYJHO COBMECTHTH MEXIy coOoi. Mcmomp3oBaHne OHTOJOTHH Pa3IMYHBIX yPOBHEH IpH pPa3pabdOTKe CHCTEMBI
peliaeT JaHHyIo Ipooiemy.

Leab. [TocTpoenre OHTONIOMU TPEeIMETHOH 00JACTH JJII MOHHUTOPHMHTA COCTOSHHMSI O0OpPYJOBAaHWUS, SIBIISIETCS OCHOBOW IS
MIPOEKTUPOBAHUS HHTEIUIEKTYaTbHONW CUCTEMbI MOJACPKKH IIPUHATHS PEIIeHUH C OHTOJIOTMYECKOM 0a30i1 3HaHUH.

Metoa. CymmiecTBYIOT pa3iH4YHbIE MOAXOABI K MOCTPOSHUIO OHTOJOTUH. B 3aBHCHMOCTH OT CIOXKHOCTH 337a4yd M BBIOPAHHOTO
croco0a MPOEKTUPOBAHUS OHTOJIOTUH OHHM MOTYT OTIMYATHCS KOJTMIECTBOM yPOBHEH M BHIOB OHTOJIOTHH MM MPEACTABIATH COOOM
coYeTaHWe OHTOJIOTHI MpEeIMETHOW W MpoOJIeMHOH obnacteil. B manHO# paboTe copmupoBaHa TpeXypOBHEBas MPOCKTUPyeMas
OHTOJIOTHS JUISl MHTEIUICKTYalbHOM CHCTEMbI MOHUTOPHHIA COCTOSIHHS TEXHHYECKHX CPEJICTB aBTOMAaTH3alMu. BepxHuil ypoBeHb
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IIPE/ICTaBIICH OHTOJOTHEeH BepxHero ypoBHs Basic Formal Ontology, uro oGecrneunBaeT CHCTEMATH3AIMIO METaypOBHE, BKIIIOYAs
TEMIIOPAJbHYI0 4acTh. [IpH NPOEKTHPOBAHMM BTOPOTO YPOBHS — OHTOJIOTHM IPEIMETHOW OOJACTH, YYTEHBI MEXIyHapOIHbIE
crangaptbl: IEC 62890, ISO 55000, ISA 106, IEC 62264, ISO 10303-242:2020.

PesyabTarbl. B crarhe mokasaHa OHTOJIOTHS IPEIMETHOH OOJIACTH IJI8 CHCTEMbl MOHHMTOPHMHIA COCTOSHHUS 00OpYJNOBAaHMS
IIUIIEBOH OTPACIH, KOTOpas CUCTEMATH3UPYET M CTPYKTYPUPYET MH)KEHEepHble 3HaHMS. Pa3paboTaHHas OHTOJIOTHS NPEIMETHOW
obmactu ucnons3yer Basic Formal Ontology, koTopas mpenocTtaBiseT HaOOp 0a30BBIX dJIEMEHTOB Ha MeTaypoBHe. OHH 3aJaroT
3HAYEHMS BBIJICIICHHBIX CYIIHOCTEH: BHJ ITIPOM3BOJACTBA, METOIbI OINPEACICHHUS II0JOMOK, INPUYMHBI, IOJOMKH, COOBITHS,
obopynoBanust. OHTONOTHS pa3pabOTaHHOH IMpPEIMETHOH 00NacTH BKIIIOYAET CEMaHTHUYECKHE INEpEeKpPECTHHIE CBs3H. B kauecTse
npuMepa, IpUBeAeH (parMeHT OTHOIICHWH B OHTOJIOTHH HMPEIMETHOH 00JacTH CHCTEMBI [UIS MOAKIAacca TeXHWYECKHe CpPelCTBA
aBTOMaTH3auuu Kiacca O0opynoBaHuUe.

BriBoasbl. [laHHas OHTOJIOTHS MOXKET OBITH MCIOIB30BaHa AUl aHaIK3a 0a3bl 3HAHWH 110 MPUYMHAM, MECTaM M BHJIaM IT0JIOMOK H
METO/IaM UX OIIPEe/IeNeHH s, ¥ ABISACTCS OCHOBOM [UIsl pa3pabOTKH NPUKIAJHONW OHTOJIOTHH.

KJIIOYEBBIE CJIOBA: onrtonorus BepxHero ypoBHs, BFO, oHromorus mpenmeTrHol o007acTH, NOJIOMKA, TEXHHYECKHE
CpeJlCcTBa aBTOMATH3ALMH.
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