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Abstract

Purpose: The purpose of this article is to develop an information system for decision support and automation of control
of the aircraft engine TV3-117 in critical situations based on knowledge engineering. Methods: The following methods
are applied in the article: simulation modeling method at the stage of designing an information system for decision
support; special methods and means of object-oriented modeling of the subject area, which are developed for the
design of information systems in order to recreate the conceptual model of experts in a formalized model of knowledge
representation; hierarchical search method to search for use cases; ontological analysis with the aim of identifying and
combining relevant information-logical and functional aspects of the system under study. In the modeling process,
paradigmatic relationships are established between the cognitive elements of the process of controlling a complex
dynamic object in critical situations (cause-effect, similarities), as well as generalization, association, depending on the
implementation, necessary for the development of a complex of object-oriented models of the control process. Results:
The conducted studies show that an additional analysis of all the possibilities of the applied knowledge representation
models is needed to solve specific problems in the considered problem area. The methodology of object-cognitive
analysis is the basis for creating an information system for decision support, including the intellectual component of the
acquisition, accumulation, processing, provision, updating and dissemination of knowledge. The obtained object-
oriented models of the subject area and ontology of the decision support system are the basis for the development of
methods and algorithms for finding management solutions in critical situations. Discussion: The results obtained are
applied within the framework of the concept of intellectualizing the process of control and diagnostics of the TV3-117
aircraft engine technical state in flight modes, one of the points of which is the intellectual processing and storage of
information about the results of flight tests and operation of the TV3-117 aircraft engine based on the requirements of
modern databases and knowledge bases, with the possibility of their integration into modern CASE-technologies.
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1. Introduction safety level likelihood of emergencies in flight due
to the power plants failure is quite small. However,
international practice of operation of aviation
systems shows that the possibility of occurrence of
critical situations is not excluded, especially taking
into account the intensity of air traffic.

Critical situations (COP) arise due to the adverse
effects of the environment, the failure of hardware
and software, human error, resulting in disruption of
the restrictions imposed on the operation
characteristics of the object of the process [1-3]. In
case of failure to make timely and correct governing

One of the main objectives of improving the
complex objects control system is to ensure the
safety of their operations and the restoration of their
performance in critical situations. Modern aircraft
gas turbine engine is a highly reliable complex
technical system. Improvement of aeronautical
engineering and ground handling services,
increasing the efficiency of management TV3-117
aircraft engine control, improving the quality of
training of flight personnel and compliance with
safety contribute to the fact that in the modern world
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decisions, the critical situation can lead to an
emergency or disaster, with implications in the form
of threats to health and people’s life, as well as
considerable material damage due to the increase in
the number of rejected takeoff and flight delays.
Therefore, increasing the efficiency of decision
making under uncertainty information about critical
situations, lack of time is a crucial moment in
securing the functioning of such complex objects
such as aircraft engines.

Macroprocess decision in a critical situation
comprises the following steps: detection of critical
situations; collection and analysis of information
about emergencies; recognition of critical situations;
certain situations management purposes when
solving problems; development of performance
evaluation criteria for decision-making; generating a
list of possible solutions; forecasting the effects of
management decisions; assessment of options; plan
of action to eliminate the critical situation;
realization of control actions and monitoring their
effectiveness. The processes of functioning of
objects in the real critical situations often occur
under conditions of nonmodelable external
perturbations and internal changes of the object. The
complexity of the activities of the pilot assessment
of critical situations arising in aircraft systems is the
reason that, according to studies, held in Ukraine
and abroad [4-6], about 80 % of accidents and
disasters is due to human error (probably provoked
by equipment failures or adverse weather
conditions). Therefore, it is necessary to help the
flight staff to recognize the critical situation properly
and make the right decision for the aircraft
management.

2. Problem statement

The state of the managed object at each point in time
t; is  determined by variables

X(t)= (x_/. (ti))T, J =1 ...n, where n — the number

vector

of variables of the object state. Information about
the state of the object from the sensor and the object
measuring system from the operator, observations
are recorded at discrete points in time and
characterize the trajectory measurements, defining a
plurality of states of the object

S(X)z{?(ti),t,e[to,TH]}, where Ty — time of

observation. According to the above definition, the
combination of state of the object, resulting from

failures, human error and/or adverse effects of the
environment creates a critical situation. Model
dynamics changing situations in the management of
the object out of critical situations — is a situational
network, the presentation of which is a directed
graph with vertices corresponding to the reference
description of the state of the control object, and
edges corresponding to the transition from one state
to another — results of action on the basis of
decisions taken and/or the external environment.
Situation parameters are: Y(f) — multiple output

(observed) variables that reflect the state of Y(ti)

object (system) and fixed on the observation time
interval Ty uelU;

deceD:; criteria of management efficiency A€ A ;

control actions solutions

exogenous factors £ e E (external effects, acting as

the cause of critical situations); endogenous factors
f eF (Component failures of the control object,

data conversion and transmission errors, subjective
operator error).

Let G)(X) € S(X) be an area of safe states of the

object (corresponding to normal, a normal mode of
functioning), and the area I'(X) be an area of critical
states (corresponding to the non-standard mode).
The boundary T'x#(X) represents the object to
transition from safe to the critical mode of operation
(or vice versa). The boundary I's(X) region I'(X)
represents the transition from critical conditions to
emergency ©(X) when the object becomes
unmanageable and return it to the critical and
security regime is either absolutely impossible or is
accompanied by partial destruction of the object. A
simplified example of a possible critical situation of
a change of the variable x(7) in the state space of the
object under uncertainty, with an error evaluation

variable A =x(t)—;c(t) is shown in Fig. 1. In case

of violation of the normal operating mode, ef the
object enters the area of the security status of @(X)
in the area of critical situations (curve Fo—F). Then
the process may go different ways. In the event of
the timely and correct decision, the object may
return to a safe state (curve F—F3), otherwise the
process could become unmanageable, and the object
will be in the field of emergency situations
(curve F1—F>»).
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Fig. 1. Security and the critical states of the object

Operation of an aircraft engine TV3-117 as a
complex dynamic object in critical modes
characterized in that the selected object state
variables in the dynamics exceed their critical values
corresponding to their values at the border of 7(X).
We select from a set of variables that make up the

vector object's state X (#,) a subset of X, c X state
variables that may change in its reach critical
(invalid) value X. Then X el(X), a
X\X{ e ®(X ) For an aircraft to such variables

include, for example, the motion parameters. For
aircraft engine compressor TV3-117 the degree of
compression, the gas temperature before the turbine,
the magnitude and the rate of change of fuel flow in
a combustion chamber, a turbocharger speed, etc.

Let I, [ yi(t)eY (t):l be the amount of information

required to recognize a class of critical situations
from the measured values of the output variables

{ yl.(t)}. For the formation of the administrative

decision di(€2) also need to know a lot of resources
Ry, suitable for taking the object out of critical
situations.

Thus, the critical situation is characterized by a
violation of maximum permissible values of one or
multiple object state variables (Fig. 1).

Such violations can be described by the predicate
Pi(E»j), where P; — predicate symbols, E,; — events
violations of the boundary I'(X), denoted by binary

relations x,, = X1, x,. <X, , x,>X, etc., where
Xis XXy € X, X X, X €T (X). Detection of
events and analysis of critical situations needs to
install disorders facts limit values of state
parameters of the object, as well as the possible
causes disorders (e.g., any current state of individual
subsystems of the helicopter maneuvers and external
disturbances can lead to disturbance).

Let Q,(¢)={u,(t)] be a set of admissible
controls in a critical situation, belonging to the set
U(?) control actions, i.e, €2, (t) c U(t). Let pi(X) be
function of monitoring in a critical situation,

connecting the output variables to the state
variables:

o, T, xX->Y. (D)

Let /() be a function of the transition of object
region I'(X) to ®(X) under the action of the set of
permissible controls :

h(t): T, x X, xQ, > X cO(X).  (2)

The function /(¢) describes the function of the
object control (system) in critical situations.

To form the control function di(€) in critical
situations, it is necessary to know the time reserve
Atye; in critical situations, the deviations of the
variables xi(f) from the boundaries of the I's(X)
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and/or I'u(X):
and &, =x, () —x; .

Exogenous factors &eX (external influence)

Oy =X, — x}gs (FH )

and endogenous factors f € F (component failures

of the control object, data conversion and
transmission errors, subjective operator error) form a
plurality of reasons ¢e@, that lead to the

emergence of critical situations at the facility. It
should be noted that some types of these reasons
(e.g., adverse effects of the environment, equipment
failures) is deformed region I'(X) and ®(X), change
the set of permissible controls . For example, in
case of failure of the power plant or at some strong
turbulence of the atmosphere above, the safe flight
of the aircraft modes become invalid. Changes of
X(9), O(X), I'(X) and Q(¢) — is a random process, the
specific implementation of which depends on the
phase of the object, environmental changes, the
characteristics of that particular object, indications
of measurement noise.

However, despite the variety of possible concrete
manifestations of critical situations, decision maker,
it has a limited set of management solutions for the
withdrawal of an object from critical situations. For
aircraft, for example, a change of mission, or the
path of movement, change of aerodynamic
configuration of the aircraft, turn off the failed
subsystems.

The human operator decides based on the
identification of critical situations together the
specific characteristics of the management class with
some critical situations. Thus, suppose that the area
I'(X) can be divided into disjoint regions compact
plaster T'(X), each of which corresponds to a
particular class of critical situations:

r(x)=UJr,(x)Nr, (x)=2;i £/ €)

Classification is done in such a way that each
class corresponds to the same or similar set of
control  solutions and action for their
implementation. The problem of decision making on
di(Q) facility management in critical situations is to
form the allowable time period such algorithm
impact on the parameters of the state of the object
controls, a change which clearly would translate an
object from a critical to a safe state.

Let the object as a result of the adverse effects
#i(t1) be in one of the critical conditions, i.e., there
was at least one event E,;. The critical state is
detected based on the measurement information

I, [ y,(t)eY :| It is necessary, taking into account
available resources R for a specified time interval
t, —t, <At,, dxto decide and implement the impact

on bodies Q(t, £,) control to the object at the time #,
was in safe condition ®@(X):

d, =D[t,t,,At,,, . X, ()., (9.65.5, )-8 (1.5,).T,(X) =T (X),0(X )0, |. 4)

This definition of decision-making in critical
situations is methodological in nature and gives an
idea of the complexity of the problem being solved.
The decision-making algorithm for transferring an
object from a critical to a safe state can be
represented in a simplified form:

d (Q):T(X)eX, (z)ﬂi(;)X(t) €0(1). (5

The boundary of I'(X) cannot be expressed
directly in a measured parameter. In general, you
can apply three basic approaches to reflect the
tolerance range borders of the states of complex
dynamic object:

— selection of a single variable x(¢), a critical
value which is taken as the main feature, and
fixation (or regulation) of the values of other
variables in the form of limiting conditions;

— approximation hypersurface boundary
separating the area of the security status of the

system and the area of critical states, as a function of
the critical values of multiple variables of the system
state;

— building integrated (generalized) characteristics
of several variables or their critical values as a safety
indicator state complex dynamic systems.

For complex dynamic objects, as a rule, tend
analytical expressions for separating I'm(X) and
I's(X) are missing, since the vector X contains both
instrumental (quantitative), and not instrumental
components (logic, linguistic variables, character
terms). In most cases, only some functions of I'x#(X)
and T'3(X) on the finite set of points X* < X or
experimentally derived partial dependence of the
critical values of the state variables from some
arguments are known. To construct dividing
functions using heuristic methods, such as methods
of assessing the formalization of human capabilities
and the formation of expert judgment.
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In determining the violation of the boundary of
permissible states the time of an emergency is
detected. The next stage of the process control in
critical situations is the decision point for the
management of complex dynamic system output of
an emergency.

Thus, the overall cycle model of decision-making
in critical situations can be presented in the form of
spatial multidimensional structure of the system of

knowledge: S'Z{S,M,A,E,D,X,G}, where S —

initial critical situation, S" — situation resulting from
the decision made, M — plurality of models of the
critical situation, 4 — set of alternatives of a critical
situation development, £ — set of evaluation criteria,
D — set of solutions, X — plurality of states of the
object, G — purpose management object.

Classical formulation and management problem
solving of complex dynamic systems based on
continuous mathematical models in the form of
certain equations of the dynamics of the controlled
process. Many of the technical management of
objects identified by experts in the relevant subject
areas, and are described by mathematical models
which permit the study in order to achieve stable and
sustainable functioning of objects and solving
optimal control problems [2, 7-10].

Complex systems management process in critical
situations is characterized by: the uncertainty and
lack of knowledge about the characteristics of the
object in critical situations, goals and management
of resources, including time, and other types of
uncertainties; the problem of choosing the most
informative features of critical situations of a large
number of state parameters of the object, which can
be prepared and analyzed for a limited time; the
need to analyze a large number of signs of critical
situations qualitative nature, poorly amenable to
analytical processing; lack of time to make decisions
and significant psychological stress on the operating
personnel.

To solve the management problems of dynamic
systems under uncertainty, scarcity of resources and
unforeseen emergencies, methods for identification
management of inaccurately specified object,
methods of the theory of adaptive systems and
adaptive control techniques to prevent critical
conditions of dynamic objects in conditions of
uncertainty [2] have been developed. Conceptual
bases of the organization of intelligent control of
complex dynamic objects are presented in [11].
Situational management tasks for complex systems
"at variance" with the current state of the system in

critical situations are discussed in [2, 12, 13].
However, as to the management of complex
dynamic systems, there are unsolved problems,
conditioned by the necessity of active and
purposeful accumulation, analysis and application of
variable knowledge about management processes in
critical situations.

In-depth analysis of a number of accidents has
shown that 80 % of the guilt of the flight personnel
is actually a measure of the share of disasters and
accidents in which pilots were able to fend off the
emergence and deepening particularly dangerous
situation, but they failed [4-6]. Consequently, in
many critical situations do exist management
resources, the use of which, subject to the timely and
correct management decisions would remove a
critical situation, preventing it from escalating into
an emergency situation, and to transfer control
system to normal operation. Making the right and
timely decisions by the operator must be supported
by the provision of information, containing a
possible alternative solutions, developed as a result
of instrumental analysis of the critical situation
arising, as well as based on the knowledge in the
management objects accumulated experts. It is
therefore very urgent problem of decision support in
critical situations using Intelligent decision support
system based on the principles of engineering
knowledge in the subject area.

3. Materials and methods of research

A promising approach to the organization of
decision support in the management of the operation
of an aircraft engine TV3-117 in flight modes is the
use of knowledge representation standards, based on
Semantic Web.

As a result, the problems of system analysis
support decision-making in the governance process
in emergency situations developed a methodology
for object-cognitive analysis [3], including the
principles, model structure for the creation of
information decision support system. Methods of
development of an information decision support
system, in accordance with the principles of object-
cognitive analysis, including the main stages (fig. 2):
Development of the process of object-oriented
model of managing a complex dynamic object in
critical ~ situations; ontological analysis and
development of an ontological knowledge base;
formalization of ontological knowledge base using
the descriptive logic; Data Mining for the purpose of
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classification of precedent critical situations;
implementation of information decision support
system, including the development of algorithms
and software develop recommendations for
decision-making in critical situations and user
interface; assessment of the effectiveness of
information decision support system.

Based on the analysis results of evaluating the
effectiveness of decision support, improvement of
the quality of knowledge of information systems is
made to support decision-making through the
evolution of the knowledge contained in the case
law of the critical situations in the management

rules, which allows to improve the understanding of

evolutionary  problems and make effective
management decisions. In the simulation, the
information decision support system special

methods and tools for object-oriented modeling
domain are used, designed for the design of
information systems, to recreate a conceptual model
of the experts in formal knowledge representation
model. The principles of knowledge representation
using UML object-oriented modeling language
(Unified Modeling Language) [3]. Models allow for
the early stages of design to form a kind of
formalized knowledge base of the processes
occurring within the subject area. During the
simulation set paradigmatic relations between the
cognitive elements of the process of managing a
complex dynamic object in critical situations (cause
and effect, similarity relations), as well as relations
of generalization, association, dependency and
implementation necessary for the development of a
set of object-oriented model management process.
model structure. During the simulation set
paradigmatic relations between the cognitive
elements of the process of managing a complex
dynamic object in critical situations (cause and
effect, similarity relations), as well as relations of
generalization,  association, dependency and
implementation necessary for the development of a
set of object-oriented models of management
process. During the simulation, paradigmatic relations
between the cognitive elements of the process of
managing a complex dynamic object in critical
situations (cause and effect, similarity relations) are set,

as well as relations of generalization, association,
dependency and implementation necessary for the
development of a set of object-oriented model of
management Model structure

DClass = {C(AC,O),RX (Role,Mult)} contains des-

process.

criptions of abstracted concepts and entities C, € E,

which are the basic objects of the subject area and
determine the relationship between them. Fig. 2
shows the architecture model of information
decision support system.

Developed for a specific domain class structure
(Fig. 3) includes meta-knowledge (knowledge about
knowledge stored in the knowledge base, defining
what is meant by rules and precedents, which classes
of situations they are designed as interconnected and
how to find them) and specific subject knowledge
(management knowledge in specific emergency
situations). Specifics charts database classes
knowledge meets the prevalence of certain types of
relations between classes, logical and associative (to
speed up the search for relevant knowledge).
Modeling of such a relationship is achieved as a
built-object modeling means (Introduction of
generalization  relationship,  dependence  and
association) and the introduction of special
designations for paradigmatic relationship between
domain concepts (causal relationship, similarity
relationships).

The advantage of the model is to describe the
relationships between classes of objects, allows the
formalization of knowledge representation. On the
basis of the data mining describing preceding critical
situations (Fig. 3), attribute list (informative
attributes) of selected classes of critical situations
has been set. As a result, we developed a model for
the class hierarchy situational knowledge base with
baseline values and specifying the types of objects
attributes. Thus, the class attributes are precedent
emergency signs, weight characteristics, the units
and the time limit within which the actual set values
of attributes and the associated operations (methods)
comparing the signs of the current situation and the
precedents methods of obtaining an emergency
signs, of standardization of signs and so on.



44 ISSN 1813-1166 print / ISSN 2306-1472 online. Proceedings of the National Aviation University. 2020. N1(82): 38-50
r-— = I
I o I
[ Critical situations - <!
™ Management rules [*1
| precedents ontology |
A
Object model <_: :
: Management ontology :
I in critical situations I
T |
Performance .. > Data mining
. Training module >
evaluation module module
3 5 X
| I
Adaptation module [ Flndl;go(sigllzuons N User interface

Fig. 2. A model of architecture of information decision support system

Goal - Situation [ Crltlgal
situation
) y
Attribute < Attribute [«  Object [« Precedent
value
L] —— ¥
Limitation Relationship | Relationship
value
y |
> Event Role Condition Solution
search
) ¥ I 1
External Internal
Rule
event event
I I
Power point Conclusion P  Solution
)
TV3-117 Information display and control
aircraft engine| system

Fig. 3. Model ontology management in an emergency

For a description of intellectual decision support
system dynamics behavior diagrams were used,
which are divided into: state diagrams, activity
diagrams, interaction diagrams (consisting of

diagrams and sequence diagrams of the
cooperative). Design of information decision support
system should take into account the timing
requirements of its functioning. In [3] a method
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based on allocation in the expert system of four
levels of search solutions is proposed. The first level
uses a conventional logic signal generation on
failures or trespass the area safe state of the control
object, and subsequent levels work with the
knowledge base, and the data used at each level,
require more time for processing. Such an approach
can provide characteristics acceptable for real-time
performance.  The  proposed  approach is
characterized by the fact that knowledge of the
search hierarchy built not only on time but also on
the degree of abstraction and the level of confidence
in knowledge: the rules to individual cases.

The result of the object-oriented analysis is a set
of  operations acquisition, processing and
presentation metaknowledge and problem-oriented
knowledge ® = (¢i,...,pm), the operation ¢; are
encapsulated into respective objects as their own
resources.

The complex models is the basis for the
formalization of the interaction of the components
knowledge base of information decision support
system, which includes the following components:
ontology, rules and precedents. Functioning of
knowledge is seen as the interaction of objects
(situations, rules and case law), which is associated
with knowledge of processing methods: deductive
inference-making, rule-based, or a procedure to
establish the similarity of objects (precedents and
current problem situations).

It is proposed to develop a base of precedents on
the basis of precedents in accordance with the
classification of a plurality of types of output
management solutions of the problem situation.
With each class associated information structures
domain, describing the knowledge about a particular
subdomain — the rules and precedents that inherit
properties of their class.

Rules management in critical situations, there are

many iRz{RulC,RulD,RuZA,RulE}, where Rulc,

Rulp, Ruly, Rulp — sets a critical situation recognition
rules, decision-making, the choice of control actions,
and evaluate the effectiveness of the implementation
of decisions, respectively, that model identified
logical patterns. Rules Re®R defined in the
following form: (S,a,,U,,..a,,U,;R,....B;b,U,,S");
S" — situation arising as a result of the decision; S —
initial critical situation; a, € 4 — preconditions
critical situation; U, e U — assess the extent required
confidence in the premises; b € B — finally, with the

assessment of the degree of confidence Uy; P e P" —
predicates, M > 1, m > 0. U; marks are determined in
accordance with a predetermined evaluation method
of uncertainty of knowledge. Matches if all
prerequisites are proven (with some degree of
certainty) and all predicates are true, that is chosen
alternative solutions contained in the conclusion of
the rule:

R=(S,a,U,,..a,,U,;R,...P,;b,U,,S") = V(1<i<n)3a;

[Set(&,ﬁf)/\di ed AU, e U,} AV(1<j<m)P(dh....dn)- (6)

Search based on precedents, is applied in critical
situations, the complexity of which does not allow
for their constructive formalization, but for which
there is experience (precedents) for their successful
resolution [2, 17, 18]. Precedents of critical
situations are specific instances of objects or events
that belong to this subdomain. Thus, there is a
precedent Case™ combination of the following
objects: <Case name, Z, X", D, E>, where
Case _name — name of a precedent, Z — set of classes
precedents of critical situations, X — set of attributes
describing precedents in the classZ”eZ, D — a
plurality of control of the decisions contained in the
case law, E — set of assessments of the effectiveness
of decisions. For each i-th attribute j-th precedent
of x, € X" determined are: feature type fype_x; and

weight feature w_x;; i=1, ..., n;j=1, ..., J" — number

of attributes describing precedent for a specific class
Z"; J" — class Z" number of precedents in the base
use case. Weight characteristics are determined for a
particular subject area by analyzing the hierarchies
or other known methods of processing expert
evaluations.

Search algorithm of nearest precedents can be
implemented using both deterministic and fuzzy
approaches. A deterministic model search algorithm
Retr of nearest precedents: Retr: Case™ x Q% x
Case®™ — {0, 1}. Stochastic model: Retr: Case® x
0% x Case®™ — P.(Case®), where P(Case) — class
of probability distributions in the set BCase. The
fuzzy model: Retr: Case™ x Q% x Case™ — [0, 1].

The algorithm consists of the following
procedures. First, when the search procedure of the
nearest precedents is initiated, vector X of describing
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the current critical situation is formed. Preparation
of emergency signs is carried out on the basis of
monitoring and diagnosing the technical condition of
aeroengine TV3-117 or by request recommendations
comprising "forming" characteristic values.

Information space for knowledge representation
in critical situations is organized on the basis of
ontology management. Ontology — a model of
knowledge, formally submitted on the basis of
conceptualization [14]. Conceptualization involves
description of the set of objects and concepts,
knowledge about them and the relationships between
them. An ontology provides a common vocabulary
for control tasks, defines the semantics of messages
and is responsible for the interpretation of the
message context. Ontology analysis — analytical
work to determine associations and relevant
information and logical and functional aspects of the
system under investigation in the corresponding
ontology content [14]. The basis of ontological
analysis is the structure of concepts of information
decision support system developed in the form of
class diagrams. For clarification and development of
ontological analysis, a complex method of extracting
concepts is proposed, integrating the analysis of
complex object models based on the knowledge and
experience of experts and automated linguistic
analysis. Methods of extraction of terms of entities
and relationships between them were analyzed and
the basic: extracting terms and their relationships
and refinement based graphic hierarchies of object-
oriented model; extraction of relations based on
inductive logic, a term taken from the glossary of
object-oriented model of the dictionary and may be
adjusted manually; automatic selection of terms and
relations based on linguistic properties and the
inheritance  hierarchy of nouns; clustering
compatibility terms describing the nature, heuristics,
based on linguistic dependence relation, general
rules of association based on machine learning.

An ontology defines a common information
space in which the various models of representation
of knowledge about the management processes are
integrated, of complex dynamic management of a
specific area of the object in the critical situations,
presented in the form of ontology Onto®"™' and
Onto™”, rules of management in critical situations
and use cases specific emergencies that require
action . Ontology decision support includes a top-
level ontology (metaontologies) Onto™*, ontology
management in critical situations Onto“"" and
ontology stages of analysis of critical situations, find

solutions, the choice of control actions, their
implementation and evaluation of the effectiveness
of the various subsystems of the control object
Onto™ :

Onto = <Ont0”’e"’ ,Onto""”! ,{Ontof”” } ,InfD>; (7)

where InfD — conclusions models recommendations
associated with the ontology Onto system.

Entities are metaontology Onto™* terms such as
"object", 'attribute", '"value", "attitude", etc.
Ontology Onto®"™ describe the management
process in critical situations include classes such as
"reliability", "security", "critical situation", "Tag",
"reason", "Aftermath", "Resolution", "Action",
"Failure" "failure Rate", "Fault", "Status", "Control"
et al, and is organized on the model of
metaontology Onto™".

Subject Onto”” ontology concept comprises
characterizing features of the process management
semantics complex dynamic object in an emergency
("Information Display System", "sensor", "Controls"
et al.), Structured according to a hierarchy
established for a particular object. The structure of
the subject area assumes the presence in the
ontology of inheritance relationships, static
aggregation, as well as several types of associative
paradigmatic relations: relations of aggregation,
cause-and-effect relations, relations of similarity,
semantic similarity relations. Filled objective
Onto™” ontology can be considered as a knowledge
base component to work with a particular subject
area and is, in turn, is the template for constructing a
dynamic knowledge base component,

The domain ontology is represented as a set of

elements: Onto™ =<C,Pr,V,1,R,Ax,D>, where C

— plurality of grades {Ci, C..., Cu}; Pr —
properties; V' — property values; / — plurality of
instances of a class, or examples {/,, b,..., I}, R —
set of relations {Ri, Ra,..., R,}; Ax — set of axioms
{Ax1, Axz,..., Axn}; D — plurality of output
algorithms ontology {D:, D»,..., D,}.

Description is made in the language of ontology
OWL DL (Ontology Web Language based on
Description Logic). The main content of the
ontology is represented as a logical theory that is
reflected in the facts and axioms that provide
information about the classes, properties and
instances. The ontology applied several kinds of
facts. The first type describes information about a
specific instance in the form of classes to which it
belongs, the instance properties and property values.
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Axiom identifiers associated classes and properties
by partial or complete specification of their
characteristics, providing information about the
classes and properties, on which to determine the
consistency, the withdrawal ontology. The ontology
axioms Onto™” contains the class hierarchy, axioms
describe the relationship of association, the axioms
imposed on the property.

Completeness and accuracy of the developed
ontology is necessary to assess, for which logic
modeling of knowledge presented in ontology is
done. Translation Ontology in the descriptive logic
of the Horn can be carried out using special software
— translators with RDF and OWL languages
ontological knowledge base of the Editor ontologies
Protege in one of the languages {Prolog logic
programming, Classic, SHOE) or by writing a
program that contains the axioms of conceptual

ontology scheme and axioms of description of
specific situations and rules. The specificity of the
developed ontology is the definition of a generalized
axioms.

Conceptual axiom schema (set of T-axioms) are
descriptions of classes taxonomic generalization
relationship, representative examples of classes. The
axioms that describe the specific situation of the
subject area and the rules that describe the causal
relationships (set of A-axioms) is displayed in the
rules generated in Protege on SWRL language
(Semantic Web Rule Language). In order to take
into account the numerical values of the properties
of the ontology classes software, except the axioms
and facts used by developed production rules
necessary to recognize the FS, in accordance with
the form (6). The resulting rules are written in the
language of ontological rules SWRL a Horn clause.

Ruled, : C, (?x) nC, (?y) APR(?x,2y)AC, (?x,?z) -, (?z,?y); (8)

where (C,,C,,C;)eC. B eP,x,y— copies of the
variables, the z — variable or value.

Precedent i ( f’”) represented by the formula:

i( < ) =(category,i _name,,Ds,,SI,,Sc;). (9)
To form chains conclusions on the ontology,
leading to the desired goal, e.g., to the recognition of
a critical situation a class as a result of failure
diagnosis used inference. The logical conclusion is
working on the basis of the rules of the resolution.
Existing algorithms for the organization of the
process of reasoning on the ontology does not allow
for analysis and comparison of the properties of type
specimens. Therefore, the proposed form of the
unprecedented critical situations (Casecs) in the base
use case as a class examples of "critical situation"
(Cs) a special kind: Case,, — I, . The set precedents

are classified according to the result of data mining
on CatCs, classes of a plurality of categories

CatCs ={CatCsl,...,CatCsk} ,G=1, ... k, where k —

cardinality of the set of classes of critical situations,
CatCs = UCatng; CatCs, (1 CatCs ;=D i#j. On

the set precedents ratio defined as a binary
classification of the ratio between the elements of
CaseCs and CatCs, which determines the
classification in examples / against categories
CatCs. Categories precedents determined so that
each category corresponds to a specific CatCs,
example solutions in the class "Resolution". The

circuit connections between the nodes, categories
and use cases is a diagram of switching nodes
properties, in which case each class inherits the
properties to which it belongs. Accumulation of
experience in problem situations and its
actualization occur by adapting the decisions
contained in the case law, to the new situation.

Modeling of the interaction of various forms of
knowledge representation was made on an example
of failure detection information display system
elements of the aircraft. Monitoring and diagnostics
of elements of information display systems and
controls is essential to ensure the safety of the
aircraft. Failures of these elements lead to a
complete or partial loss of spatial orientation and
handling of objects, so the timely detection of failure
makes it possible to avoid accidents due to the
reorientation of the management of the remaining
indicators.

4. Conclusions

1. Studies show that more analysis is needed of
all the potential of its knowledge representation
models for specific tasks in the given problem area.

2. The methodology of object-cognitive analysis
is the basis for the creation of information decision
support system comprising an intelligent component
acquisition, storage, processing, providing, updating
and dissemination of knowledge. The resulting
object-oriented domain ontology system and support
decision-making model is the basis for the
development of methods and algorithms of search of
solutions in critical situations management.
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Po3podka indopmaniiiHoi cucTeMu NiATPUMKH NPUITHATTSA pilleHb i aBTOMAaTH3alil yIpPaBJIiHHA
apianiiinum nBuryHom TB3-117 B KPUTHYHHX CHTyalifAX HA OCHOBI iH;KeHepii 3HAHD
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Mera: Metoro maHOi CTarTi € po3poOka iHPOpPMAIIHOT CHCTEMH MIATPUMKH TPUWHATTS pIlIeHb i
aBTOMAaTH3allii ympaBJiHHA aBiarifHuM ABUTYHOM TB3-117 B KpUTHYHHMX CHTYyaIlisIX Ha OCHOBI IHXEHEPil
3HaHb. MeToau: Y cTaTTi 3aCTOCOBAHO HACTYIHI METOJIW: METOJ IMITAalliiHOTO MOJC/IIOBaHHS Ha €Talli
MPOeKTyBaHHs iH(pOpMaIiiHOI CHCTEMH MIATPUMKHA TPUHHATTS pIlIeHb; CHelliallbHi METOAW 1 3aco0u
00’€KTHA-OPIEHTOBAHOTO MOJCIIOBAHHSA TPEeaIMETHOI 00JlacTi, MO0 po3po0ieHI UIsI MPOCKTYBaHHS
iHpOPMAIIHUX CUCTEM 3 METOIO BIITBOPEHHS KOHIICTITYaIbHOI MOJIeNi eKCIepTiB y (hopMaitizoBaHiii Moeni
MpeICTaBICHHs 3HaHb, METOJl 1€PapXiYHOTO MOIIYKY 33Ul MOIIYKY MpeLeACHTIB; OHTONOTIYHUN aHali3 3



S. Vladov, et al. Development of an Information System for Decision Support and Automation of Control
of TV3-117 Aircraft Engine in Critical Situations Based on Knowledge Engineering 49

METOI0 BH3HAYEHHS Ta 00 €THAHHS pEIEBaHTHUX iH(OPMAIIHHO-IOTIYHUX 1 (PYHKIIOHATBFHUX ACHEKTIiB
JOCITIKYBaHOI CHCTeMH. Y TIPOIlECi MOJCTIOBAHHS BCTAHOBIIOIOTHCS MapaJUTMaTHYHI BiTHOCHHH MIX
KOTHITHBHAMH €JIEMEHTaMHU MPOIIECY YIPaBIiHHS CKJIAJIHUM TUHAMIYHAM 00’ €KTOM B KPUTUYHUX CUTYAIisIX
(IpUYMHHO-HACIIIKOBI, BITHOCUHH MOAIOHOCTI), a TAKOX BIJIHOCHHU y3arajJbHECHHS, acolliallii, 3aJIeKHO Ta
peaumizamii, HeOOXiHI UIsI pO3POOKU KOMILIEKCY OO0’ €KTHO-OPi€EHTOBAHWX MOJIENIEH MpPOIeCy yHpaBIiHHS.
PesynbraTn: [IpoBeneHi M0CTIIKEHHS MOKAa3ylOTh, 110 HEOOXITHO JOAATKOBUH aHalli3 BCIX MOXKIHMBOCTEH
3aCTOCOBYBAaHHMX MOJEJied IMOJaHHS 3HAHb JUIA BHUPIIIEHHS KOHKPETHUX 3aBlJaHb B AaHId MpoOiIeMHil
obxacti. MeTomonorisi 00’ €KTHO-KOTHITUBHOTO aHAaJi3y € OCHOBOK PO3poOKH iH(OpMAaIiiiHOI cHcTeMHu
NIATPUMKHA TPUHHATTA pIlIE€Hb, IO BKJIIOYAE€ IHTENEKTyaJbHY KOMIIOHEHTY NpHI0aHHs, HAaKOIMYEHHS,
00poOKH, HAJIaHHSI, TIOHOBJICHHS 1 MOMMpPEHHs 3HaHb. OTpuMaHi 00’ €KTHO-OPIEHTOBaHI MOJIEN MPEIMETHOT
00J1acTi 1 OHTOJIOTIT CHCTEMH TIATPUMKN NPUHHSATTS PIllIEHb € OCHOBOIO TSI PO3POOKH METOIIB 1 alTOPUTMIB
MONIyKYy PpIlIeHh 3 YNOPaBIiHHA B KPUTHYHUX cHTyalisx. OoroBopennsi: OTpuMaHi pe3ysbTaTh
3aCTOCOBYIOTbCS B paMKaxX KOHIICMIIii iHTEeJIEKTyani3amii Mpouecy KOHTPOIIO 1 JIarHOCTHKH TEXHIYHOTO
cTaHy aBianiiiHoro nsuryHa TB3-117 B mompOTHHX peXHMax, OJHHM 3 IYHKTIB SIKOi € iHTEJEeKTyallbHa
0o0poOka i 30epiranHs iHQopMallii pe3yabTaTiB THOTHUX BUIIPOOYBAHb Ta €KCILTyaTallii aBialifHOTO TBUTYHA
TB3-117 Ha oCcHOBI BUMOT cyJacHHX 0a3 maHuX i 0a3 3HaHb, 3 MOXKJIMBICTIO iX iHTerpartii B cydacHi CASE-
TEXHOJIOT1i.

KarouoBi cioBa: apiamiifHuil 1BUTYH, iHpOpMaIliiiHa cucTteMa, 00’ €KTHO-OPIEHTOBaHI MOJEINi, KPUTHYHI
CHUTYyaIlil, OHTOJIOT1s
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Pa3zpaGorka uHQOPMANMOHHOW CHCTEMBI TOJAEP:KKM TIPUHATHS pelleHud M aBTOMATHU3AIUHU
yIpaBJieHUs] ABUALMOHHBIM aBurarejeM TB3-117 B kpuTHYeCKHX CUTYyalMAX HA OCHOBEe MHKEHepHUH
3HAHMH
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Heasn: Llensto naHHOW cTaTbu sBIsETCS pa3paboTka MHOOPMAIMOHHOW CHUCTEMBI MOAJCPKKH TPHHATHUS
pelIeHni 1 aBTOMAaTH3aLMK YIIPaBIeHHUs aBHallMOHHBIM ABuraresneM TB3-117 B kpuTHUECKUX CUTyaluax Ha
OCHOBE MHXXCHEpHHU 3HaHuil. MeToabl: B cTathe mpUMEHEHBI ClIEAYIOIINE METOABI: METOA UMUTALIMOHHOTO
MOJICJIMPOBAHUS HA 3Tare NPOEKTHPOBAaHUS MH(YOPMAIIMOHHOM CHCTEMbI MOJAEP)KKU NPHUHATHS PELICHUl;
CeLUalIbHBIE METOABl M CPEACTBAa O0OBEKTHO-OPHEHTHPOBAHHOTO MOJCIUPOBAHUS MpeaMETHOH 00iaacTH,
KOTOpble pa3paboTaHbl s MPOEKTHPOBAHWS HH()OPMALMOHHBIX CHCTEM C LENbI0 BOCCO3IAaHUS
KOHLIENITYJIbHOH MOJZENN 3KCHepTOB B (OPMAIM30BAHHONH MOJENU MPEACTaBICHUS 3HAaHWH; METOJ
HEePapXUUECKOro MOKMCKA C LEJIbI0 IOMCKA IPELEe/ICHTOB; OHTOJOTHUECKUN aHaIu3 ¢ LIEIbl0 ONpelesIeHUs U
00bEMHEHHS PEIEeBaHTHBIX HMH(MOPMALMOHHO-JIOTHYECKUX M (PYHKIMOHAJIBHBIX AaCHEKTOB HCCIEAyeMOi
cucreMbl. B mporecce MonenuMpoBaHUS YCTaHABIMBAIOTCS MapaJUrMaTU4eCKUe OTHOIICHUS MEXIy
KOTHUTHUBHBIMH 3JIEMEHTaMH IpOIIecca YNPaBJICHUS CIOXKHBIM JHHAMHYECKUM OOBEKTOM B KPUTHYECKHX
cUTyauusix (IPUYMHHO-CIICACTBEHHbIC, OTHOLICHMS CXOZACTBA), a TaKKe OTHOLICHUS 0000mmeHus,
accolMaliy, B 3aBHCUMOCTH OT pEIN3alUH, HEOOXONUMBbIE sl pa3pabOTKM KOMILIEKCa OOBEKTHO-
OPHEHTHPOBAaHHBIX MOZENeH mpouecca ynpasieHus. Pesyabrarel: IlpoBeneHHble HccieqOBaHUS
MOKa3bIBAIOT, YTO HEOOXOIUM JIOTIONHMUTENBHBIM aHalu3 BCEX BO3MOXKHOCTEH MPHUMEHSEMBIX MOjenei
MPEICTABICHUS. 3HAHUW IS PEIICHUs] KOHKPETHBIX 3aJad B paccMaTpHBaeMod MpoOieMHON obiactu.
Mertononorust 0ObeKTHO-KOTHUTUBHOI'O aHAJIM3a SIBJSETCS OCHOBOHM CO3JaHMS MH(GOPMALMOHHON CHCTEMBbI
MOJACPKKH TMPHUHATHSA peIIeHUl, BKIIOYAIOIIEeH WHTEIJIEKTYaJbHYI0 KOMIIOHEHTY MpHOOpEeTeHus,
HaKOIUJICHUS, 00palbOTKM, NpEAOCTaBICHUS, OOHOBICHUS M pacmpocTpaHeHus 3HaHui. [lodydeHHble
00BEKTHO-OPHEHTHPOBAHHBIC MOZEIH MPEAMETHOM O0JACTH M OHTOJIOTMU CHUCTEMBI MOIAEP)KKU MPHHATHS
pElIeHuH SBIAIOTCS OCHOBOW ISl pa3pabOTKH METOAOB M aIrOPUTMOB MOMCKA PELIEHHUH MO yNpPaBICHUIO B
KpUTHUECKUX cuTyarusx. Oocyxnenne: IlomyueHHble pe3ynbTaThl NMPUMEHSIOTCS B paMKax KOHIEMIHU
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VMHTEIUICKTYaIn3allid TpoIriecca KOHTPOJS W JUATHOCTHKH TEXHUYECKOTO COCTOSHUS aBHAIIMOHHOTO
neurarens TB3-117 B MOJETHBIX peXUMax, OJHUM M3 IYHKTOB KOTOPOH SBJISETCA HHTEIUIEKTyalbHas
00paboTka U XpaHeHHe WHGOPMAIMH O PE3yJIbTaTaX JICTHBIX UCHBITAHHWIA M DKCIUTyaTallMd aBUAIIMOHHOTO
nmeurarenst TB3-117 Ha ocHOBe TpeboBaHUIT COBpeMEHHBIX 0a3 MaHHBIX W 0a3 3HAHWIA, C BO3MOXKHOCTHIO UX
nHTerpanuu B coBpeMeHHbie CASE-TexHOMOT I

KioueBble cji0Ba: aBHAIMOHHBIA JBHTaTeNb, MH(OPMAIMOHHAS CUCTEMa, OOBEKTHO-OPHEHTHPOBAHHBIC
MOJEIIN, KpUTUUECKUE CUTYALUH, OHTOJIOTUS
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