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CONCEPTUALIZATION

OF INTELLIGENT CONTROL SYSTEM

FOR HUMANITARIAN DEMINING ROBOTIC
COMPLEXES BASED ON VERBAL METHODS

Introduction. Humanitarian demining is characterized by growing attention to the problems of creating and us-
ing robotic systems. The most important aspect of their use is the control method.

Problem Statement. At present, the first generation robotic complexes (controlled devices) have been the most
common, the second generation complexes (semi-autonomous devices) have been improving. To switch to the third
generation complexes (autonomous devices), it is necessary to develop intelligent control systems based on artifi-
cial intelligence technologies. The most used for system development are quantitative methods, but such models
are “black box models” that do not provide complete clarity about their behavior.

Purpose. To develop conceptual model of intelligent control systems for humanitarian demining robotic comp-
lexes based on verbal methods.

Materials and Methods. Formal logic methods, verbal analysis qualitative methods, and BPMN.

Citation: Hutsa, O. M., Yelchaninov, D. B., Yanushkevych, D. A., Tolkunov, I. O., Ivanoy, L. S., Petrova, R. V.,
and Morozova, A. I. (2024). Conceptualization of Intelligent Control System for Humanitarian Demining Ro-
botic Complexes Based on Verbal Methods. Sci. innoo.,, 20(2), 82—95. https://doi.org/10.15407 /scine20.03.082

© Publisher PH “Akademperiodyka” of the NAS of Ukraine, 2024. This is an open access article under the
CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/4.0/)

ISSN 2409-9066. Sci. innov. 2024. 20 (3)



Conceptualization of Intelligent Control System for Humanitarian Demining Robotic Complexes Based

Results. Conceptual model of intelligent control systems for humanitarian demining robotic complexes and symbolic models
of representing relevant declarative and procedural knowledge based on verbal methods have been developed.

Conclusions. The conceptual model makes it possible to formulate Symbolic Models in the notations of selected verbal me-
thods. At the decision-making level, the ordinary classification method by denotation of the terms used by experts in the selected
subject area has been chosen. At the executive level, the BPMN method has been chosen to create process diagrams in graphical
notation. The verbal methods make it possible to create “white-box models” that unambiguously interpret the dependence of out-
put and input variables and to explain the model behavior. Symbolic models in the notations of selected verbal methods allow the
implementation of an intelligent control systems for a specific humanitarian demining robotic complex.

Keywords: conceptual model, intelligent control systems, and verbal analysis.

According to the report by the International
Campaign to Ban Landmines (ICBL) for 2020,
2019 was one of the most tragic years in terms of
mortality from mine explosions in the world. Af-
ghanistan, Colombia, Iraq, Mali, Nigeria, Ukrai-
ne, and Yemen had the highest deaths from mine
explosions. One third (33%) of deaths from anti-
personnel mine explosions in 2019 were recorded
in 55 countries that joined the Ottawa Treaty.
Anti-personnel mine explosions in 2019 claimed
at least 2,170 lives worldwide, another 3,357 peo-
ple were injured. More than 80% of mine deaths
are civilians, 43% of whom are children [1]. Also,
according to the United Nations estimates it has
been found, for example, that during the years of
the military conflict in the Donbas, about 30%
of the Ukraine territory (about 270,000 sq. km)
was contaminated with unexploded explosive ob-
jects (mines, shells, air bombs, etc.). It will take
25—30 years to clear the territories contaminated
with explosive objects.

Humanitarian demining — a set of activities
carried out with the aim of eliminating the dan-
gers associated with explosive objects (EO), inclu-
ding non-technical and technical survey of terri-
tories, mapping, detection, neutralization and/or
destruction of EO, marking, preparation of docu-
mentation after mine clearance, provision of infor-
mation to the public about mine action and the
transfer of the cleared area [2]. Humanitarian de-
mining is primarily aimed at reducing the harm-
ful effect of EO on people’s livelihoods. The goal
of humanitarian demining is to reduce the risk of
mines to a level where people can live safely; in
which economic, social and physiological deve-
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lopment can proceed unimpeded, unaffected by
the constraints imposed by landmines.

With regard to military operations and huma-
nitarian demining, an increase in attention to the
problems of creating and using military robotic
systems (MRS) is characteristic. This is due to the
attempts of the United States and other NATO
countries to save the life of a soldier in battle, in
the context of which the use of the MRS allows
achieving positive results [3]. In addition, this
trend is explained by the rapid development of
the latest technologies in the information sphere,
that is, the “robotization” of various areas of hu-
man activity, in particular the military sphere, qui-
te logically corresponds to the content of modern
concepts of a post-industrial society. The above
problems, according to experts, should be solved
only in a complex of organizational and technical
measures, one of which is robotic complexes and
systems for military, special and dual purposes.

One of the most important aspects of the use
of robotic systems is the method of control. This
is confirmed by the illustrative classifications of
the MRS:

« by generation:

1) the first generation robots — devices with
software and remote control that can only work
in an organized environment;

2) the second generation robots — adaptive,
having synthetic organs of “intuition” and capa-
ble of functioning in previously unknown condi-
tions and adapting to changing situations;

3) the third generation robots — intelligent,
having a control system with elements of artifi-
cial intelligence;
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« according to the degree of dependence on the
operator:

1) “human-in-the-loop”: this category includes
unmanned vehicles that can independently iden-
tify targets and carry out their selection, but the
decision to destroy them is made only by the hu-
man operator,

2) “human-on-the-loop”: this category includes
systems that can independently identify and se-
lect targets, as well as make decisions on their
destruction, but a human operator acting as an
observer, in any the moment can intervene and
correct or block this decision;

3) “human-out-of-the-loop”: the works assig-
ned to this category are able to identify, select and
destroy targets without human intervention.

The above classifications are based on differen-
ces in the MRS control system, that is, the level
of its “intelligence”, which makes the develop-
ment of such systems a very important topic from
a scientific point of view.

Work on the creation of robotic means and sys-
tems, including military (dual-purpose) and spe-
cial purpose robotic means, is widely conducted
throughout the world.

Thus, experts in the development and produc-
tion of mobile robots [4] define an “intelligent ro-
bot” as having a so-called model of the external
world or internal environment, which allows the
operation in an uncertain information environ-
ment. In this way, an intelligent robot is a robot
includes an intelligent control system (ICS). ICS
means a computer system for solving problems
that a person cannot solve in real time, or their
solution requires automated support or gives re-
sults comparable to human solutions. At the same
time, among other things, it is understood that
for the tasks to be solved, the ICS does not pro-
vide for the completeness of knowledge, and the
IMS itself should be able to streamline data and
expertise with the allocation of significant pa-
rameters, adapt to changes in the set of facts and
knowledge, etc. Consequently, despite the many
proposed criteria for intelligence, the strictest re-
quirement remains that the role of a person in in-

84

teracting with the ICS should be reduced only to
setting a task. Intelligent systems are a necessary
component for solving the problems of creating
a model of the world, a system for planning ac-
tions and managing goals. The knowledge base in
intelligent systems is one of the main parts of the
world model and its transformational functions.

Shortcomings include the general nature of the
information without considering specific methods
for developing ICS.

In [5] the requirements for MRS were conside-
red and proposals were developed regarding their
application in humanitarian demining. It has
been established that the organization of the hu-
manitarian demining system with the use of MRS
should include the reconnaissance of EOs, search,
marking, identification and direct demining, which
are integral parts of the control system.

Shortcomings include the general nature of the
article and the focus on technical means, in par-
ticular manipulators and detectors, which should
be included in the MRS.

In [6], an analysis of modern developments on
intelligent control methods for robotic systems
was carried out and approaches were formulated
for the construction of such control systems that
are invariant with respect to the specifics of ope-
ration, taking into account the incompleteness of
incoming information and various types of un-
certainty. To achieve the goals set, a number of
tasks were solved: an analysis of the architectures
of intelligent control systems for robotic systems
was carried out; a generalized algorithm for situa-
tional identification of a robotic system was deve-
loped; developed an intelligent control system for
a robotic platform for the needs of production.

Shortcomings are that the article is of a general
nature and does not contain a description of the
control systems intellectualization methods for
robotic platforms.

In [7] presents an overview of measures to en-
sure the safety of the population in emergency
situations of a peaceful nature, lists the dangers of
a military nature and the principle of survival in
combat conditions. Currently, in modern condi-
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tions of conducting military operations, in order
to reduce the loss of soldiers and officers, robots,
robotic mobile systems are being created and the
concepts of their use are being considered. In
the armies of developed countries, it is planned
to create completely autonomous robotic forma-
tions. The review considers various ground-based
military robots, aircraft and android robots being
developed in many countries of the world.

Shortcomings are the general nature of the ar-
ticle and, despite its title, the focus on the combat
component of the analyzed MRS, rather than en-
suring the safety of the population in emergency
situations of a peaceful nature.

Research [8] analyzes modern concepts of arti-
ficial intelligence and definitions of the term “le-
vel of intelligence.” In robotics, an artificial intelli-
gence system is defined as a system that works
intelligently and optimally. The author proposes
to use methods for optimizing the design of ICS
by work. The article formalizes the tasks of de-
signing an ICS as a class of extremal problems
with constraints. The solution of these problems
is quite difficult due to the high dimensionality,
polymodality and a priori uncertainty. The de-
composition of extremal problems according to
the method proposed by the author allows us to
reduce them to a sequence of simpler problems
that can be successfully solved by modern com-
puting technologies. The article considers several
possible approaches to solving such problems.

Shortcomings: the proposed methodology uses
quantitative methods that have a number of short-
comings associated, on the one hand, with the
need for highly qualified developers of such con-
trol systems, and on the other hand, with the er-
rors introduced into them by the applied mathe-
matical models.

In [9] illustrates the main principles and de-
velopment of advanced methods for the imple-
mentation of intelligent robotic systems. It talks
about strategies by which a robot (manipulators,
mobile robot, quadcopter) can learn its own kine-
matics and dynamics from data. In this context,
two main issues were considered; in particular,
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the stability of systems and experimental checks.

The algorithms and learning methods described

in this book can easily be extended to other robo-

tic systems. The book contains MATLAB-based
examples and coding for robotic operating sys-
tems for experimental verification.

Shortcomings are that the main attention is
paid to the algorithms for implementing the con-
trol of individual mechanisms of robotic systems
based on quantitative methods, and not to the
development of ICS as a whole.

In [10], it is said that it is generally believed
that demining operations are carried out by un-
manned vehicles with special onboard equipment
and the entire process is controlled from the ope-
rations center. But at the same time, it is noted
that all actions in dangerous areas, for example, in
minefields, require the use of specific approaches
to search, precise localization of single targets,
neutralization and other work. The operation of
unmanned vehicles in such an area assumes that
they have a certain degree of autonomy to resolve
particularly critical situations. This poses a chal-
lenge for future research.

Shortcomings are that considerable attention
has been paid to technical means, in particular,
the modular concept of building MRS, flywheel
drive mechanisms and other accessories used in
the demining process.

According to the description of the develo-
per [11], the unmanned (autonomous) platform
LASKA 2.0, thanks to the neural network, can
autonomously (if GPS is available) patrol the
perimeter, move from point to point, return “ho-
me”, when the control channel is lost, and move
without GPS during the operation of the Elect-
ronic warfare.

The disadvantages of using neural networks are
well known, but from the point of view of MRS,
the following can be distinguished:

o problems that arise during the preparation of
the training sample, related to the difficulties of
finding a sufficient number of training examples;

« network training in some cases leads to dead-
lock situations;
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¢ long time costs for performing the training
procedure often do not allow the use of neural
networks in real-time systems;

o the behavior of a trained neural network can-
not always be clearly predicted, which increas-
es the risk of its use for managing expensive
technical objects.

Given the use of verbal methods for building
decision-making systems (DMS), which are the
basis of MIS, publication [12] is closest to the re-
search topic. Based on the verbal information re-
ceived from experts in terms of their subject area,
and the method related to the verbal analysis of
decisions, the so-called “decision rule” is built.
The decision rule in the form of a table contains a
verbal (criterial) description of all possible situa-
tions that may arise, distributed by class. A class
is a decision made in a given situation. The deci-
sion rule is built on the basis of logical, qualita-
tive transformations of verbal variables in comp-
liance with the psychological and mathematical
correctness of these transformations.

The disadvantages of the article include its eco-
nomic orientation, which makes it necessary to
adapt the proposed method to the needs of buil-
ding an ICS MRS.

All this gives grounds to assert that:

« now the most common MRS of the first gen-
eration (controlled devices);

¢ the second-generation systems (semi-autono-
mous devices) are rapidly improving;

« in order to switch to the third-generation MRS
(autonomous devices), it is necessary to develop
ICS based on artificial intelligence technologies;

+ mathematical, quantitative methods are the
most common in relation to the construction
of MIS.

However, the ability to implement quantitative
methods for building DMS is often limited. In the
methods, an implicit assumption is made that a
person measures a certain quantitative parameter
once. The resulting value is the only one that re-
flects the preference of the decision maker (DM).

However, studies by psychologists [ 13], as well
as practical experience in the application of the-
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se methods, cast doubt on the correctness of the
assumption.

As is known, DM is not an accurate measuring
device that does not allow errors in quantitative
measurements. Psychophysics provides quantita-
tive evidence of a person’s inaccuracy in measu-
ring physical characteristics (weight, length, etc.).
As a result, the direct assignment of quantitative
weights of criteria is always carried out with errors
[14]. The need to take into account errors in quan-
titative measurements is rightly pointed out in
[15]. In psychological experiments [ 13] was shown
that human “heuristics and biases” lead to signifi-
cant errors in the information received (for exam-
ple, when quantifying the probabilities of events).
In the situation, expert (verbal) assessments are
the only means of solving similar problems [16].

The advantages of expert assessments include
ease of use for forecasting almost any situation,
including in conditions of incomplete information.

With regard to systems, the three general cat-
egories can be distinguished [17]: the concrete,
the symbolic, and the conceptual (Fig. 1).

The conceptual model of a concrete system is
called a conceptualization; for example, the ICS
model is a conceptualization of the control pro-
cesses of a robotic complex. A specific model of
a conceptual system is called an implementation;
for example, put into effect by the ICS as an imple-
mentation of the ICS model. A conceptual model
of a conceptual system is called a conversion. A
symbolic model of conceptual system is called a
formulation; a symbolic system is expressed in
some formal language — the notation to represent
the model. A conceptual model of a symbolic sys-
tem is called an interpretation. A symbolic model
of a symbolic system is called a transformation.
At the same time all stages include social (verbal)
interaction between human beings to construct
a socially accepted view of the concrete system.

Thus, for the implementation of a specific sys-
tem (in our case, ICS), a conceptual model based
on verbal methods, which allows one to formu-
late symbolic models on the selected notations,

should be developed.
ISSN 2409-9066. Sci. innov. 2024. 20 (3)
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Therefore, the conceptualization of ICS by hu-
manitarian demining robotic complexes based on
verbal methods is relevant.

The purpose of the study is to develop a con-
ceptual model of ICS by humanitarian demining
robotic complexes based on verbal methods.

The model should provide an opportunity to
implement ICSs that:
¢ are close to the human way of expressing know-

ledge;

o are based on expert knowledge in the chosen
subject area;

¢ produce an unequivocal result;

¢ involve human participation only in the part of
creating/changing the knowledge base.

The basic principles of verbal decision analysis
are formulated as follows [18]:

+ use for describing the problem of definitions and
formulations of assessments of solution options
in a form that is natural for the DM, his advisers
and active groups, without converting such ver-
bal formulations into quantitative values;

# construction of a decision rule based on logical,
qualitative transformations of verbal variables,
observing the psychological and mathematical
correctness of the transformations.

That is, verbal decision methods allow creating
the so-called “white box model”, where we know
exactly how the value of the output variables de-
pends on the values of the input variables and can
explain the behavior of the model.

At the same time, the existing methods for crea-
ting artificial intelligence models are the so-called
“black box models”. The problem is that the data
scientist who built the model doesn’t have comp-
lete clarity about the model’s behavior and lacks
clarity in explaining the model [19].

The process of self-organization of automation
at the level of decision-making in control systems
is most fully reflected in the OODA loop [20].
The OODA model has 4 repetitive actions in its
structure: Observe — Orient — Decide — Act.

At the operational level in management systems,
the most adequate model of building and impro-
ving the process is the so-called Shuhart impro-
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Conversion
CONCEPTUAL Subjective
SYSTEM abstract
SYMBOLIC CONCRETE | Objective
SYSTEM SYSTEM concrete
Transformation Imitation
Fig. 1. The model triangle [17]
Orient Decide

Fig. 2. Combined model of OODA and PDCA

vement cycle [21], better known as the Deming
cycle or the PDCA cycle. The PDCA cycle inclu-
des 4 stages: Plan — Do — Control — Act.

The OODA and PDCA models complement
each other (Fig. 2).

As for expert knowledge, it can be conditionally
divided into two types [18]. One of them (facts,
information, theories, tasks, etc.) is called decla-
rative knowledge and is most often reflected in
the form of tables. The knowledge answers the
question “What is it?” That is, with its help, we
can evaluate the results obtained during any ac-
tivity (process). Another type is the human abi-
lity to solve problems, compose music, treat pa-
tients, find faults in machines and devices, etc.,
are called procedural knowledge, reflected in the
form of process diagrams. The knowledge answers
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Orient

Procedural
knowledge
(Do)

Declarative
knowledge
(Act)

Observe

Fig. 3. Interaction of expert knowledge and the combined
model of OODA and PDCA

Decision level s

Decide

s Performance level

Fig. 4. Separation of the stages of the combined model by
control levels

the question “How to do it?” and with its help
you can get the desired results. The interaction of
expert knowledge with the combined OODA and
PDCA model is shown in Fig. 3.

Let us consider in more detail the form of pre-
sentation and the content of expert knowledge,
which are most suitable for the requirements of
the conceptual model of ICS.

Declarative knowledge in the presented in
Fig. 2 of the combined model is the knowledge
base for DMS. It is possible to build such a DMS
using the method of ordinary classification of al-
ternatives [ 18]. For this, expert knowledge should
be presented in the form of a set of criteria K =
= {K } , where K is the name of the m-th cri-
terion characterizing the alternative; M is the
number of criteria. Each criterion K has a set
of values K = {k Nm where k_is the name of
the n-th value of the m-th CI‘lteI‘IOIl N(m) is the
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number of values of the m-th criterion. The va-
lues of each criterion K should be arranged from
the best to the worst in the form of a completely
ordered set R ={(k, .k )€K -K [k, >k }
where symbol > means “better than”.

Thus, the set A = K, - K, - ... - K defines all
hypothetically possible alternatives. In this case,

=(a,,a,, . a,) €A wherea, €K isacri-
terlon descr1pt10n of the corresponding alterna-
tive. Some alternatives can be compared through
a partially ordered set R ={(q, a)} €A - A la,> a,
whena, >a, forvm =1 M, butEIm =1, M for
which a > a]m }.

The goal of the ordinary classification of al-
ternatives is to partition the set A = UQ 1Aq into
classes Aq where A = @ and A C A for Vq =1,0
A NA =oforp g q; Qs the number of clas—
ses. The classes are ordered from best to worst:
A > A forp <q. Therefore, the best alternative

q
should not be in the worst class and vice versa,
This task is complicated by the abundance of hy-
pothetically possible alternatives and is solved
through the use of the concept of the most infor-
mative alternative [18].

The procedural knowledge presented in Fig. 3
of the combined model is the knowledge base
necessary for the full implementation of the goals
of the robotic complex controlling.

Studies have shown that drawings (scheme, di-
agrams) can convey information more accurately
than text. The human mind has separate systems
for processing visual and verbal material — accor-
ding to the dual channel theory [22]. Visual re-
presentations are processed by the visual system
in parallel; text representations are processed se-
quentially by the speech system [23]. Only graphi-
cal representations are able to show (complex)
relationships at the same time.

Therefore, expert knowledge is displayed by
BPMN (Business Process Model and Notation)
that is one of the process modeling methods. BPMN
refers to verbal methods and allows creating “white
box models”. BPMN has been adopted as an
ISO/IEC standard [24] and creates models that
are unambiguously interpreted by the software.

ISSN 2409-9066. Sci. innov. 2024. 20 (3)
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Fig. 5. Model of ISU by humanitarian demining robotic complexes based on verbal methods

Analyzing the structure and content of the de-
scribed forms of knowledge representation, we can
draw the following conclusions:
¢ declarative knowledge with an implementa-

tion mechanism constitutes the decision-mak-

ing level: the choice of a strategy that includes
control (ebservation) and evaluation of pro-
cess indicators, as well as the choice of a pro-
cess execution diagram corresponding to the
current set of process indicators (orientation);
o ugh the process diagram (action), including
the adoption of operational, tactical decisions

“stitched” in the diagram in situations corres-

ponding to the current set of process indicators

(decisions).

The separation of the stages of the combined
model by management levels is shown in Fig. 4.

ISSN 2409-9066. Sci. innov. 2024. 20 (3)

The model presented in Fig. 4 defines the con-
ceptual model of ICS by humanitarian demining
robotic complexes based on verbal methods, which
includes the following elements (Fig. 5):

« unit for assessing the external environment
state — decision-making level. Determines to
which class belongs the set of external environ-
ment monitoring data received at the entrance.
Created taking into account the decisive rule
developed by the verbal method of ordinary
classification;

+ control process diagrams library — process
diagrams containing a description of the set
and sequences of actions of the robotic comp-
lex in all situations predicted by experts. Sepa-
rated into classes that are defined in the deci-
sion rule. Diagrams are developed on BPMN,;
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o robotics complex control unit — execu-
tion level. Converts descriptions of actions
from process diagrams into sets of commands
for a robotic complex executive mechanisms
(RCEM). Within the framework of the dia-
gram, the selection of the process execution
scenario is carried out according to the set of
environmental monitoring data;

¢ actions library — sets of commands for RCEM
that correspond to actions from process dia-
grams;

« experts — develop a decisive rule, process
diagrams and sets of RCEM commands, make
appropriate changes in case of a change of the
RCEM, detection of an undescribed situation
or to compensate for the systematic influence
of the external environment;

« operators — have the ability to quickly change
or stop the robotic complex operation in the
event of an emergency situation or an unfore-
seen change in the external environment.

The developed conceptual model of ICS (see
Fig. 5) allows creating symbolic models in selec-
ted notations.

An example of a symbolic model of representa-
tion of declarative knowledge in ICS is the DMS
“EO threat level assessment”. The DMS contains
a description of classes, criteria and a decision
rule. Notation is the terms used by experts in the
chosen subject area.

Classes of EO threat levels: low (1) — below
average (2) — average (3) — above average (4) —
high (5).

Criteria — EO unmasking signs (values of each
sign are ordered from more unmasking to less un-
masking):

o concentrated mass of explosive substance
(K1): high (1) — above average (2) — average
(3) — below average (4) — low (5).

o locally located mass of metal (K2): high (1) —
above average (2) — average (3) — below ave-
rage (4) — low (5).

¢ the design of the EO (K3): typical for the EO
shape, body material, etc. (1) — uncharacteris-
tic (2).

20

o violation of the homogeneity of the envi-
ronment where the EO is located (K4): high
(1) — above average (2) — average (3) — be-
low average (4) — low (5).

o presence of a wired EO control line (K4):
there is (1) — no (2).

o EO time control module (K5): clock mecha-
nism (1) — electronic timer (2) — none (3).

o EO target sensor (K6): seismic (1) — magne-
tic (2) — optical (3) — none (4).

o presence of an antenna for EO radio recei-
ving devices (K7): there is (1) — no (2).

o depth of EO placement in the soil (K8): soil
surface (1) —up to 0.1 m. (2) —up to 1 m (3).
The EO unmasking state is a set of values that

the EO has relative to each criterion (unmasking

feature). The number of all hypothetically possible

EO unmasking states is the multiplying of the

number of values of all criteria:5-5-2-5-2-3 x

x 4-2-3=236,000 EO states.

EO states according to the method of ordinary
classification are distributed by classes of EO threat
levels in the form of a decisive rule (Table 1).

DM and expert consultants used the following
logic to classify EO states:

« EO with the most unmasking value of each fea-
ture has a low level of threat (Table 2);

o EO with the least unmasking value of each fea-
ture has a high level of threat (Table 3).

The DMS “EO threat level assessment” refers
to the second level DMS that are the determi-
nants of the criteria and their values for the first
level DMS. At the same time, the second level
DMS corresponds to a certain criterion of the
first level DMS, and the second level DMS clas-
ses correspond to the value of the criterion. For
example, the second level DMS considered above
corresponds to the criterion “EO threat level” of
the first level DMS “External environment as-
sessment”, and the classes correspond to the va-
lue of this criterion: low, below average, average,
above average, high.

An example of a symbolic model of representa-
tion of procedural knowledge in ICS in BPMN is
shown in Fig. 6.
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Table 1. EO Threat Level Assessment Decisive Rule

Criteria value
EO states Class
K1 K2 K3 K4 K5 K6 K7 K8 K9

1 1 1 1 1 1 1 1 1 1 1 (low)

2 1 1 1 1 1 1 1 1 2 1 (low)

3 1 1 1 1 1 1 1 1 3 1 (low)

4 1 1 1 1 1 1 1 2 1 1 (low)

5 1 1 1 1 1 1 1 2 2 1 (low)

6 1 1 1 1 1 1 1 2 3 1 (low)

7 1 1 1 1 1 1 2 1 1 1 (low)
17997 3 3 1 5 2 3 4 1 3 4 (above average)
17998 3 3 1 5 2 3 4 2 1 4 (above average)
17999 3 3 1 5 2 3 4 2 2 4 (above average)
18000 3 3 1 5 2 3 4 2 3 4 (above average)
18001 3 3 2 1 1 1 1 1 1 2 (below average)
18002 3 3 2 1 1 1 1 1 2 2 (below average)
18003 3 3 2 1 1 1 1 1 3 2 (below average)
35994 5 5 2 5 2 3 3 2 3 5 (high)
35995 5 5 2 5 2 3 4 1 1 5 (high)
35996 5 5 2 5 2 3 4 1 2 5 (high)
35997 5 5 2 5 2 3 4 1 3 5 (high)
35998 5 5 2 5 2 3 4 2 1 5 (high)
35999 5 5 2 5 2 3 4 2 2 5 (high)
36000 5 5 2 5 2 3 4 2 3 5 (high)

Table 2. Values of Criteria Describing EOs with a Low Level of Threat
Criteria Criteria value
(K1) concentrated mass of explosive substance (1) high
(K2) locally located mass of metal (1) high
(K3) EO design (1) typical for the EO shape, body material, etc.
(K4) violation of the homogeneity of the environment where the EO islocated | (1) high
(K5) presence of a wired EO control line (1) there is
(K6) EO time control module (1) clock mechanism
(K7) EO target sensor (1) seismic
(K8) presence of an antenna for EO radio receiving devices (1) there is
(K9) depth of EO placement in the soil (1) soil surface

ISSN 2409-9066. Sci. innov. 2024. 20 (3) 91



Hutsa, O. M., Yelchaninov, D. B., Yanushkevych, D. A., Tolkunov, I. O., Ivanov, L. S., Petrova, R. V., and Morozova, A. I.

EO identified Notify the operator
Database —— entiied @ the database and notify the operator | -7
: Determine the possibility of moving
| Request/ to the EO at a working distance A possibility
answer in accordance with the EO threat level )  thereis no
There is a|possibility
.................................. . Enterthedata into thedatabase
Move to EO at and notify the operator
a working distance
Request/ : o . defined
----- éﬁéwéf--~>(Deternnne the EO type)’E typels not defined————
EO typelis defined Enter the data into the database
.............................................. V and notlfy the Operator
Request Determine A possibility thereis no
""" 4 r?swer/ the possibility P Y v
of EO destruction Enter the data into the database
......................................... e and[xﬁﬂytheopenﬁor
Thereis a|possibility
A
[ Destruct EO )— EOis not destroyed —
EOQis|destroyed Enter the data into the database
............................................. D TP NIRPTRRE and DOtify the operator
oo Enter the data into the database ................................................... ¢ ..............................
and notify the operator Determine the
: possibility of marking

T Thereis a possibility
( Mark the EO location )—

the EO occurrence place

A possibility
A

there is no
v

failed

Marking

into the databas
the operator

Enter the data
and notify

eJ

nter the data into the databas
and notify the operator

)

[E

The action on the
r\identiﬁed EO is over

<
<

eJ

y [E

nter the data into the databas

and notify the operator Wait for the
. operator's
Commands were not received command

at the specified time

b rece

Execute operator

Commands

ived

Commands executed 4[

commands

Fig. 6. The 1-level process “Actions order on identified EO” in BPMN

This is the first level process “Actions order of
on identified EOQ” corresponds to the class “EO
identified” from the first level DMS decisive rule.
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notation

BPMN is an intuitively understandable graphic

[25]. As practice shows, experts with whom

we had to work almost immediately begin to “read
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Table 3. Values of Criteria Describing EOs with a High Level of Threat

Criteria

Criteria value

(K1) concentrated mass of explosive substance
(K2) locally located mass of metal
(K3) EO design

(K4) violation of the homogeneity of the environment where the EO is located

(K5) presence of a wired EO control line

(K6) EO time control module

(K7) EO target sensor

(K8) presence of an antenna for EO radio receiving devices
(K9) depth of EO placement in the soil

(5) low
(5) low
(2) uncharacteristic

(5) low
(2) none

(3) absent

(4) absent
(2) none

(3)uptolm

the diagram”, regardless of age and level of technical
education. This can be verified by looking at the dia-
gram in Fig. 6. The color gradation of actions on the
diagram needs an explanation. Atomic actions that
do not require further explanation are indicated in
blue. Actions that are sub-processes, i.e., in turn,
contain sets of actions, are marked in yellow. They
are refined in the form of second level process dia-
grams by the method of functional decomposition.
The actions of the second level processes that are
sub-processes, are specified in the form of third level
process diagrams and so on. The number of levels of
the processes hierarchy is determined by the need to
reveal all “black boxes” (sub-processes) to the level
of atomic actions. The methods of functional de-
composition and hierarchy make it possible to cre-
ate systems of process diagrams of arbitrary com-
plexity, which as a result are “white box models”.

CONCLUSIONS

1. Based on the methods of verbal decision analy-
sis, a conceptual model of ISU by humanitarian
demining robotic complexes has been developed.
The model allows implementing ICSs that:

¢ are close to the human way of expressing know-

ledge;

ISSN 2409-9066. Sci. innov. 2024. 20 (3)

¢ are based on expert knowledge in the chosen
subject area;

# give an unequivocal result;

« involve human participation only in the part of
creating/changing the knowledge base.

This is achieved by using definitions that are
natural to DM, its advisers and activist groups,
without converting such verbal formulations into
quantitative values.

2. The developed conceptual model of ICS al-
lows for the formulation of symbolic models in
the notations of selected verbal methods:

# at the decision-making level, the method of or-
dinary classification is chosen to create DMS
in notation, which are terms used by experts in
the chosen subject area;

o at the executive level, the BPMN method is
chosen for creating process diagrams in gra-
phic notation.

The chosen verbal methods make it possible to
create “white box models” that unambiguously
interpret the dependence of output and input va-
riables and explains the model behavior.

3. The symbolic models in the notations of the
selected verbal methods allow the implementa-
tion of ICS by a specific humanitarian demining
robotic complex.
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KOHIENTYAJIIBALISA IHTEJAEKTYAJIbHOT CUCTEMU YIPABJIHHS POBOTOTEXHIYHUMMU
KOMIIVIEKCAMU IT'YMAHITAPHOTI'O POSMIHYBAHHA HA OCHOBI METO/IIB BEPBAJIBHOTO AHAJII3Y

Beryn. [lyist rymMaHiTApHOro PO3MiHYBaHHSI XapAKTEPHUM € 3DOCTAHHSI YBArH [0 IIPOOJIeM CTBOPEHHSI Ta 3aCTOCYBaHHsI po6O-
TOTEXHIYHUX KOMIUIEKCIB, HaJIBAsKJIMBUM aCTIEKTOM BUKOPUCTAHHST SIKMX € CTIOCIO 3/[ICHEH ST YIIPABJIIHHSL.

IIpo6GaemaTuka. Ha cborogni HailGiIbIn MOMMPEHUMU € KOMILIEKCH 1-TO MOKOJIHHSA (KepoBaHi IPHCTPOI), yI0CKOHA-
JIOIOTHCS KOMILIEKCH 2-TO TTOKOJIHHS (HaMiBaBTOHOMHI IIPUCTPOI), a /LIS epexoLy /10 KOMILIEKCIB 3-T0 TOKOoJIiHHA (aBTO-
HOMHUX IPUCTPOIB) HEOOXITHO PO3POOIIATH IHTEIEKTYaJIbHI CUCTEMU YIIPaBJIiHHS Ha 6a3i TEXHOJIOTIH HITYYHOTO IHTEJIEKTY.
KinbkicHi MeToau € HAbLIbII TOMMPEHUMHE TOIO0 TOOYI0BH MOAIOHUX CUCTEM, ajie OTPUMaHi MOZEJ € «MOAEISIMU YOPHOI
CKPUHBKI», SIKi He JJAI0Th TOBHOI SICHOCTI I1[0/10 CBOEI MOBE[IHKU.

Merta. Po3po6ka KOHIENTYaIbHOT MO/ IHTEJIEKTYaIbHUX CUCTEM YITPABJIHHS POOOTOTEXHIUHUMU KOMILIEKCAMU I'yMa-
HITapHOTO PO3MIHYBaHHS Ha OCHOBI BepOATLHIX METO/IIB.

Marepiam it MeToau. 3acToCOBaHO MeToU (POPMAJIbHOI JIOTIKM, SIKiCHI MeToau BepbasbHOro aHanizy, BPMN.

Peayabratu. Po3po6iieHo KOHIENTYa bHY MOJIENb iHTEJIEKTYaTbHOI CHCTEMHU YIIPABJIiHHST POOOTOTEXHIYHIMI KOMILJIEK-
caM¥ I'YMaHITapHOTO PO3MiHYyBaHHS Ta CUMBOJIIYHI MOJIeJI MPeICTaBAeHHS BiAITIOBIIHUX IEKJIAPAaTUBHUX 1 MPOIIeyPATbHUX
3HAHb HA OCHOBI BepOAIbHUX METOJIIB.

BucHosku. [IponoHoBana KOHIENTyalbHa MOJENb /03B0JIsIE ¢(hOPMYJIIOBATH CUMBOJIYHI MOJIeJIi B HOTAI[ISIX 0OPaHUX
BepbGanbHuX MeToAiB. Ha piBHi npuiiHATTS pilieHb 06paHo MeTo OpAMHAPHOI Kiacubikailii, 1e HoTalliero € TepMiHU, AKi BU-
KOPHCTOBYIOThCSI €KCIIepTaMu B 0OpaHiil npeameTHill ramysi. Ha Bukonasuomy piBai o6paro meton BPMN st crBopeHHs
Jiarpam nporiecis y rpadiuniil Horauii. Obpani BepOaibHi METOAU J03BOJISIOTH CTBOPIOBATH «MOJIe/I (17101 CKPUHBKU», 110
OJ/IHO3HAYHO TPAKTYE 3aJEKHICTh BUXITHUX 1 BXiTHUX 3MiHHUX Ta TTOSICHIOE MOBEIiHKY Mojiesii. CUMBOJIIYHI MOJIeJIi B HOTAILi-
s1X 0OpaHuX BepOATIbHUX METO/IB J03BOJISIIOTh PEAi3alliio IHTEIEKTYaIbHOI CUCTEMH YIIPABJIIHHS KOHKPETHUM POOOTOTEX-
HIYHUM KOMILJIEKCOM TYMaHITApHOTO PO3MiHYyBaHHS.

Kmiouogi crosa: BepbabHuil aHasmi3, iHTeeKTyalbHi CHCTEMU YIIPABIiHHS, KOHIETTYaTIbHa MOJETb.
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