An information-computer system
has been developed for the automated
modeling of systems for automatic
orientation of production objects,
which is one of the most important
and complex creative flexible
production systems of machine and
instrument engineering. The proposed
information-computer system for
automated modeling of systems of
automatic orientation of production
objects is an effective tool for solving
an important task of a scientific
and applied nature. Its use makes it
possible to increase the speed and
efficiency of information processing
and to make correct and well-
Jfounded decisions when determining
the composition and method of
organization of systems of automatic
orientation of production objects.
The structure of this information-
computer system is a specific set
of software and hardware and
information and telecommunication
tools and interactive functional
modules. This structure reproduces
a certain paradigm that conditions
the integrity and integration of the
information-computer system for
automated modeling of systems for
automatic orientation of production
objects in flexible production systems.
In addition, uniformity, extensibility,
the possibility of modernization
and changeability of software
components, protection of information
Jfrom unauthorized access and
preservation of commercial secrets
are ensured according to international
criteria for evaluating the protection
of the computer system. Neuro-fuzzy
network information processing and
computer vision algorithms have
been implemented for automatic
identification of production objects
and orientation devices, which are
components of automatic orientation
systems of production objects. The
developed information-computer
system processes information in real
time with high accuracy and speed
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1. Introduction ments for product quality and safety lead to constant flexible

changes in the structure of production. This is achieved

Activation and globalization of production processes, in-  through their organization according to the principles of
cluding in machine and instrument building, increased com-  flexible computer-integrated systems (FCIS), construction
petition in industrial markets, constant growth in require-  of new or modernization of existing flexible production sys-




tems (FPS), as components of FCIS, including systems for
automatic orientation of production objects (SAOPO). The
latter is one of the most important and complex creative FPS.
It is obvious that in order to increase the speed, reasonable-
ness, correctness, and efficiency of decisions made at the stage
of technological preparation of production, there is a need
to conduct research and design convenient and functional
information-computer systems (ICS) for automated modeling
of SAOPO. That is, automating the processes of selecting
technological equipment, in particular automatic orientation
devices (OD) and creating SAOPO on their basis.

In general, SAOPOQ is a specific production environment
of a functionally interacting set of OD with a set of produc-
tion objects (PO) for their automatic orientation and a set
of other technological equipment (TE) functioning in FPS.
SAOPO modeling involves the determination of optimal OD
models from the point of view of the balance between the
likely effects and costs of their use for automatic orientation
of PO, and the functional compatibility/coupling of the OD
with other maintenance in FPS. It is obvious that this is a
rather complex, multi-stage, time-consuming, financially
and intellectually expensive process. After all, SAOPO is
designed to solve one of the most important and difficult
tasks of organizing robotic production in the mechanical
engineering and instrument engineering industry — this is
the automatic orientation of PO.

Therefore, for the effective work of specialists at ma-
chine- and instrument-building enterprises, at the stage of
technological preparation of production, in particular, at
the stage of choosing technological equipment, including
OD and creating SAOPO based on them, an appropriate
toolkit is necessary. An example can be ICS, which is built
according to the principles of modularity, aggregation, syste-
maticity, and effectiveness, on the basis of modern software
and hardware and information and telecommunication tools.
This will ensure both the development and use of informa-
tion models for solving practical engineering tasks, as well as
the protection of information from unauthorized access and
the preservation of commercial secrets.

The purpose of the operation of ICS for the automat-
ed modeling of SAOPO is to provide specialists with the
necessary data to quickly make a well-founded, correct and
effective decision regarding the composition and method of
organization of SAOPO. This decision is based on the use
of reliable information about the structural features and
physical and mechanical properties of PO, technical and
economic characteristics and functional capabilities of the
set of ODs. At the same time, the functional compatibility
of SO and PO is taken into account in order to ensure the
automatic orientation of the latter and their functional coor-
dination/coupling with other maintenance in FPS.

Correctly making effective decisions at the stage of
technological preparation of production when choosing
technological equipment, including OD, is extremely im-
portant. After all, this ensures the technically efficient and
economically profitable functioning of not only SAOPO as
it is but also takes into account its interaction with other
components of FPS and FCIS as a whole.

2. Literature review and problem statement

Review of studies [1-4] shows that the tasks that are
solved at the stage of technological preparation of produc-

tion, including the task of modeling SAOPO, are one of the
most difficult and important tasks in the design of FPS.
They affect the quality and competitiveness of products.
After all, the optimal orientation of PO is of crucial im-
portance for improving the quality of production [2]. But
the issues related to the automated modeling of SAOPO
in flexible production remained unresolved. The results of
studies given in the literature [3, 5] indicate a significant
influence of the orientation of PO on the accuracy of dimen-
sions, strength, overall cost, and quality. Many approaches
are discussed in the literature, but no attention is paid to the
problem of automating the making of correct, justified, and
effective decisions when choosing components of SAOPO.
Its successful solution requires the use of effective, universal,
and high-performance means, technologies, methods, and
mathematical apparatuses to support the rapid adoption of
well-founded, correct, and effective decisions [1], in par-
ticular, when determining the composition and method of
organization of SAOPO. That is why this question arouses
considerable interest in the world scientific community.

In [4], the research results of three methods of deci-
sion-making in the selection of basic technological equip-
ment with multiple attributes are reported, namely or-
thographic and matrix approaches, analytical hierarchical
process (AHP) and analytical network process (ANP). It is
shown that the methods provide indices of choice of various
analyzed alternatives. But the issues related to taking into
account all stages of technological preparation of production
remained unresolved. A number of criteria have not been
defined that allow one to assess future effects and costs from
the use of this or that technological equipment, in particu-
lar OD. Also, the problem of creating appropriate software
and computer tools for increasing the speed and efficiency of
information processing and making correct and well-found-
ed decisions when determining the composition and method
of organization of SAOPO has not been solved.

In [6], the results of the development of a functional
model of the process of technological preparation of produc-
tion are reported. It is shown that it can become the basis of
informational support for projects to create new equipment.
But the questions related to the detailing of the stages of
technological preparation of production and the tasks to
be solved at the same time, in particular, the task of model-
ing SAOPOQO, remained unresolved. Also, the problem of cre-
ating appropriate software and computer tools for increasing
the speed and efficiency of information processing and mak-
ing correct and well-founded decisions when determining
the composition and method of organization of SAOPO has
not been solved.

In work [7], the results of the study of only five techni-
cal and economic indicators for the design and selection of
equipment at the regional level are given. But the criteria
that allow us to assess future effects and costs from the use of
this or that technological equipment, in particular OD, have
not been taken into account. Also, the problem of creating ap-
propriate software and computer tools for increasing the speed
and efficiency of information processing and making correct
and well-founded decisions when determining the composition
and method of organization of SAOPO has not been solved.

Work [8] shows the concept of developing an integrated
system for designing production technological processes in me-
chanical engineering. The algorithm of the automated analysis
of the three-dimensional model of PO is presented. The general
functional structure of ICS for the automated detection and



formalization of significant parameters of PO is described. The
choice of technology and the formation of the route for the pro-
duction of PO, taking into account the data of the production
process, are described. But the problem of creating appropriate
software and computer tools for increasing the speed and
efficiency of information processing and making correct and
well-founded decisions when determining the composition and
method of organization of SAOPO remained unsolved.

Work [9] considers the selection of means for orga-
nizing the robotic environment, in particular loading and
unloading equipment, for manufacturing enterprises. A list
of equipment selection criteria and a selection methodology
based on a multi-criteria decision-making method based on
an analytical hierarchical process are provided. However,
the development data is focused on the modeling of the
loading and unloading process and the selection of loading
and unloading equipment, which is used for the partial
arrangement of the robotic production environment, which
is a simpler task compared to the task of modeling SAOPO
and the selection of software. The problem of creating ap-
propriate software and computer tools for increasing the
speed and efficiency of information processing and making
correct and well-founded decisions when determining the
composition and method of organization of SAOPO has
not been solved.

Paper [10] provides an approach to the selection of equip-
ment for flexible assembly production in mechanical engi-
neering and presents the structure of the procedure for deter-
mining a different sequence of tasks depending on alternative
assembly modes. This procedure makes it possible to evaluate
the respective performance of each alternative with requests
for capabilities expressed in terms of volume and product
range. However, the problem of creating appropriate software
and computer tools for increasing the speed and efficiency of
information processing and making correct and well-founded
decisions when determining the composition and method of
organization of SAOPO has not been solved.

Paper [11] shows the possibility of automating the for-
malized selection of technological operations by establishing
relationships between all components of the technological
process. It is shown that, depending on the specifics of the
company’s work, the selection of equipment is a complex
process. The study demonstrates the nuances that interfere
with production and affect the approach to the selection of
equipment for one or more technological operations. Howev-
er, the information in the paper is of a somewhat declarative
nature and is presented fragmentarily. In this regard, the
problem of creating appropriate software and computer tools
for increasing the speed and efficiency of information pro-
cessing and making correct and well-founded decisions when
determining the composition and method of organization
of SAOPO has not been solved.

Works [12, 13] provide a comprehensive approach based
on conceptual matrix models and a software tool for au-
tomated decision-making in the development of product
production processes at the design stage of FPS. However,
this software product is aimed at small business enterprises
and does not take into account the specificity of machine
and instrument manufacturing industries. Therefore, the
problem of creating appropriate software and computer tools
for increasing the speed and efficiency of information pro-
cessing and making correct and well-founded decisions when
determining the composition and method of organization of
SAOPO has not been solved.

In [14], a method for automatically determining the
orientation of PO during laser welding of a powder layer is
given. This method contains two stages. First, an existing
approach based on face clustering is used to automatically
create alternative orientations of PO deposited in a layer of
laser powder. Secondly, the amount of support, volumetric
error, surface roughness, time and cost of assembly are taken
into account. The value of each alternative orientation of PO
is estimated using certain evaluation models. The weight
of these indicators is determined by pairwise comparison.
A weighted sum model is used to calculate the total value
of the factors of each alternative orientation. According to
the calculated total values, the optimal orientation of PO is
determined. The given material is definitely a valuable basic
study, but it needs to be refined in terms of the selection of
OD for the implementation of the optimal orientation of PO.
Therefore, the problem of creating appropriate software and
computer tools for increasing the speed and efficiency of in-
formation processing and making correct and well-founded
decisions when determining the composition and method of
organization of SAOPO has not been solved.

Work [15] reports the results of research into the ap-
proach to the automated selection of optimal robotic trajec-
tories in FPS. It is shown that the result of the functioning
of this approach is its optimal trajectory according to the
chosen criterion. But the problem of creating appropriate
software and computer tools for increasing the speed and
efficiency of information processing and making correct and
well-founded decisions when determining the composition
and technique of SAOPO organization remained unsolved.

Thus, all this gives reason to assert that the important
scientific and technical problem related to the development
of original and modern tools for the automated modeling of
the components of FPS, including SAOPO, has not been re-
solved. After all, such a system is being developed in order to
increase the speed and efficiency of information processing
and make correct and well-founded decisions when deter-
mining the composition and technique of SAOPO organiza-
tion, at the stage of technological preparation of production.
It should be able to enable automated adoption of correct
and effective decisions at high speed in real time. That is
why it is expedient to carry out a study on the development
of an information-computer system for automated modeling
of systems for automatic orientation of production objects in
machine and instrument engineering.

3. The aim and objectives of the study

The purpose of our research is the development of an in-
formation-computer system for automated modeling of sys-
tems for automatic orientation of production objects (ICS for
automated modeling of SAOPO). This will make it possible:

1) to increase the speed and efficiency of processing
information about structural features and physical and me-
chanical properties of PO, technological characteristics, and
functional capabilities of OD;

2) to make correct and well-founded decisions when de-
termining the composition and technique of SAOPO organi-
zation at the stage of technological preparation of production.

To achieve the goal, it is necessary to solve the follow-
ing tasks:

—to formalize the process of determining the composi-
tion and technique of SAOPO organization;



— to develop a structural diagram of ICS for automated
modeling of SAOPO, to determine the structure of its func-
tional modules, information flows, methods and means of
automated data processing;

— to develop a structural diagram of the network integra-
tion of ICS for the automated modeling of SAOPO in FCIS
in the machine- and instrument-making industries.

—to conduct experimental studies of the performance
of ICS for automated modeling of SAOPO.

4. The study materials and methods

The object of research is the process of determining the
composition and technique of SAOPO organization.

The subject of our study is the ICS for automated mod-
eling of SAOPO.

The hypothesis of the study is based on the assumption
that the implementation of the tasks of development of ICS
for automated modeling of SAOPO could increase the speed
and efficiency of information processing and making informed
engineering decisions regarding the selection of equipment. It
could also provide a social and economic effect, which would
consist in reducing intellectual and time costs.

Research methods are based on the application of com-
puter vision algorithms, artificial intelligence technologies,
in particular, the original neuro-fuzzy network that we
developed earlier, a detailed description of which is given
in [16]. In addition, publicly available tools of database
management systems (DBMS) are used. Research methods
are also based on the application of some methods of system
analysis, in particular, the method of normalization, correla-
tion analysis, and the heuristic method.

The results, confirming the feasibility of our techno-
logical advancements, were obtained during experimental
studies by simulation methods with the use of special soft-
ware, including neurosimulators. A modern basic personal
computer with an Intel(R) Core(TM) i3-7020U CPU @
2.30 GHz and 4.00 GB of RAM was used. The methods of
graphic representation and statistical processing were ap-
plied to treat the experimental data.

3. Results of investigating the information-computer
system for automated modeling of systems for automatic
orientation of production objects

5. 1. Formalizing the process of determining the com-
position and technique for organizing automatic orienta-
tion systems of production objects

The development of ICS for the automated modeling of SA-
OPO involves a preliminary analysis and formalization of the
process of determining the composition and technique of SAO-
PO organization. It functions as a part of FPS and is the envi-
ronment for the interaction of a number of ODs and POs. The
latter are characterized by a variety of functional capabilities,
structural features, and physical and mechanical properties. In
general, the orientation of PO is one of the most complex aux-
iliary operations performed when organizing a robotic produc-
tion environment. It consists in the automatic transfer of a set of
POs from an initial non-oriented position (INP) to a predeter-
mined final oriented position (FOP) [1]. FOP is determined by
technological equipment that interacts with PO. For automatic
orientation, various software is used, capable of technically

realizing the necessary composition of orienting movements
(COM), in particular, a set of circular movements and linear
movements of PO in three-dimensional space during their
automatic orientation [1]. At the same time, the results from
many studies [1, 16, 17] show that it is not enough to deter-
mine only COM since the properties of PO material also have
a significant impact on the process of automatic orientation.
Therefore, in addition to the analysis of the structural features
of PO, it is necessary to analyze their physical and mechanical
properties and determine the types of force effects (TFE) that
can be applied to ensure the necessary COM. In other words,
the function of SAOPO consists in feeding FPS with material
objects of production in the required quantity, at a given speed,
and in a position convenient for their coupling with the techno-
logical equipment of this FPS.

It should be noted that modeling the composition and
technique of SAOPO organization is a rather complex and
not always obvious process. After all, there is no unequivocal
functional correspondence between PO and OD, which make
up the composition of SAOPO and determine the way of its
organization. There is always a set of alternative solutions
from which one must find the optimal one. Visualization of
this process is carried out using the Euler-Venn model (Fig. 1),
and its formalization is given by expressions (1) to (3).

The functional interaction of the set of ODs with the set
of POs for their transfer from INP to FOP by performing the
necessary COM makes it possible to form a set of alterna-
tives SOOV/, which is formalized by expression (1):

[500V/ |n=1,N}={{OD0\} n{OD,, J (PO}, (D)

where SOOV/ is a set of alternatives of functionally agreed
POs and ODs; n — alternative number; N is the number of al-
ternatives; ODcownm — a set of OD that ensure the implemen-
tation of the necessary COM for automatic orientation of
PO; ODrgg —aset of ODs that ensure the implementation of
the force effects of ODs on PO, which are different in terms
of physical content, in order to ensure the implementation of
COM; PO is a set of oriented ODs.

The choice of the most expedient in terms of practical
implementation of alternatives is made from a set SOOV/
of criteria. These criteria make it possible to assess the prob-
able future effects (for example, increasing the accuracy and
speed of orientation, the reliability of the operation of SAO-
PO, etc.). In addition, they allow one to estimate costs (for
example, for modernization, acquisition, maintenance and
repair of equipment, training of service personnel, etc.). A for-
malized description of this process is given by expression (2):

{soovy'}=
{{SOOV,f |k:1,l<}:iODg}:>{SOOan},
g=1

=1if|SO0V, | 2; 2)
@,if[soov/|=2,

where SO0V — a set of alternatives appropriate for their
practical implementation; & — alternative number; K is the
number of alternatives; OD; — OD in the composition of
alternatives that are expedient in terms of their practical
implementation; g — OD number in the alternative; G is the
number of ODs in the alternative.
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soov is a set of optimal alternatives
that reflect the optimal, in the
accepted sense, qualitative and
quantitative composition of
SAOPO;

m is the number of the optimal
alternative;

M is the number of optimal alternatives;

OD; — OD in the composition of optimal
alternatives of SAOPO;

different in terms of physical alternative.
content, in order to ensure the
implementation of COM;

PO is a set of oriented ODs.

¢ is the OD number in the set of optimal
alternatives; 7 is the number of
ODs in the set of optimal
alternatives.

Fig. 1. The Euler-Venn model of modeling the composition and technique of organizing automatic orientation systems
of production objects

Making the final decision, i.e., choosing the optimal com-
position and technique of SAOPO organization from a set
SO0V of alternatives appropriate for their practical imple-
mentation should be based on mathematical calculations of
probabilistic effects and costs. That is, one optimal alterna-
tive SOOV?", is determined that reflects the optimal qual-
itative and quantitative composition of SAOPO from the set
SO0V according to expression (3). At the same time, it is
taken into account that the costs should in no case exceed
the effects obtained from the application of this SAOPO:

Ksoov,;'pr |m =W>‘ -
{{SOOV,;”" |m=1,M}= iODz}D{SOOV;’},
t=1

={if[soov!|=@; (3)

@,if|soovy|=2,

where SOOV?" is a set of optimal alternatives that reflect the
optimal, in the accepted sense, qualitative and quantitative
composition of SAOPO; m is the number of the optimal alter-
native; M is the number of optimal alternatives; OD, — OD
in the composition of optimal alternatives of SAOPO; ¢ is the
OD number in the set of optimal alternatives; T is the num-
ber of ODs in the set of optimal alternatives.

The search for the final solution is the search for some
balance between the expected effects and possible costs.
This search can be implemented using methods of system
analysis. In particular, the heuristic method, the method of
normalization and correlation analysis, which allow us to
quantitatively substantiate the importance of the indicators
of the assessment of the received probabilistic effects and
costs from the use of the optimal alternative SOOV,”™. This

alternative reflects the optimal qualitative and quantitative
composition of SAOPO. The simplest way is a comparative
analysis of the correlation coefficients of OD indicators as
components of SAOPO. These indicators form the parameters
of its effectiveness, provided that the pre-formed set SOOV}!
of suitable alternatives for the qualitative and quantitative
composition of SAOPO is not empty, i. e., |SOO de| +.

To convert the correlation coefficients into weighting
coefficients, formula (4) known from [18] can be used:

—, )

where w;is the weighting coefficient of the jth indicator of OD
as a component of SAOPO, which forms the parameters of its
effectiveness; 7; is the correlation coefficient and index of the
jth indicator of OD as a component of SAOPO, and the result-
ing indicator of the efficiency of SAOPO application in FPS;
n is the number of OD indicators as components of SAOPO.

3. 2. Structural diagram of the information-computer
system for automated modeling of systems for automatic
orientation of production objects

Taking into account the above, ICS for the automated
simulation of SAOPO is a specific set of software-hardware
and information-telecommunication tools and interactive
functional modules. The processes of automated preparation
and processing of technical and economic information are
distributed between these interactive functional modules.
This information is necessary for the automated adoption
of a reasoned, correct, and effective decision regarding the
composition and technique of SAOPO organization. The
development of the ICS structure for the automated mod-
eling of SAOPO and its components was carried out on the



means according to the principles of
aggregation. This is due to the fact
that the output information flows of
some modules are input for others.

The principle of integration and
integrity of the system provides the
possibility of collective access of individual functional modules
of ICS for automated simulation of SAOPO to industrial da-
tabase management systems (DBMS) of FCIS. For example,
DBMS PO and DBMS OD, etc. Integration of the entire ICS
for automated simulation of SAOPO into the unified informa-
tion space of FCIS is also carried out. In addition, this allows us
to ensure the flexibility, extensibility, and changeability of the
software components of the proposed ICS.

The principle of the effectiveness of ICS work for the
automated simulation of SAOPO is understood as its focus
on finding the best ODs from the set of known ones that pro-
vide a balance between expected effects and possible costs.
These ODs form the composition of SAOPO. And their
functional coordination with PO and conjugation with other
technological equipment of FPS determines the technique of
SAOPO organization. For this purpose, the methods of sys-
tem analysis and fuzzy logic, mathematical tools, and neural
network technologies are used in the corresponding modules
of the ICS for the automated modeling of SAOPO.

Comprehensive protection of information from unautho-
rized access and preservation of commercial secrets accord-
ing to the international standard TCSEC [8] in ICS for the
automated simulation of SAOPO is organized according to
the principle of security.

The functioning of SAOPO as part of FPS is visualized
by the IDEF0 model (Fig.2). The IDEF0 model shown
in Fig. 2 gives an idea of the physical composition of FPS
and SAOPO as a component of FPS. In addition, the IDEF0
model reflects the interrelationships, directions, and hier-
archy of material flows circulating in FPS related to the
production process and the arrangement of the robotic pro-
duction environment formed by a set of POs. In Fig. 2, the
following designations accepted in [16] are used: a system
of MORPE — a system of means of organizing the robotic
production environment; SAOPO — system of automatic
orientation of PO; DTr - transport device; IR - industrial
robot; TO is the basic technological equipment, OD is an
orientation device.

basis of the principles of modularity, FPS |
aggregation, systematicity, effective-
ness, and security. {TO,n=1,N} TO,
The principles of modularity [mmm—dm e e e ===
and systematicity make it possible | System of MORP. —_—
to consider each component of the I £ SAOPO
servl.3 g
newly created ICS for the automated | — | t
simulation of SAOPO as a separate : | — |
interactive functional module that foory ) | !
. | ( I l tservl 4 1
is autonomously used to solve a spe- | . £ |
e oD transpee 1
cific local task at a separate stage | | . ; v | I
of SAOPO modeling. And the in- I S | ol I
tegration of modules in the general : fn ) ¢ | — o, 1 firansp | |
structure of ICS for the automated I — %» — £, | :
simulation of SAOPO ensures its | L ] | Terviaz | |
integrity. Circulation of information | | oD,, fisanspe-- , I
flows and data exchange between ! fer | T it | |
functional modules in the ICS for : \ | | fienias ¢ | :
the automated simulation of SAOPO I — | OD, | Y, |
is carried out using unified technical 1 | — f2p | |
1 1
| I |

Fig. 2. IDEFO-model of the functioning of the system for the automatic orientation of
production objects as part of a flexible production system

Taking into account the above, the newly designed
ICS for the automated simulation of SAOPO contains
a certain set of components and functional modules.
These modules and components are used to solve certain
local tasks and manage relevant information flows. For
this, certain methods and means of automated data pro-
cessing are used, including our original developments,
such as neuro-fuzzy networks and computer vision algo-
rithms [16]. The structural diagram of the newly designed
ICS for the automated simulation of SAOPO is shown
in Fig. 3.

The composition of the functional modules of the pro-
posed ICS for the automated simulation of SAOPO and the
used methods and means of automated data processing are
as follows:

1) data storage (SD) organized by DBMS. SD is used
to accumulate and store information necessary to solve lo-
cal tasks of determining the composition and technique of
SAOPO organization (not shown in Fig. 3). In particular,
information about:

- structural features and physical and mechanical prop-
erties of PO;

— technological characteristics and OD functionality;

— COM is necessary for automatic orientation of PO;

—the composition of other technological equipment in
FPS with which the operation of SAOPO is coordinated.

2) a module for automated collection and loading of data
in SD with the possibility of working under manual mode
(not shown in Fig. 3);

3) module of automated identification, systematization,
and grouping of ODs. In this module, automated identifica-
tion, systematization, and grouping of ODs are carried out
according to:

— structural features and physical and mechanical prop-
erties of PO;

— COM necessary for automatic orientation;

—possible types of force influences (TFE) to en-
able COM.



MODULE FOR AUTOMATED IDENTIFICATION, OD AUTOMATED IDENTIFICATION, SYSTEMATISATION
SYSTEMATIZATION AND GROUPING OF PO AND GROUPING MODULE
Identification of PO ’ Identification of OD
Methods of computer Methods of computer
Analysis of structural features and vision, system Analysis of technological ViSiPﬂ, system
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Fig. 3. Structure of the information-computer system for automated modeling of the system of automatic orientation of
production objects

In this module, methods of computer vision, system anal-
ysis, fuzzy logic, neural network technologies, and DBMS
tools are used to solve the specified tasks;

4) the module of automated identification, systematiza-
tion, and grouping of OD, in which automated identification,
systematization, and grouping of ODs is carried out accord-
ing to their technical characteristics, functional capabilities,
COM and TFE, which they can implement for automatic
orientation of PO. The module uses methods of computer
vision, system analysis, fuzzy logic, neural network technol-
ogies, and DBMS tools to solve these tasks;

5) the module of functional alignment of OD and PO. In
the module, OD and PO are automatically aligned according
to the necessary COM and TFE, which can be applied to
PO for their automatic orientation. Also, in this module, the
formation of a set SOOV/ of functionally coordinated PO

and OD alternatives is performed. The module uses neural
network technologies and methods of fuzzy logic to solve the
specified tasks;

6) a module for automated determination of qualitative
and quantitative components of SAOPO. In this module, an
automated selection of the most appropriate for the practical
implementation of OD and a set of criteria is carried out.
These criteria make it possible to estimate the likely future
effects and costs of using the formed variants of the qual-
itative and quantitative composition of SAOPO. To solve
the specified tasks in the module, such methods of system
analysis as the normalization method, correlation analysis,
heuristic method are used;

7) a module for automated determination of the opti-
mal alternative and assessment of the potential of SAO-
PO. In this module, the integral indicator of the quanti-



tative assessment of each individual alternative solution
is formed, regarding the composition and technique of
SAOPO organization. Also, this module searches for the
optimal solution from a set SOOV?" of alternatives ob-
tained at the previous stages. Mathematical methods and
methods of systemic and economic analysis are used in the
module to solve the specified tasks, in particular, matrix
methods, methods of normalization, integral evaluation,
and ranking.

3. 3. Structural diagram of the network integration of
the proposed information-computer system

In addition to the main task, ICS for the automated
modeling of SAOPO must provide access to all the neces-
sary information to every specialist of the enterprise and
at the same time comply with the principles of information
protection and preservation of commercial secrets. From
these positions, certain levels of access to the processes
of accumulation, storage, processing, and transmission
of data in ICS for the automated modeling of SAOPO
are established. Such data, for example, can be data on
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the features of the automatic orientation process and
other technological processes, design features or physical
properties of new POs, their cost price, information about
counterparties, etc. Therefore, in accordance with inter-
national standards ISO 27005 and ISO 27001, ICS for
the automated modeling of SAOPO must meet the basic
requirements of information security control. As well as
the international criteria for Trusted Computer System
Evaluation Criteria (TCSEC)) [19]. Fig.4 shows the
general scheme of information network integration of ICS
for the automated modeling of SAOPO into the general
industrial information network of FCIS in the machine-
and instrument-making industries.

The general scheme of information network integra-
tion of ICS for the automated modeling of SAOPO into
the general industrial information network FCIS ensures
collective access of the company’s specialists to the nec-
essary information. The proposed system has four levels
of protection (D, C, B, and A) in accordance with the
TCSEC international standard and provides reliable pres-
ervation of confidential information.
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Fig. 4. General scheme of the information network integration of the information-computer system for the automated modeling
of systems of automatic orientation of production objects into the general industrial information network FCIS with four levels
of protection in accordance with TCSEC criteria



5. 4. Experimental studies on the performance of an
information-computer system for the automated mod-
eling of systems of automatic orientation of production
objects

Experimental studies on the performance of the pro-
posed ICS for the automated modeling of SAOPO were
carried out by computer simulation methods using the
software that we developed and specialized software for
the synthesis of artificial neural networks. After all, as
you know, computer simulation, including in the creation
and research of artificial neural networks, is less expen-
sive but no less effective than a natural experiment. At
the same time, the results are more visible and conve-
nient, easily interpreted and understood by specialists.
Screenshots of the dialog windows of some modules of our
software are shown in Fig. 5, 7-9.

Verification of the proposed ICS for the automated mod-
eling of SAOPO was carried out for an abstract PO, the type
of conical roller made of St20kp steel according to DSTU
7809 and DSTU 7808 with different ends, a blind hole on
one of them, and a weight of 5.5 kg (Fig. 5).

In order to carry out automatic orientation of this
PO, it is necessary to determine COM, TFE to transfer
it from INP to FOP, which is determined, for example, by
the characteristics of the gripping device of an industrial
robot (IR). Schematically, an example of the process of
transferring PO from INP to FOP by performing COM
is shown in Fig. 6.

It is also necessary to choose such OD models, from some
previously known set, which will form such a composition of
SAOPO, which will ensure an optimal balance between the
effects and costs of their use. In addition, it is necessary to

comply with the condition of functional consistency of the
determined composition of SAOPO (i.e., the set of ODs)
with other technological equipment of FPS. This determines
the technique of SAOPO organization.

PO, considered as an example in the module of au-
tomated identification, systematization, and grouping of
POs (Fig. 7), the necessary COM and TVS for its orienta-
tion were automatically identified and determined. Owing
to the use of neuro-fuzzy networks and computer vision
algorithms, the information processing time did not exceed
three seconds, which corresponds to the real-time mode, and
the maximum relative error did not exceed 5 %, which meets
the requirements of modern production.

In the OD and PO functional coordination module
(Fig. 8), eleven OD models are automatically defined under
the conditional names Model OD1, Model OD2, etc. These
OD models form such a composition of SAOPO that pro-
vides an optimal balance between the effects and costs of
their application (Fig. 8). Information processing time did
not exceed two seconds.

In the module for the automated determination of the
optimal alternative and the assessment of the potential of
SAOPO, two OD models were finally selected on the ba-
sis of automatically performed ICS calculations — Model
OD2 and Model OD9. The application of these OD models
determines the technique of SAOPO organization. The
technique of SAOPO organization automatically defined
in this module meets the condition of its functional con-
sistency with other technological equipment of FPS, for
example, IR (Fig. 9).

The obtained result is final and can be proposed for prac-
tical application as having the greatest efficiency.
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Fig. 9. Screenshot of the dialog window of the module for automated determination of the optimal alternative and assessment
of the potential of systems of automatic orientation of production objects

Thus, our experimental studies have confirmed the func-
tionality of the proposed ICS for the automated modeling
of SAOPO and its ability to form reasonable and correct
decisions. Based on the results of experimental studies, it can
be stated that the proposed ICS for the automated modeling
of SAOPO is the latest, original, and modern toolkit for
supporting the adoption of correct, justified, and effective
decisions. Application of the proposed ICS for the automat-
ed modeling of SAOPO makes it possible to increase the
speed and efficiency of information processing at the stage
of technological preparation of production in machine and
instrument engineering.

6. Discussion of the research results related to the
proposed information-computer system

The proposed ICS for the automated modeling of SAO-
PO is the latest, original, and modern decision-making sup-
port tool at the stage of technological preparation of produc-

tion. It, in contrast to known solutions [4, 6, 7], takes into
account all stages of technological preparation of production
and a set of criteria that allow assessing the future effects
and costs of using certain ODs. At the same time, it is taken
into account that the costs should in no case exceed the
effects obtained from the application of this SAOPO. Also,
unlike known solutions [8, 9], all the diversity of structural
features and physical and mechanical properties of POs
and functional capabilities of ODs are taken into account,
and, unlike [10-12, 14], all relationships between them are
formalized in view of the specificity in the machine- and
instrument-making industries. In addition, the social and
economic effect of using the proposed ICS for the automated
modeling of SAOPO is obvious. It manifests itself in increas-
ing the quality and reducing the complexity of decisions that
are made at the stage of technological preparation of pro-
duction when choosing equipment, in particular OD. Also
obvious is the reduction of financial, intellectual, and time
costs for technological preparation of production as a whole.
This is quite acceptable for economic reasons.



Owing to the detailing and formalization of the process
of determining the composition and technique of SAOPO or-
ganization according to expressions (1) to (3), it was possible
to establish all the relationships between OD and PO. The
application of expression (4) made it possible to convert the
correlation coefficients into weighting coefficients to sub-
stantiate the importance of the indicators of the assessment
of the received probabilistic effects and costs. Owing to this,
the procedure for finding effective alternative solutions has
been formalized. In general, this made it possible to deter-
mine a comprehensive sequence of actions to determine the
optimal composition and technique of SAOPO organization.

The developed structural diagram (Fig. 3) of the newly
designed ICS for the automated modeling of SAOPO solves
two problems. First, it offers a complex sequence of actions
aimed at finding the final solution, as some kind of balance
between expected effects and possible costs. This search is
implemented using methods of computer vision, artificial
intelligence, and system analysis. Computer vision and arti-
ficial intelligence methods make it possible to automatically
analyze PO and OD and establish all relationships between
them with high accuracy in real time. Experimental studies
on the performance of the proposed ICS for the automat-
ed modeling of SAOPO, the results of which are reported
in this paper, showed that the relative error does not ex-
ceed 5%, and the time of information processing did not
exceed 3 seconds. This corresponds to the real-time mode
and the requirements of modern production. The methods of
system analysis for finding the final solution make it possible
to quantitatively assess the probabilistic effects and costs of
using the so-called optimal alternative, which reflects the
optimal qualitative and quantitative composition of SAOPO.
Also, the methods of system analysis used make it possible to
justify the importance of the evaluation indicators. Second-
ly, the developed structural scheme of the proposed ICS for
the automated modeling of SAOPO (Fig. 3) reproduces the
paradigm of modularity, aggregation, systematicity, integri-
ty, effectiveness, and security. This makes it possible to use
unified software-hardware and information-telecommunica-
tion tools to carry out its modernization and, if necessary, to
change software components.

The developed structural diagram of the network inte-
gration of the proposed ICS for the automated modeling of
SAOPO (Fig. 4) suggests its integration into FPS. Here, in
addition to the integration of the proposed system into the
general industrial network, protection of information from
unauthorized access and preservation of commercial secrets
is ensured according to the TCSEC international standard.

Experimental studies on the performance of ICS for the
automated modeling of SAOPO were carried out for some
abstract PO (Fig. 5). The results (Fig. 6-9) made it possible
to verify not only its efficiency but also to determine compli-
ance with the requirements of modern production in terms of
accuracy and speed. This statement is based on the fact that
the technologies of artificial intelligence, in particular, the
neuro-fuzzy network that we developed earlier, used in this
development, allow parallel processing of information in real
time. At the same time, the high efficiency and probability
of correct processing of information under conditions of its
incompleteness and contradictions, as well as the ease of
training and retraining of ANNs allow timely transition to
new types of solved problems [20]. Thus, according to the re-
sults of experimental studies, for the example given in the pa-
per (Fig. 5), the information processing time did not exceed

3 seconds, which corresponds to the real-time mode, and the
maximum relative error did not exceed 5 %. In addition, ICS
for the automated modeling of SAOPO has a convenient and
intuitive interface (Fig. 7-9), which obviously simplifies the
work of specialists with it.

It should be noted that the limitations of this research
may be the insufficient level of knowledge and skills in work-
ing with artificial intelligence technologies and computer vi-
sion. Requirements regarding the need for basic knowledge
of artificial intelligence technologies, in particular fuzzy
logic and artificial neural networks, computer vision must be
taken into account when trying to apply the proposed ICS
for the automated modeling of SAOPO in practice, as well as
in further theoretical studies.

The main drawback of the study is the dependence of the
results on the completeness of the descriptions of the struc-
tural features and physical and mechanical properties of PO
and the technological characteristics and functional capa-
bilities of OD. This is due to the fact that the correctness
of the determination of COM and TVS and the successful
choice of the method of automatic orientation depend on the
completeness of the descriptions of the structural features
and physical and mechanical properties of PO. And the pos-
sibility of functional coordination of OD and PO depends on
the completeness of the descriptions of technological charac-
teristics and functional capabilities of OD.

In addition, the shortcoming of this study is its focus only
on the modeling of SAOPOQ, that is, the determination of its
composition and organization technique. At the stage of tech-
nological preparation of production, it is necessary to solve
the tasks related to the selection of other types of equipment
of MORPE systems (Fig. 2) in FPS. For example, transport
devices (PTr), systems for accumulation, cut-off, etc.

It is obvious that the further development of this research
can be carried out in the area of expanding the functionality
of the proposed system in relation to the complex automation
of the modeling of MORPE system, that is, determining its
composition and the way of organization in FPS. It is obvi-
ous that on this path you may encounter difficulties of both
a mathematical and methodical nature. In particular, when
formalizing the process of determining the composition and
the way of organizing the MORPE systems, establishing all
the relationships between its components, as well as finding
alternative solutions and evaluating their effectiveness.

7. Conclusions

1. The process of determining the composition and tech-
nique of SAOPO organization has been formalized. This
formalized description reproduces the multi-stage process of
determining the composition and technique of SAOPO or-
ganization. Formalization of the process of determining the
composition and technique of SAOPO organization made it
possible to carry out its decomposition and to highlight local
tasks of OD selection. This decomposition is the basis of the
ICS structure for the automated modeling of SAOPO. The
defined local tasks are the main tasks of the functional mod-
ules of ICS for the automated modeling of SAOPO.

2. A structural diagram of ICS for the automated mod-
eling of SAOPO and its functional modules has been con-
structed. Information flows, methods and means of au-
tomated data processing were defined. In addition, the
principles of construction of ICS for the automated modeling



of SAOPO were determined. These principles provide for
the integrity, uniformity, extensibility, possibility of mod-
ernization and changeability of the software components of
the proposed ICS for the automated modeling of SAOPO.
Integration of the proposed ICS for the automated modeling
of SAOPO into the general industrial information network
of FCIS in the machine- and instrument-making industries
is also ensured. The proposed system provides automated de-
termination of the optimal composition and technique of SA-
OPO organization at the stage of technological preparation
of production in machine and instrument engineering. At
the same time, information is processed with high speed (in
real time) and accuracy. In particular, the relative error of
recognition of PO and OD, their systematization, group-
ing, and determination of COM and TFE does not exceed
0.05 while the information processing time does not exceed
3 seconds, which meets the global requirements for modern
production. This allows one to reduce time and increase the
accuracy of information processing and the efficiency of
decision-making.

3. A structural diagram of network integration of ICS for
the automated modeling of SAOPO in FCIS in the machine-
and instrument-making industries has been built. The devel-
oped scheme of network integration provides access for the
company’s specialists to the necessary information and at the
same time ensures its confidentiality and four-level protection
against unauthorized access according to the principles of
the TCSEC international standard. This makes it possible to
protect confidential information from unauthorized access.

4. The performance of ICS for the automated modeling
of SAOPO was experimentally investigated. The results
confirmed the functionality of the proposed system and
its ability to form reasonable and correct decisions. The

results of experimental studies reported in this work allow
us to consider the proposed ICS for the automated model-
ing of SAOPO as the latest, original, and modern tool for
supporting the adoption of correct, justified, and effective
decisions. Therefore, it can be recommended for practical
use as it makes it possible to quickly and efficiently process
information and make correct and justified decisions when
determining the composition and technique of SAOPO or-
ganization.
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