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Abstract. The paper discusses the goals and objectives of creating digital twins of the production system of 
a machine-building enterprise. The data structure of the information model of the production system of a 
machine-building enterprise, which is the basis for building a digital twin, is presented. The paper shows the 
main approaches to managing a production system based on the construction of its digital twin. It is 
revealed that along with traditional approaches to PS management by forming recommendations in terms of 
PS engineering and its operation, the choice of the most rational PS management algorithms that take into 
account the peculiarities of the production process organization and ensure the formation of production 
schedules that take into account PS reliability indicators has a great potential. It is proposed to use a 
specialized language of DPML to describe the information model of the PS through the "product-process-
resource" paradigm, which ensures the coordination of the processes of forming recommendations in terms 
of engineering and operation of the PS, as well as the choice of the most rational algorithm for managing the 
PS. 

1 Introduction  
Modern trends in the development of information 
technologies in the world in recent years are inextricably 
linked with the emergence of new approaches to the 
design and organization of production. An important 
transition period was the emergence of the concept of 
"Industry 4.0", the main idea of which is to digitalize 
production, increase the level of automation and change 
the role of man in production. In the digital economy, 
new technologies associated with high - tech industry are 
emerging - digital twins and digital shadows. These 
concepts have many interpretations and definitions 
today, but in a generalized form, a digital twin is a 
virtual copy of an object/process/system with a given 
level of compliance (adequacy). The main task of 
building any digital twin is to diagnose and predict the 
operation of the object/process/system. a digital twin of 
an object / process / system can be created and used at 
various stages of the object/process/system life cycle to 
solve specific tasks. The concept of digital twins is 
relevant in many industries, such as energy, transport, 
and construction, but it primarily works in the high-tech 
industry [1-3]. 

The creation of digital twin of objects/products is in 
some way solved with the use of product support and life 
cycle management technologies: CALS (Continuous 
Acquisition and Life Cycle Support) and PLM (Product 

Lifecycle Management) – organizational and technical 
systems that support all information about the product 
and related processes from design and production to 
decommissioning [4]. 

Speaking about the creation of a digital twin of a 
complex system, for example, a machine-building 
enterprise, it can be noted that today there are no real 
examples, as well as tools that allow creating a digital 
model of an entire enterprise with a high level of 
adequacy, taking into account all production processes 
(technological, resource management, accounting, labor 
protection, safety, etc.), their regulatory and resource 
support [5]. 

Thus, it is advisable to talk about the gradual 
construction of a digital twin of the enterprise, in 
accordance with clear aims and objectives that need to be 
reached through its functioning. This paper discusses the 
issues and aspects of building a digital twin of a 
production system (PS) of an enterprise, includes work 
equipment, products, production processes 
(technological processes, maintenance and repair 
processes, transportation and storage processes) and 
production planning systems and modeling and analysis 
tools, the joint functioning of which makes it possible to 
produce products [2,6-9].  
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2 Theoretical aspects of building a 
digital twin of the production system of 
a machine-building enterprise  

Building a digital twin of the PS can be divided into 
two stages: digital twin of PS prototype and digital twin 
of PS instance (Fig. 1).  

 

Fig. 1. Building a digital twin of a production system at various 
stages of its life cycle 

At the design stage of the production system, a 
digital twin of the PS prototype is developed, on the 
basis of which technological solutions are tested and 
recommendations for changing design solutions are 
formed [7-11]. It is possible to distinguish the main 
characteristics of digital twin of the PS prototype of a 
machine-building enterprise: 
- developed before the production system is available 
based on design decisions; 
- does not include measurement data and reports coming 
from a real system; 
- based on a highly accurate mathematical model; 
- allows us to evaluate the behavior of a real system 
based on its model; 
- used to further create the digital twin instance of the PS 
[5]. 

At the operational stage, a digital twin of the PS 
instance is being developed. At this stage, the PS is 
subject to periodic configuration changes due to changes 
in the product range and production program. The digital 
twin of PS instance of the machine-building enterprise is 
developed on the basis of the digital twin of the PS 
prototype and has additional characteristics: 
- corresponds to a specific PS; 
- allows us to diagnose and evaluate the behaviour of the 
PS based on its model, including statistical data on its 
work; 
- contains information about the model settings, control 
parameters, sensor data and statistics about the operation 
of the PS. 

As figure 1 shows, both the digital twin of the PS 
prototype and the digital twin of the PS instance are 
based on its information model, as well as on analysis, 
evaluation and modelling systems [10]. 

Build a digital twin PS of machine - building 
enterprises are almost impossible without functioning 
information systems of the enterprise, which is the 
source of data for constructing the information model of 
the substation and performing coordinated control of 
production and business processes at various levels of 
enterprise management [11]. 

The information model of the production system 
should contain machine-oriented data for their 
subsequent processing in analysis and modeling systems. 
the data set contained in the information model should 
be refined for specific purposes and tasks of the 
production system analysis. Figure 2 shows the data 
flows for the formation of the information model of the 
PS and further analysis and modeling in the 
corresponding systems. 

 

Fig. 2. Architecture for building a digital twin of a PS instance 

The information model of the PS can be divided into 
three blocks: the initial data of the PS, the production 
schedule formed in accordance with the production plan, 
as well as a set of data on the current state of the PS and 
statistics of its work. To describe the initial data on the 
PS, it is proposed to use the universal language for 
describing products, processes and resources DPML 
(Discrete Process Modeling Language), which allows 
describing the PS in the form of a block diagram in a 
visual graphical notation. table 1 provides a description 
of each of the data blocks, the main sources of 
information, the format of presentation and the degree of 
variability of data within a single PS cycle. 

Table 1. Structure of building an information model of the PS 
for the development of a digital twin 

Data References 
Data 

descriptio
n format 

Estimate of 
variability 
of the data 

during 
operation 

Nomenclature 
of 
manufactured 
products 
(products) 

Production 
preparation and 
product lifecycle 
management 
systems (PDM, 
CAD/CAE, 
CAM/CAPP) 

Universal 
description 
language 
DPML 
(Discrete 
Process 
Modeling 
Language) 

Conditionally  
constant data 

Production 
processes 

Conditionally  
constant data 

Production 
resources 

Enterprise 
resource and 
production 
management 
systems (ERP) 

Conditionally 
 constant data 

Production 
schedule 

Production 
process 
management and 
planning systems 
(MES, APS) 

Specialized 
schedule 
file 

Periodically  
changing data 

PS status, 
statistics 

Monitoring and 
dispatching 
systems (MDC, 
MDA) 

Database Changing 
data 
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The main block of the information model is the initial 
data on the PS described in the "product-process-
resource" paradigm, which can be attributed to 
conditionally unchanged data within a single cycle of PS 
operation. This block contains information about the 
range of manufactured products, production processes 
and production resources of the PS in the form of a 
DPML model. This model is a data source for the 
formation of local information models for various 
consumer information systems, which can include 
MES/APS systems, as well as PS analysis and modelling 
systems [10,12]. 

System MDC/MDA class required to collect 
information about the machines and monitoring jobs, 
which allows to collect statistical data on the PS and 
determine its reliability taken into account in the further 
analysis of the PS and the simulation of its operation. 
MDC/MDA systems automatically record the time and 
duration of operation/downtime/emergency conditions of 
the machine, as well as allow to collect data on 
technological modes (feed, speed, load), currently 
running control program (CP), error codes, causes of 
downtime, etc [13]. 

The production schedule formed in systems of the 
MES/APS class can be considered the main tool for 
managing the PS, provided that the basic data block - the 
source data of the PS presented in the form of a DPML 
model-is relatively unchanged. PS can have different 
levels of stability in individual areas, and for their 
accounting, it is necessary to conduct a preliminary 
analysis of PS, as well as verification of the generated 
production schedules. To solve these problems, a 
comprehensive solution is proposed, including analytical 
(computational) methods, as well as simulation 
modelling [14-17]. 

Analysis of the enterprise's PS and decision-making 
support for its management can be carried out using a 
specialized software tool, the main functions of which 
are: 
- pre-processing and verification of data required for PS 
analysis; 
- calculation of a set of production and economic 
indicators of the efficiency of the PS functioning on the 
basis of initial data (product range, technological 
processes, production resources, production plan). The 
tool provides the ability to calculate indicators for 
different levels of enterprise decomposition (enterprise, 
shop, site, workplace); 
- analysis of simulation results, including calculation of 
performance indicators of the enterprise's PS; 
- generating analytical reports based on the results of 
calculating performance indicators and modeling results 
necessary to support decision-making by managers at 
various levels [5,18]. 

The software tool for conducting production system 
analysis allows us to perform a basic calculation of PS 
performance indicators both on the basis of initial data 
about the system and on the basis of simulation results, 
as well as to analyze and compare them with actual 
indicators obtained from MDC/MDA systems. The 
production system at this stage is considered as a stable 
system. The result of the software tool is the formation 

of analytical reports containing the necessary data in a 
visually understandable form, providing decision-
making support for managers at various levels [8,9,19-
22]. 

The next stage of the analysis is the simulation of the 
functioning of the entire PS or its individual divisions. 
simulation modeling in the form of an algorithm 
reproduces the logic of the PS functioning in time and 
allows us to take into account the sequence and 
interaction of production processes, as well as random 
events. In simulation modeling, the PS is considered as 
an unstable system and random factors arising in the PS 
are taken into account. System simulation discrete 
industries PlantTwin allows to consider, besides the 
basic information about the production system, the 
following number of additional factors that affect the 
functioning of the PS: irregular execution time of 
technological operations; delays and deviations of the 
timing of delivery of components; different time 
transportation of workpieces between production units; 
limitation of the buffer capacity (warehouses, storage) in 
various stages of the production cycle; unscheduled 
repairs of process equipment with regard to crashes; 
repairs of equipment by operating time, etc. [23-26]. 
Accounting for the above factors in other operational 
scheduling systems is usually not carried out, but in the 
course of production, these factors can have a significant 
impact on the implementation of the production plan. 

Thus, at this stage of the analysis of the production 
system with the use of simulation modeling, it is possible 
to solve the following tasks: 
- quantitative assessment of the production capacity of 
the considered production system for the implementation 
of the production program; 
- justification of the necessary composition and quantity 
of technological equipment (jobs) to run a given 
production program; 
- validation of production plans and schedules using 
simulation; 
- analysis of the behavior of the production system and 
development of organizational and technological 
recommendations to improve its efficiency. 

Also, systems of this class allow to model different 
experiments and simulate the system behavior under 
different scenarios: for example, to assess the impact of 
organizational and technological solutions in the work of 
the PS, which allows for detailed and rapid analysis of 
design decisions [12,27]. 

The results of the analysis of PS based on building its 
digital twin, one way to control is to change the logic 
and algorithms for building a production schedule that 
does not require modification of the unit source data PS. 
Since simulation systems take into account a number of 
additional factors that affect the functioning of the PS, 
based on the simulation results, it is possible to give a 
more adequate answer about the feasibility of the 
production schedule and the stability of the PS with the 
selected control logic. thus, for effective PS 
management, it is necessary to perform preliminary 
verification of production schedules generated using 
various algorithms and determine the best of them [28-
30]. 
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Another way to manage the PS is to form 
recommendations regarding the engineering of the PS or 
the operation of the PS, i.e. changing the initial data of 
the PS. Best practices for engineering PS can be 
attributed to change of the scheme of cooperation, the 
composition of jobs and equipment, structures, 
technological processes, technological equipment and 
technological conditions, the degree of automation of the 
technological process (reduction of the human factor), 
technological procedure of manufacturing products, 
increasing the effectiveness of the system of 
technological preparation of production and flexibility of 
PS (reduction of changeover time). Suggestions for 
changing the structure of workshops, organization of the 
maintenance and repair system, processes and algorithms 
of the logistics system, conditions for the development 
of production schedules, work schedules of workshops 
and sites, personnel composition can be considered as 
recommendations for the operation of PS [31-34]. 

3 Conclusions 
Thus, the solution of the problem of effective PS 
management using its digital twin is based on the task of 
creating an adequate and consistent information model 
that defines the requirements for the data structure 
necessary to solve the corresponding problems, as well 
as for the composition and interaction of information 
systems containing and processing this data. The 
problems of analysis, modelling, valuation, forecasting 
and management of the PS is impossible without a 
coherent, logically related source data of it, as18 well as 
the complex interactions of systems of operative-
calendar planning and systems analysis, evaluation and 
modelling of the PS. 

It is shown that along with traditional approaches to 
PS management by forming recommendations in terms 
of PS engineering and its operation, the choice of the 
most rational PS management algorithms that take into 
account the peculiarities of the organization of the 
production process has a great potential. The selected 
algorithms ensure the formation of production schedules 
that take into account the reliability indicators of the PS. 
The production schedules formed in this way provide a 
higher stability of the PS during their execution, which is 
confirmed by the results of analysis and modelling using 
both computational methods and simulation modelling 
[20, 21, 26]. 

The article suggests the use of a specialized DPML 
language to describe the information model of the PS 
through the "product-process-resource" paradigm, which 
ensures the coordination of the processes of forming 
recommendations in terms of engineering and operation 
of the PS, as well as the choice of the most rational 
algorithm for managing the PS. 
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