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Abstract. The concept of a digital twin and its types are discussed in this 
paper. The essence of the development of digital twins in the SysML 
language, the use of AnyLogic (simulation software) and the use of MES 
(Manufacturing Execution Systems) software for communication with 
production systems are described. The functions of neural technologies that 
can be integrated into a modern QMS (quality management system) are 
considered. The use of digital twins in the quality management system 
allows monitoring inconsistencies in the technological component of 
production and quickly eliminating them, and also offers solutions to the 
identified problem. Companies are now finding a competitive advantage in 
digital technologies, especially digital twins, whose economic benefits are 
undeniable. The quality management system of enterprises with high-tech 
industries is more and more moving into the analysis of big data and in 
interaction with the digital environment. Thus, it is so important to pay 
attention to technologies directly related to the analysis of the quality of the 
product and the processes of its creation. As a result of the study, a clear 
connection between advanced information technologies and the 
development of the quality management system of enterprises was revealed. 

1 Introduction 
Nowadays, the economy of a new technological generation is actively developing - the digital 
economy, which is largely determined by Smart Big Data. The central place in the economy 
is occupied by the sphere of material production, i.e. a high-tech industry that must meet the 
requirements of global competitiveness, efficiency and high labor productivity. For the best 
fulfillment of the quality plan, meeting customer expectations and maintaining production at 
a high level, leading companies are rapidly developing the digital transformation of their 
production into high-tech one. [6] 

Today, the industry is developing digital platforms, for example, digital twins of real 
objects, products and production. Systems of intelligent assistants are developing, global 
automation, robotization and intellectualization of industry are taking place, and the 
transition to cyber-physical systems is under way. These global technological changes are 
accompanied by the development of fundamentally new business processes and business 
models at all levels. [1.5] 
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A digital twin is a virtual prototype of a physical object or group of objects that is designed 
to simulate their behavior. Virtual models can determine the state of physical objects, as well 
as predict, assess and analyze changes. [2] 

A high level of digital twin means that this technology must provide a difference between 
the results of virtual and physical tests within ± 5% (in this case, it has the right to be called 
a digital twin, otherwise the technology remains an electronic model, digital mock-up, digital 
prototype, etc.), which are created within the framework of traditional iterative software 
development, i.e. within the framework of software development in small stages, during 
which the obtained intermediate results are analyzed, new requirements are put forward, and 
the previous stages of work are corrected. [8] 

The digital twin answers the questions: “Where to measure?” and “What to measure?”, 
i.e. it is necessary to indicate critical areas in which sensors and critical characteristics should 
be placed, for example, deformations, temperature, pressure, vibration displacement, 
vibration acceleration, and others. Then you should indicate the path of data storage, 
processing, transmission and protection (Big Data). 

The digital twin shifts the focus to the process of generating meaningful data, during 
which intelligent big data is generated. Moreover, the digital twin makes it possible not only 
to adequately describe the behavior of a real object or product in all modes of operation 
(including normal operating conditions, violations of these conditions, emergency situations, 
etc.), but also to simulate various possible situations with a high degree of accuracy 
(including their various combinations and overlays). Thus, the digital twin has predictive 
potential, in contrast to a simple set of sensors, which only help to generate data on processes 
that have already taken place and does not allow predictions of complex phenomena and 
situations. [2,7,4] 

It is fundamentally important to distinguish digital twins from digital shadows, which are 
systems of connections and dependencies that approximately describe the behavior of a real 
object or product under certain conditions of its operation, but are not able to simulate 
situations in which the object was not used. The digital twin provides real-time monitoring 
of systems and processes, as well as timely data analysis to prevent problems before they 
occur, plan preventive maintenance, reduce or prevent downtime, add new features, plan for 
future updates and new developments. 

Also, the automatic analysis of big data using the artificial intelligence of the digital twin 
will provide options for more accurate calculation of various situations and tasks in 
production, which will have a positive effect on the final product, and for optimizing the main 
aspects of the product life cycle. At the same time, digital twin technology makes it possible 
to reduce the cost of system verification and testing. [1] 

The functionality of this technology allows the company's quality management system to 
respond to the current requirements of high-tech production and timely improve the 
production process or the product itself if it has its own digital twin. 

The use of technology reduces the company's overall product development costs. (Figure 
1) [13]. 
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Fig. 1. Redesign cost using a digital twin. 

2 Types of digital twins
The digital twin of a product combines digital modeling and system-oriented product 
development processes. It enables you to design, simulate and validate complex products, 
automate the design of electrical and electronic components, and manage software code 
without the need for physical prototypes. [9] 

Modeling, simulation and optimization of production processes in a digital environment 
with the possibility of automated code generation for programmable logic controllers (PLCs) 
form the digital twin of production. 

As a result of the joint modeling of mechatronics (mechatronics is a field of science and 
technology based on the synergistic combination of precision mechanics units with 
electronic, electrical and computer components that ensure the design and production of 
qualitatively new mechanisms, machines and systems with intelligent control) and industrial 
automation, an integral model is formed, which serves as the basis for the virtual 
commissioning of production processes. 

The optimal sequence of operations is planned based on the availability of the production 
facility and possible constraints. Automatically generated work instructions, technical and 
safety information, and other required documents are available for employees in production 
facilities in a digital form. The system quickly responds to deviations in process targets, 
enabling the transition to predictive planning. This is made possible by networked products 
and solutions for automation, industrial communication and security. 

Process digital twins are created based on the design of an optimal technological process. 
These models are then compared with the actual process parameters in real time, obtained 
from the automated process control system (APCS) or from data archives. 

The same concept is used in the case of Advanced Process Control (APC) systems, where 
the optimal production parameters of the APC system are compared with the real ones. The 
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difference between optimal parameters and actual ones is the potential of the opportunities 
for the operation of the enterprise. 

3 Planning of the production process
The entire production process can be planned and developed in the virtual world. Here, 
product and component data are connected to available manufacturing operations, 
equipment, tools, and other required resources, including supplier resources throughout the 
value chain. Even assembly operations can be modeled to optimize robot trajectories and 
provide ergonomic workspaces for personnel to reduce the risk of injury. [10] 

Continuous improvement and optimization of the material flow in production is essential 
for production planning. Simulation modeling of the latter allows one to quickly detect 
bottlenecks, increase their throughput, optimize energy consumption of the entire production 
cycle of the enterprise, prioritize and determine the directions in which the situation can be 
improved in order to avoid disruptions and instability of production, excessive consumption 
of raw materials and energy resources. 

4 Development of digital twins
SysML is a general-purpose graphical modeling language that supports the analysis, 
specification, design, and validation of complex systems. SysML includes 9 diagrams: 
package diagram, requirement diagram, action diagram, sequence diagram, state diagram, 
use case diagram, internal block diagram, and parametric diagram. 

SysML can be used at any level of system detail and helps engineers focus on design 
rather than the traditional hierarchical complexity of documents and drawings. [3] 

One of the recognized tools for implementing a simulation model as part of creating a 
digital twin is AnyLogic, a powerful and flexible simulation environment. MES-system is 
designed for modeling and control of intrashop material flows in the dispatch control loop. 
A modern MES system is designed to work with both modern IoT (Internet of Things) 
interfaces and legacy hardware, which makes it possible to endow huge amounts of data with 
usefulness and consistency. [7] 

In this case, the MES system acts as an intermediate layer of the translator, which turns 
the data flow into valuable information suitable for making strategic decisions. 

5 Conclusions
According to the Digital Twin Market report, the global digital twin market, estimated at $ 
3.1 billion in 2020, is projected to reach $ 48.2 billion by 2026. [11] 

It is possible to increase the level of management decisions made on the basis of the 
provided digital analytics by integrating information from different expert systems into a 
single and well-protected database. Integration of digital twins of equipment and process 
seems to be the most urgent today. Such a combination also opens up new opportunities for 
increasing the productivity and profitability of enterprises, and the quality of products. 

Nowadays, many companies are engaged in methodological issues of building digital 
twins: determining a set of controlled parameters (signals), their classification, etc. 

Further research in the field of digital twins should be aimed at organizing communication 
between a real industrial facility and its digital model, i.e. the exchange of signals between 
real and virtual controllers. 

Thus, the modern approach to quality management is increasingly becoming a digital 
version of the quality management system, which is driven by artificial intelligence. 
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