
Vol.:(0123456789)1 3

https://doi.org/10.1007/s00170-022-10445-3

ORIGINAL ARTICLE

Digital twin and its applications: A survey

Rui Zhang1 · Fang Wang1 · Jun Cai2 · Yan Wang3 · Hongfei Guo4,5 · Jingsha Zheng1

Received: 21 December 2021 / Accepted: 6 November 2022 
© The Author(s), under exclusive licence to Springer-Verlag London Ltd., part of Springer Nature 2022

Abstract
Digital twin is a technology that integrates multi-physical, multi-scale, and multi-disciplinary attributes. At the same time, 
it has the characteristics of real-time synchronization, faithful mapping, and high fidelity. It can realize the interaction and 
integration of physical world and information world. In recent years, digital twin technology has attracted the attention of 
academic and business circles, especially its application. Based on this background, this paper summarizes the concept and 
evolution of digital twin, studies the application tools and platforms of digital twin, and discusses the relationship between 
digital twin and related technologies. Then we focus on the application scenarios of digital twin, and summarize the new 
trends and requirements of digital twin application. The purpose of this paper is to provide reference for the practice of digital 
twin concept and technology in related fields in the future.
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1  Introduction

Recently, many countries around the world have issued 
their own advanced manufacturing development strategies 
in order to realize intelligent manufacturing, which inte-
grates cloud computing, Internet of Things (IoT), and big 
data. Some examples include industrial Internet in the USA 
[1], and industrial 4.0 in Germany [2], as well as “made 
in China 2025” and “Internet + ” in China [3]. To reach 
this goal, digital twin has been introduced as one of the 
most promising technologies, which is good at realizing 

interactive integration of the physical world and the infor-
mation world of manufacturing [4]. Gartner, the most 
authoritative IT research and consulting company in the 
world, ranked digital twin as one of the top ten strategic 
development technologies in 2016 and 2017 [5]. Lockheed 
Martin, the world’s largest arms manufacturer, also ranked 
digital twin as the no. 1 of the six top technologies in the 
future defense and aerospace industry in November 2017 
[6]. On December 8, 2017, the Intelligent Manufacturing 
Alliance of CAST Member Societies listed digital twin as 
one of the top ten scientific and technological advances in 
intelligent manufacturing in the world [7].

Because of its great development potential, digital twin 
technology has attracted more and more attention from both 
industry and academia. In recent years, several works related 
to reviewing digital twin technology have been published in 
the literature, which summarized basic concepts, technical 
connotations, and development trends. All these works can be 
classified into three categories: the first is to review theoretical 
research progress of digital twin technology and its basic con-
cepts, structures, and characteristics [8, 9, 10]; the second is to 
summarize the investigation of digital twin and its application 
fields, focusing on guiding the development and application 
of digital twin in today’s academic and industrial environment 
[11, 12, 13]; and the third is to put forward a new concept of 
“digital twin workshop” and review the related applications of 
digital twin technology around this concept [14, 15].
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Different from all these existing works, in this paper, we 
(i) discuss the concept of digital twin and its evolution pro-
cess, (ii) emphasize the advantages of digital twin compared 
with the existing technology, (iii) aim to investigate the spe-
cific implementation of digital twin application platform, 
and (iv) assess the realization possibility in the future so 
as to propose new trends and new needs. On this basis, this 
paper summarizes the applicability of digital twin in the 
main application scenarios, as well as the difficulties and 
challenges faced.

A set of general questions that this article raises for inves-
tigation include the following:

1	 How was the digital twin proposed? How did it evolve? 
What are its applicable criteria? These topics will be 
presented and discussed in Section 2.

2	 Are there any commercial tools and platforms to support 
the construction and application of digital twin? What 
problems need to be solved? These topics will be dealt 
with in Section 3.

3	 What are the current technologies related to digital twin? 
What do they have to do with digital twin? The reader 
will find these topics in Section 4.

4	 How is digital twin applied in real environment? What 
are the ways to use it? What are the important practical 
benefits of using digital twin's features? These matters 
are analyzed in Section 5.

5	 Based on the practical application cases of digital twin, 
what are the new trends and requirements for the devel-
opment and application of digital twin in the future? 
These themes are presented in Section 6.

2 � The evolution and applicable criteria 
of the digital twin technology

Digital twin technology is also known as digital image and 
digital mapping. It uses data to simulate the behavior of 
physical entities in the real environment, so as to increase 
or expand the ability of physical entities through virtual real 
interaction feedback, data fusion analysis, decision iteration 
optimization, and other means. It can further describe the 
fusion state between physical world and information space, 
which is suitable for application optimization of practi-
cal engineering and can effectively deal with complex and 
changeable engineering construction problems [16]. Digital 
twin plays a role of bridge or link between the physical world 
and the information world in the whole life cycle of prod-
ucts, and provides more real-time, efficient, and intelligent 
services to the production process [17, 18, 19].

2.1 � The evolution of the digital twin technology

A timeline on the development of digital twin technology 
is shown in Fig. 1. In 2002, Professor Michael Grieve pro-
posed the concept of “virtual digital expression equivalent to 
physical products” in the course of “product life cycle man-
agement” at the University of Michigan, and gave the defi-
nition “one or a group of digital copies of a specific device 
can abstract the real device and can be tested under real or 
simulated conditions” [20]. This concept was further called 
“mirrored spaced model” in 2003–2005 and “information 
mirroring model” in 2006–2010. Although this concept in 

Fig. 1   Digital twin development process
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fact is not “digital twin,” both of them share some common 
constituent elements, such as virtual space, physical space, 
and interface between them. In 2011, Professor Michael 
Grieve said in his book “virtual perfect model of Intelligent 
Manufacturing: driving innovation and Lean products” that 
digital twin is composed of three parts: physical products 
in the physical world, virtual models in the virtual space, 
and data interface between physical world and virtual space 
[21]. In 2012, the National Aeronautics and Space Admin-
istration released the road map of “modeling, simulation, 
information technology and processing,” and the concept of 
digital twin officially entered the public view. In 2013, the 
U.S. Air Force’s science and technology planning document, 
Global Horizon, defined digital twins as a “game chang-
ing” technology. In 2014, Boeing, GE, and other companies 
launched a series of application research projects focusing 
on digital twin, and established theory and technology sys-
tem for digital twin. Later, they turned this military technol-
ogy into civilian use, and used “digital twin supply system” 
in asset management business and construction of indus-
trial Internet. At the 2016 Siemens Industry Forum, Siemens 
expanded the concept of digital twin to consist of digital 
twin of products, digital twin of production process, and 
digital twin of equipment so that digital twin could repro-
duce the whole enterprise comprehensively and accurately. 
In [22], the authors gave the composition of digital twin 
from the perspective of product, which mainly included 
product design data, product process data, product manu-
facturing data, product service data, product retirement, 
and scrap data. Some other researchers proposed the com-
position of digital twin from the perspective of production, 
which included product design, process planning, production 
layout, process simulation, output optimization [23], to be 
more comprehensive and more in line with the requirements 
of intelligent factory. Besides, the composition of digital 
twin was also addressed from the perspective of workshop 
composition, which mainly included physical workshop, 
virtual workshop, workshop service system, and workshop 
twin data. The physical workshop is a real workshop, which 
mainly receives production tasks from the workshop service 
system and performs the tasks according to the execution 
strategy optimized by virtual workshop simulation. Virtual 
workshop is the equivalent mapping of logistics workshop, 
which is mainly responsible for simulation analysis and opti-
mization of production activities, real-time monitoring, and 
prediction and adjustment of production activities in physi-
cal workshop. Workshop service system is the general name 
of all kinds of software systems in the workshop, which is 
mainly responsible for the operation of digital twin driving 
physical workshop and receiving production feedback from 
the physical workshop [24, 25]. Since 2017, digital twin has 
developed from a new management paradigm for industrial 
production process to a key technology of industrial Internet.

2.2 � The applicable criteria of the digital twin 
technology

Not all objects and enterprises are suitable for the appli-
cation of digital twin technology, which should be deter-
mined by integrating the product type, complexity, oper-
ating environment, performance, economic and social 
benefits, and other different dimensions of the enterprise. 
In order to assist enterprises to make correct decisions 
according to their own conditions, this section attempts to 
summarize the applicable principles of digital twin from 
different dimensions:

•	 Product
	   Digital twin is applicable to the production of asset 

intensive and high-end products with high single value, 
such as wind turbines, nuclear power equipment in the 
energy field, CNC machine tools in the manufacturing 
field, and helicopters and automobiles in the transporta-
tion field. In the process of product production, digital 
twin is based on the multi-dimensional, multi-time, and 
multi-scale model that truly depicts physical products 
and the twin data of the whole life cycle, so as to carry 
out product design optimization, intelligent production, 
and reliable operation and maintenance.

•	 Complexity
	   Digital twin is applicable to complex products, pro-

cesses and demands. Complex processes such as discrete 
dynamic manufacturing processes and complex manu-
facturing processes, complex demands such as rapid 
personalized design requirements of complex production 
lines, complex systems such as ecosystems and satellite 
communication networks, and complex products such 
as 3D printers and aeroengines. Digital twin supports 
the reconstruction of complex products, processes, and 
demands in the time and space dimensions, and supports 
the reconstruction of key nodes. Simulation, analysis, 
verification, and performance prediction are carried out 
in this link.

•	 Operating environment
	   Digital twin is applicable to extreme operating envi-

ronment, extremely high or deep environment such as 
high-altitude flight environment, extremely hot or cold 
environment such as high-temperature cracking furnace 
environment, extremely large or extremely small scale 
such as ultra large steel ingot extreme manufacturing 
environment, micron and nano precision processing 
environment, and extremely dangerous environment such 
as nuclear radiation environment. Digital twin supports 
independent perception of operating environment, real-
time visualization of operating state, multi-scale simula-
tion of multi granularity and multi-scale, and real-time 
interaction between virtual and real.

4125The International Journal of Advanced Manufacturing Technology (2022) 123:4123–4136
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•	 Performance
	   Digital twin is applicable to instruments and systems 

with high precision, high stability, and high reliabil-
ity, such as precision optical instruments and precision 
assembly process, high stability such as power grid sys-
tem and oil and gas pipeline, and high reliability such 
as railway operation and industrial robots. Digital twin 
provides real-time performance evaluation, fault predic-
tion, control and optimization decision-making for its 
installation, commissioning, and operation.

•	 Economic performance
	   Digital twin is applicable to industries that need to 

reduce input–output ratio, automobile manufacturing in 
manufacturing industry, warehouse storage and logis-
tics system in logistics and transportation industry, steel 
smelting in metallurgical industry, and crop health moni-
toring in agriculture and animal husbandry. Digital twin 
supports information sharing and enterprise collabora-
tion in the industry, so as to realize the optimal allocation 
and lean management of industry resources and improve 
quality and efficiency.

3 � Means and platform to realize digital twin

3.1 � Technology

With the rapid development of digital twin technology, 
specific tools and platforms are needed for its applications. 
In general, these tools and platforms can be classified into 
four categories: modeling, simulation, operation, and 
interaction, as shown in Fig. 2. The modeling platforms 
include SolidWorks, 3D Studio MAX, and AutoCAD, 
which provide various graphics and image data exchange 

formats and corresponding commands [26]. The simula-
tion platforms include Simulink of MATLAB, twin build 
of ANSYS, Azure of Microsoft, 3D experience of Das-
sault, and Teamcenter, which contain data and simulation 
model related to physical objects [27]. The operation plat-
forms include plant simulation, Eclipse ditto, Watson IoT, 
IBM, etc. [28]. Plant simulation can verify the layout of 
workshop; Eclipse ditto can liberate IoT solutions from 
the requirements of implementing and operating custom 
back-end; both Watson IoT and IBM can combine various 
digital threads and data streams to create multiple views 
of the product. The interactive platforms include unity3D 
[29], which can create various types of interactive content, 
and predix [30], which can provide Physical model.

Note that although there exist many commercial tools 
and platforms that can facilitate the construction and appli-
cation of digital twin, from the perspective of functionality, 
most of them focus on one or some specific dimensions, and 
are difficult in interaction, integration, and compatibility. In 
the future, how to realize the assembly and integration of 
different digital twins provided by different users for con-
structing complex products, systems, and processes will 
become a new challenge. In addition, different from prod-
uct developers or providers who master the specific data, 
process, technology, and principle, it is very difficult for the 
third parties (such as product end users, product operation, 
and maintenance personnel) in the construction of digital 
twin. This requests the support from commercial tools and 
platforms to provide comprehensive functions and strong 
integration. The existing technologies in related fields are 
inextricably related to digital twin. In order to have tools 
and platforms for building digital twin with complex pro-
cesses in the future, it is necessary to study the relationship 
between digital twin and related technologies.

Fig. 2   Digital twin tools and 
platforms
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4 � The relationship between digital twin 
and CAD/PLM/industrial Internet/CPS

Digital twin is a technology that integrates sensing, net-
working, big data analytics, artificial intelligence, control, 
and modeling. In order to better understand this new con-
cept, this section makes a brief comparison between the 
digital twin and other related technologies used in tradi-
tional industrial design, manufacturing, and service, such 
as CAD, product life cycle management (PLM), industrial 
Internet, cyber physical system (CPS), and industrial soft-
ware/industrial APP. The relationship between digital twin 
and these related technologies is shown in Fig. 3:

•	 CAD is a static two-dimensional or three-dimensional 
mathematical modeling technology, while digital twin is 
a dynamic three-dimensional model based on high fidel-
ity. A very important relationship between digital twin 
and CAD is data association. Moreover, digital twin is 
closely connected with physical entity, which is endowed 
with various attributes and functional definitions, includ-
ing material, perception system, machine motion mecha-
nism, etc. Because of this, digital twin can realize the 
association of assembly relationship data, manufactur-
ing information data, functional performance data, health 
detection data, identity recognition data, and real-time 
detection data.

•	 PLM manages the design and manufacturing of a prod-
uct, but the changes of engineering status in manufactur-
ing cannot be fed back to the researchers and develop-
ment designers. Related to PLM, digital twin can use 
PLM to manage the life cycle of products or devices and 
output files from PLM Software. When digital twin is 

used, the whole process of physical products (includ-
ing loss and scrap) is presented digitally, which makes 
the concept of “whole life cycle” transparent, so that the 
automatic management of products becomes practical.

•	 Industrial Internet is a result of the integration of global 
industrial systems with advanced computing, analysis, 
sensing technology, and Internet connectivity. It has the 
ability of data acquisition and exchange for various phys-
ical entities, and can place data transmission and storage 
on the edge or cloud. Since the core of digital twin is 
model and data, and needs interconnection to realize the 
interaction of information instructions, industrial Internet 
provides a feasible solution, which makes digital twin 
become a dynamic model with vitality.

•	 CPS is a multi-dimensional complex system integrating 
computing, network, and physical environment. Digital 
twin shares some common features with CPS in the state 
monitoring and control of physical entities. However, 
CPS takes process as the core, while digital twin takes 
assets as the core.

•	 Industrial software is the substantiation of knowledge and 
experience in the process of product development, and 
is the source support of the service-oriented feature of 
industrial APP. Industrial app can analyze a large number 
of industrial data, and then form the evaluation result 
feedback and store it in the digital twin, so that the prod-
uct and production mode can be optimized.

In short, digital twin is the rebirth of CAD model and the 
new substitute of physical prototype. Along with the digital 
twin, PLM can really become a reality. Digital twin is an 
important scene of industrial Internet, which has the char-
acteristics of “virtual and real synchronization, integrating 

Fig. 3   The relationship between 
digital twin and related technol-
ogy

4127The International Journal of Advanced Manufacturing Technology (2022) 123:4123–4136



1 3

virtual with real, controlling real with virtual,” and it is an 
effective support for the industrial Internet platform to con-
nect the soft and hard links. Digital twin is the foundation 
for building CPS and the necessary stage of CPS develop-
ment. It realizes the feedback from the real physical system 
to the digital model, and can actually ensure the coordination 
between the digital and the physical world in the whole life 
cycle of products. Digital twin is an important embodiment 
of industrial software/industrial APP. The emergence of 
digital twin is a new technological breakthrough in the field 
of traditional industrial design, manufacturing, and service. 
It is expected to bring a new round of technological innova-
tion in these fields.

5 � Research on digital twin technology 
in intelligent manufacturing field and its 
application potential in other fields

Reconstructing the physical world through digital twin 
technology has been applied in many fields, from the early 
aerospace military industry to the broader civil field, from 
large-scale equipment manufacturing to consumer goods 
manufacturing. Digital twin technology has shown great 
application potential, especially in the field of intelligent 
manufacturing. Figure 4 summarizes some main applica-
tion scenarios of digital twin technology. In this section, 
the theoretical research and practical application of digital 
twin technology in the field of intelligent manufacturing 
will be discussed in detail, and its application potential 

in the fields of electric power, medical treatment, urban 
management, and agriculture will be summarized.

5.1 � The theoretical research of digital twin 
in intelligent manufacturing

Digital twin is a technology that makes full use of model, 
data, and intelligence and integrates multiple disciplines. It 
can provide more real-time and intelligent services in the 
application process of intelligent manufacturing. Therefore, 
it has become a hotspot of academic research. Among them, 
Boschert published the first paper on the application of digi-
tal twin technology in intelligent manufacturing industry, 
which opened the foundation of theoretical research by 
applying digital twin technology to intelligent manufactur-
ing industry, and preliminarily gave the basic workflow of 
digital twin simulation modeling [31]. In order to develop 
a new mode of digital industrial manufacturing, Siemens 
designed and manufactured a small industrial control com-
puter nanobox PC using digital twin technology [32]. Lu 
[33] analyzed the connotation, application scenarios, and 
research issues of digital twin–driven intelligent manufactur-
ing under the background of industry 4.0. This paper sum-
marized the definition of digital twins and the latest devel-
opment results. Zhou [34] proposed the overall framework 
of digital twin manufacturing cell, providing a realistic per-
spective for the research of intelligent manufacturing para-
digm. Tao [35, 36] summarized the concept of big data and 
digital twin in manufacturing industry and its application 
in product design, production planning, manufacturing, and 
predictive maintenance. On this basis, the similarities and 

Fig. 4   Digital twin main appli-
cation scenario
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differences between big data and digital twin are compared 
from the overall and data perspectives, and the composition 
and operation mechanism of DTS are designed. The four 
characteristics and five major key technologies of realizing 
DTS are expounded, which provides basic theoretical sup-
port and reference for the implementation and application of 
digital twin in production and manufacturing.

5.2 � The practical application research of digital 
twin in intelligent

5.2.1 � Manufacturing

The advantages of digital twin in the manufacturing industry 
are remarkable. There is a saying in the industrial circles 
that “1% revolution in the industrial field, the global indus-
trial production efficiency is increased by 1% and the cost 
is reduced by 30 billion.” Digital twin can greatly improve 
the understanding, control, and prediction of mechanical 
equipment and processes through the real-time understand-
ing of target perception data and the prediction and analysis 
of empirical models. Intelligent manufacturing generally 
includes three aspects: (i) intelligence of products and equip-
ment, (ii) intelligence of production process, and (iii) intel-
ligence of service. Therefore, intelligent manufacturing is 
commonly referred to as the general name of advanced man-
ufacturing processes, systems, and modes based on the new 
generation of information technology, which run through 
all links of manufacturing activities such as design, produc-
tion, management, and service, and have the functions of 
deep self-perception of information, intelligent optimization, 
self-decision-making, accurate control, and self-execution.

Although intelligent manufacturing equipment industry 
has made some development in recent ten years, it is still 
relatively weak, and there are challenges in key basic intel-
ligent technology, design, and integration ability. It is mainly 
reflected in the weak digital foundation, which is in the tran-
sition stage from mechanical automation to digital automa-
tion; the enterprise system integration ability is relatively 
weak, the quality and level are not high, and there is a lack 
of personalized customization, intelligent manufacturing, 
productive services, etc. The use of digital twin technol-
ogy can improve the efficiency of design, operation, control, 
and management in the field of Intelligent Manufacturing 
in three aspects: product life cycle optimization, control of 
whole production process management, control and product/
production line/logistics simulation.

Product life cycle optimization  The product life cycle con-
sists of seven parts: product strategy, product market, prod-
uct demand, product planning, product development, prod-
uct listing, and product market. Optimizing the product life 
cycle will help to improve the production efficiency of the 

manufacturing industry. Through design tools, simulation 
tools, Internet of things, and other means, digital twin maps 
various attributes of physical equipment into virtual space 
to form a detachable, reproducible, modifiable, and erasable 
digital image, which improves the operator’s understanding 
of physical entities. This will make production more conven-
ient and shorten the production cycle. From the perspective 
of digital design and related technologies, the digital twin 
technology can be introduced into the existing intelligent 
product design framework [25, 37]. By using the digital 
twin intelligent task planning method, the required work 
can be completed while meeting the production require-
ments. By building a digital twin model with scalability, 
interoperability, and fidelity attributes, the reference model 
is transformed, combined, decomposed, and evaluated in the 
product life cycle [38, 39], which can reduce the workload 
of using simulation technology in the whole life cycle of 
complex technology system.

Control of workshop production process  The control of 
workshop production process aims to avoid all possible 
waste during this process in order to achieve the goal of zero 
switching waste, zero inventory, and zero defect. In reality, it 
has to face challenges, such as serious waste of materials in 
the production process, widespread invalid labor, and poor 
production site environment. To address these challenges, 
the researchers applied the digital twin technology to the 
whole production process management and control, and real-
ized the workshop management and control by combining 
the digital twin, enterprise information system, and existing 
information technology [40]. In addition, by synchronizing 
the digital model with the virtual and real of physical equip-
ment, a digital twin system workshop can be formed [41, 
42]. The modeling results are combined with the measure-
ment data to build an iterative evolutionary model structure 
[43, 44] for the performance evaluation and adjustment of 
the workshop, so as to realize the control of the production 
process.

Simulation of product/production line/logistics  Simula-
tion is an indispensable tool in the process of product 
design and manufacturing. It plays a great role in reduc-
ing losses, saving funds, shortening development cycle, 
and improving product quality. Complex product/produc-
tion line/logistics system faces corresponding challenges 
in simulation modeling, simulation operation, evaluation 
analysis, and decision support. Digital twin supports sys-
tem manufacturing, understanding, prediction, and opti-
mization through intelligent perception and simulation. 
Digital twin technology is used to create digital copies 
of components, equipment, and systems. Through vir-
tual verification and optimization in virtual space, the 
operation efficiency of real scenes can be improved [32, 
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45]. In addition, building a digital twin network model 
through blockchain technology can simulate and realize 
product data management [38, 39].

In summary, in the field of intelligent manufacturing, 
the use of digital twin technology will greatly promote 
the reform of product design, production, maintenance, 
and repair. At present, the main problem is that the func-
tional units of evaluation objects in the process of prod-
uct boundary definition and target determination cannot 
be accurately confirmed. In addition, it is very difficult 
to solve the multi-objective optimization problem of 
product life cycle. At present, the major difficulty in 
applying digital twin technology to the whole produc-
tion process management and control of workshop is 
that the actual workshop managers lack comprehensive, 
full-scale, and unified decision support technology and 
tools. Moreover, traditional workshop data integration 
and product data integration lack relevant fusion tech-
nology, which cannot provide data governance services 
combining digital twin technology. For applying digi-
tal twin to product/production line/logistics simulation, 
the simulation experiment needs technicians to have a 
more in-depth and clear understanding of the theoreti-
cal mechanism, and at the same time, it cannot be too 
idealistic to put aside the actual situation. Therefore, in 
the application process of digital twin, it is difficult to 

start the work when the simulated data is difficult to be 
measured. These problems will be the research hotspots 
of digital twin applied in intelligent manufacturing field 
in the future. Table 1 lists the current application cases 
of digital twins in the field of intelligent manufacturing.

5.3 � The application potential of digital twin 
in other fields

With the gradual appearance of the application value of 
digital twin, in addition to being widely concerned in the 
field of intelligent manufacturing, digital twin technol-
ogy has also received attention and application practice 
from the electric power, medical and health, urban man-
agement, and agricultural industries.

In the application of electric power, digital twin is the 
most promising enabling technology to realize smart grid. 
Digital twin technology can be combined with deep learning 
technology to realize real-time maintenance and feedback 
closed-loop operation after analyzing and processing the 
characteristic data based on the operation data and equipment 
status of power equipment [40]. The digital twin of power 
system is a new product under the joint action of multiple 
backgrounds of data science. It can build the data model of 
power system and has good applicability to meet the needs 
of the development of the times [41]. Table 2 lists the current 
application cases of digital twins in the field of power system.

Table 1   Application of digital twin in intelligent manufacturing

Product life cycle optimization based on digital twin (1) A new DT-driven intelligent product design (DTPD) framework [25]
(2) A new PLM paradigm for multi-life cycle remanufacturing process 

[37]
(3) An intelligent task planning method based on digital twin method [38]
(4) A new type of “testable digital twin” was produced by combining 

virtual test bench and digital twin [39]
Whole process management and control of workshop-oriented 

production driven by digital twin
(1) A workshop management and control system by combining digital 

twin, enterprise information system and existing information technology 
[40]

(2) A digital twin method to measure and reduce the residual strain in the 
manufacturing process [41]

(3) An architecture based on digital twins for the workshop of flow intel-
ligent manufacturing system in the Industrial 4.0 environment [42]

(4) A new digital twin workshop driving method for rapid reconfiguration 
of automated manufacturing system [43]

(5) An assembly workshop as the research object based on digital twin 
method [44]

Simulation of product/production line/logistics based on digital twin (1) PickMaster Twin to test the robot configuration on the virtual produc-
tion line [32]

(2) A “digital twin” program to encourage small and medium-sized con-
tractors [45]

(3) A digital twin peer-to-peer network realized product data management 
through simulation [38]

(4) A digital twin simulation method of naval ships [39]
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In the field of medical and health, digital twin technol-
ogy provides a conceptual framework to analyze emerging 
data-driven healthcare practices and is helpful to solve 
the current problems in the development of medical field 
in terms of hospital navigation and equipment manage-
ment, hospital operation simulation, and health treat-
ment. Digital twin has broken through the limitations on 
the development of the medical field at both technology 
and mechanism levels. In the medical field, digital twin 
will become a new platform and experimental means for 
personal health management and health medical services. 
Table 3 lists the current application cases of digital twins 
in the medical field.

Smart city is a new direction developed on the basis 
of information port and digital city. The rapid develop-
ment and change of information technology make the 
“smart city” face severe challenges in technology and 
platform selection. In the field of smart city, digital twin 
technology can accelerate the integration and applica-
tion of information resources through data collection, 
and timely find and solve the problems of uneven data 
quality, data redundancy, data lack of value, and so on 
through quality management, and improve the govern-
ment’s public service level through accurate analysis. 
Digital twin will promote the construction of smart city 

in terms of comprehensive urban safety management, 
smart community construction, and smart traffic man-
agement. Digital twin city is the typical application of 
digital twin technology at the urban level, which can 
promote people-centered urban design and realize col-
laborative innovation in smart city construction. Table 4 
lists the current application cases of digital twins in the 
field of smart city.

In the field of agriculture and animal husbandry, how to 
use big data, great wisdom, and big algorithm to establish 
a digital agriculture and animal husbandry system and how 
to transform the data into economic benefits, into a huge 
driving force for enterprise development, and into a bench-
mark and banner for industry development are the chal-
lenges faced by the development of agriculture and animal 
husbandry industry. As a multi-disciplinary technology that 
makes full use of model, data, intelligence, and integration, 
the application of digital twin in the field of agriculture and 
animal husbandry is divided into two aspects: agricultural 
management and animal husbandry management. In the 
field of agriculture and animal husbandry, digital twin is 
expected to become the core means of management, which 
may completely change agriculture. Table 5 lists the current 
application cases of digital twins in the field of agriculture 
and animal husbandry.

Table 2   Application of digital twin in power field

Intelligent inspection An accurate digital model of an electrical network for modeling, optimization, and control [40]
Load forecasting and user behavior analysis A framework of power grid digital twin for computing the output of the network [41]

Table 3   Application of digital twin in medical and health field

Hospital navigation and equipment management 
based on digital twin

(1) A 3D model of the hospital can be built by digital twin technology [46]
(2) A navigation route and itinerary planning can be customized in the digital world [47]
(3) The emergency rescue flow line, infection control flow line, and barrier-free flow line 

can be planned by digital twin technology [48]
(4) A BIM information model was built by digital twin [49]

Hospital operation simulation based on digital twin (1) Digital twin technology combined with big data and VR system [50]
(2) A new framework of hospital twin [51]
(3) A digital hospital model established by digital twin [52]
(4) A “continuous life cycle integration” method based on the concept of digital twin [53]

Health treatment based on digital twin (1) Experts carry out visual consultation to various data and models [54]
(2) Digital twin can build the operation procedure plan before operation [55]
(3) Digital twin allows virtual experiment and clinical experiment of drugs on molecular 

cell level [56]
(4) A method and algorithm to optimize the treatment of individual patients by extensive 

digital twin simulation [57]
(5) A software framework called Smart Fit to monitor and manage athletes’ fitness activi-

ties and results [58]
(6) An artificial intelligence model to predict the response to treatment in early stages of 

critical illness [59]
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6 � Future trends of digital twin

The application of digital twin technology in various fields is 
still a developing subject, and there are still many challenges 
waiting for solutions. With the continuous development of 
corresponding theories and technologies, the development and 
application of digital twin show new trends and new demands.

To meet the needs of intelligent interconnection  The appli-
cation foundation of digital twin is intelligent interconnec-
tion. Intelligent interconnection refers to two-way commu-
nication and closed-loop control between physical entities, 
virtual model data, and services. This is the cornerstone to 
realize the interaction and integration of virtual and real 
digital twins. At present, there are deficiencies in the appli-
cation scope and accuracy of industrial interconnection 
methods. These deficiencies mainly including unstructured 
data generally do not have explicit attribute names, its entity 
attributes do not necessarily appear in structured data, and 
entity attributes in structured data do not necessarily find 
corresponding new entities in unstructured data. The key is 

that there is no effective solution to determine the similarity 
judgment threshold. Secondly, big data fusion is oriented 
towards cross language fusion, and there are few research 
results in this field. In view of the existing problems, some 
scholars began to study the real-time interconnection method 
for digital twin technology, such as interconnection between 
physical entities and virtual entities based on middleware 
[76], real-time communication and data exchange of infor-
mation system based on Automation ML [77], industrial 
Internet for real-time collection and integration of multi-
source heterogeneous data in intelligent manufacturing Hub 
[78] and remote interaction between field physical devices 
and models and users based on MT Connect [79], so as to 
meet the needs of industrial interconnection.

To meet the data requirements of physical information 
fusion  Data is the core driving force of digital twin. Com-
pared with traditional digital technology, digital twin empha-
sizes the fusion of information and physical data [80, 81]. 
At present, digital twin mainly relies on the data of infor-
mation space for processing, simulation analysis, virtual 

Table 4   Application of digital twin in smart city

Comprehensive management of urban security 
based on digital twin

(1) A digital twin model of urban building [60]
(2) A vision for a Disaster City Digital Twin paradigm [61]
(3) The fire drill program can be developed based on the digital twin [62]

Smart community construction based on digital twin (1) A digital twin information system to innovate and develop the service mode of educa-
tion, employment, social security, pension, medical care, etc. [63]

(2) A public and open digital twin of the Docklands are in Dublin, Ireland [64]
(3) The methods and tools for a cognition-driven, personalized information system [65]
(4) A digital twin city (DTC) model that integrates multimodal data (physiological sens-

ing, visual sensing) on environmental demands in urban communities [66]
Intelligent traffic management based on digital twin (1) The digital twin technology can identify and optimize the regional road conditions and 

plan the optimal navigation path for the ambulance [67]
(2) A new network architecture, IDT-SDVN, by maximizing the advantages of SDVNs 

[68]

Table 5   Application of digital twin in the field of agriculture and animal husbandry

Agricultural management based on digital twin (1) A method combining agent technology with machine learning to develop network 
physical system with digital twin plants [69]

(2) A model to realize digital twin in sustainable agriculture to monitoring and optimi-
zation of agricultural food life cycle [70]

(3) The virtual model for agriculture can digitally copy the real farm [71]
Animal husbandry management based on digital twin (1) A management platform to put forward the digital twin in the field of animal hus-

bandry [72]
(2) A pig model to simulate the best breeding period of pigs by identifying shared data 

and simulating average feed consumption and weight gain [73]
(3) A design concept of intelligent pig farm using digital twin technology to improve 

animal welfare [74]
(4) A solution based on digital twin to remotely monitor the silo storage of livestock 

farms and optimize the supply route [75]

4132 The International Journal of Advanced Manufacturing Technology (2022) 123:4123–4136



1 3

verification, and operation decision-making. It lacks the 
consideration and support of sudden disturbance data and 
transient abnormal data, which may lead to the problem 
of “imitation but not truth.” Although part of the current 
system has used information data and physical data at the 
same time, in the real implementation process, these two 
kinds of data are often isolated, and the consistency and syn-
chronization of information physics are poor. This results in 
problems such as difficult interaction and deep fusion, poor 
real-time and accuracy of the results. How to realize digital 
twin physical information fusion is the trend of digital twin 
development in the future. Recent development in this field 
includes data-driven intelligent manufacturing [82], design 
system [83], operation and maintenance [84], simulation, 
and optimization [85], etc.

To meet the needs of deep integration with the latest tech‑
nologies  The deep integration of digital twin and the latest 
technology can realize the integration of information physi-
cal system, and then realize the integration of information 
physical data. The application of digital twin is inseparable 
from the support of virtual real interconnection technology, 
data storage and sharing technology, big data technology, 
and data fusion technology. The difficulty in realizing the 
integration with new technologies lies in the fact that the 
transmission interface and standard of the data network can-
not be unified. Different buses themselves bring obstacles to 
the integration. Secondly, it is also faced with the problem 
that the definition of the connection port standard and format 
between the edge controller and the cloud cannot be unified. 
To solve these problems, the deep integration of digital twins 
and the latest technology can realize the integration of infor-
mation physical systems, and then realize the integration of 
information physical data. At present, there are researches 
on the integration of digital twin and the latest technology, 
such as digital twin reference model based on information 
physical system [86], virtual reality fusion and interaction 
of digital twin driven by VR/AR [87], intelligent manufac-
turing mode driven by digital twin and big data fusion [88], 
and three-tier architecture of digital twin based on cloud, 
fog, and edge [89].

To meet the needs of dynamic multi‑dimensional and 
multi‑scale models  Traditional digital modeling mainly 
focuses on the construction of geometric and physical dimen-
sional models, but with the improvement of system functional 
complexity, the construction of models needs to be integrated 
from different dimensions, different spatial scales, and differ-
ent time scales. Traditional technology cannot meet the needs 
of dynamic multi-dimensional multi-temporal and spatial 
scale model. To solve this problem, the digital twin technol-
ogy research team of Beihang put forward the digital twin 

five-dimensional model, and studied the composition archi-
tecture [90] and application criteria of the digital twin five-
dimensional model. These studies will provide a reference for 
the application of digital twin technology to build dynamic, 
multi-dimensional, and multi-temporal scale models.

To meet the needs of application expansion  Digital twin 
was first applied in military industry and aerospace field, 
and gradually expanded to civil field in recent years, includ-
ing intelligent manufacturing, electric power, automobile, 
medical, smart city, etc. It is expected that in the future, the 
application field of digital twin could be further expanded.

7 � Conclusion

As an enabling technology and method to practice the 
advanced concepts of intelligent manufacturing, industry 
4.0, industrial Internet, CPS, and smart city, digital twin is 
widely concerned by enterprises, research institutions, and 
researchers. At present, digital twin has been introduced 
into China for only a few years, and it is in the preliminary 
exploration and practice stage. There is still a long way to 
go before it is widely used. At present, there are still many 
problems in the application of digital twin technology: (i) 
digital twin needs high fidelity simulation modeling tech-
nology in the aspect of model construction. Digital twin 
is the hyper realistic dynamic model of physical entity in 
digital space. High precision of product virtual model, multi 
physical field modeling, and high fidelity response simula-
tion are the primary technical problems to be solved. (ii) In 
the aspect of information physical data fusion, digital twin 
needs to be based on massive data of all elements and whole 
life cycle, and the technical problems related to advanced 
sensor technology, adaptive sensing, precise control, and 
execution need to be solved. (iii) Digital twin need analysis 
and decision-making to control physical products in terms 
of interaction and collaboration, and this process requires 
corresponding technical capabilities such as high real-time 
data interaction, high confidence simulation and predic-
tion, and super computing power. This paper reviewed the 
concept and evolution of digital twin, and introduced the 
tools and platforms of digital twin. Moreover, this paper 
discussed the relationship between digital twin and related 
technologies, and introduced the application scenarios 
of digital twin. Starting from the application needs, we 
summarized the new needs and new trends of the future 
development of digital twin. The purpose is to constantly 
stimulate human innovative thinking and constantly pursue 
optimization and progress. We hope that the related work 
can provide inspiration and reference for further research on 
digital twin theory, technology, and engineering application.
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