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Abstract. Digital Twin (DT) is being considered a significant enabler for Industry 
4.0 initiatives. Within Industry 4.0, the amount of digital product information 
generated and collected over the entire lifecycle has been growing. Current 
information and communication technologies, including data storage, data 
processing, and wireless data transmission, may be leveraged to digitally mirror 
the lifecycle of a corresponding physical product with increasing level of detail. 
A DT creates a link between physical products and their virtual models with more 
comprehensive data and accumulation of knowledge. Therefore, a DT may be 
applied to enhance simulation, traceability and to support the offering of value-
added services along the lifecycle. However, the definition of a DT and its 
requirements are not yet fully established. The characteristics a DT model should 
possess to be widely used in manufacturing remains an open question in the 
literature. The concept is still broad and dependent on the lifecycle stage and 
industry sector of application. Therefore, the objective of this paper is to propose 
an initial synthesis of DT requirements based on a literature review and industry 
interviews. The literature review focuses on the content analysis of papers 
published from 2010 to 2018 and indexed in the ISI Web of Science database. The 
interviews were conducted with industry representatives in Brazil. The results 
show that DT requirements are related to real-time data, integration, and fidelity. 
Besides, it shows that industry requirements are close to literature and the actual 
implementation of DT is the future of research in this field. 
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1 Introduction 

Industrial revolutions alter product manufacturing processes as well as how 
consumers interact with production, allowing sophistication of the demand for different 
consumer goods [1]. Before the first Industrial Revolution, the products were 
manufactured in a handmade way, according to the individual demands of each 
consumer and taking the time of the artisan to be manufactured. From the first Industrial 
Revolution, production processes began to be mechanized (first revolution), to be 
treated as massive processes (second revolution), and to be automatized (third 
revolution), standardizing the products in exchange for an increase in the efficiency of 
the production line [2]. The fourth Industrial Revolution - or Industry 4.0 - comes with 
the proposal to unite the advantages of large-scale production with the 
individualization. Hence, virtual product models, which are frequently referred to as 
Digital Twins, are used as fuel to shortening time to market and to create further 
benefits along the entire lifecycle [3]. 

The convergence between physical and virtual spaces has gained wide attention 
recently [4]. Digital Twin (DT) is defined as a very realistic model of the current state 
of the process and their own behavior in interaction with their environment in the real 
world [5]. It is used not only for representation purposes but also for predicting the 
product behavior [3]. Besides, Digital Twin’s ability to link enormous amounts of data 
to fast simulation makes it possible to perform real-time optimization of products and 
production processes [6].  

However, the definition of a DT and its requirements are not yet fully established 
and lack of conceptual basis [3]. The characteristics a DT model should possess to be 
widely used in industry remains an open question in the literature. 

Therefore, this paper aims to narrow this research gap by proposing an initial 
synthesis of Digital Twin requirements. The paper seeks to answer the following 
research question (RQ1): what are main requirements for developing a Digital Twin? 
Besides, it aims to investigate (RQ2): what industry understands as Digital Twin?  

A systematic literature review, merging bibliometrics and content analysis [7], was 
applied to identify the main requirements listed in literature for Digital Twins. The 
literature review focused on a content analysis of articles published from 2010 to 2018 
in the ISI Web of Science database. After literature review, a set of interviews with 
industry representatives were conducted in Brazil. 

The paper is structured in five sections. After the introduction of the research topic 
in Section 1, Section 2 provides the research approach developed in the paper. In 
Section 3, the requirements brought by literature to the Digital Twin concept are 
presented. Section 4 presents industry requirements for Digital Twin. Finally, the 
conclusion and an outlook on further research needs are discussed in Section 5. 

2 Methodology 

To acquire a broad knowledge about Digital Twins, this research firstly took into 
consideration the possible ways a literature review can be developed [8]. The research 
design combines quantitative and qualitative strategies. It merges bibliometrics and 



 

content analysis, to study a research topic, as they are complementary methods [7]. 
Mainly, this kind of methodology is used not only to probe the existing literature and 
to identify relevant patterns, words, and authors of the particular field of research, but 
also to investigate the evolution of the publications stratified by journals [9].  

Decisions on which research method to apply are mainly taken based on the results 
from the databases, particularly the sample size to be reviewed [7]. The bibliometric 
approach is particularly useful for large sample sizes since it focuses on metrics based 
on the number of publications and the metadata. Content analysis, on the other hand, 
focuses on in-depth review of the sample but allows analytical flexibility [9, 10]. 

The second part of the research methodology consisted of industry interviews target 
at discovering the implications of Digital Twin in real cases and the requirements given 
by manufacturing companies to the concept deployment. 

 
2.1. Sampling 

 
For this paper, an initial sample was elaborated using the ISI Web of Science, aiming 

to cross-check their results and enhance some documents to be studied. The article 
search was performed in January and February 2018. The following search string was 
used, and no restrictions were considered: “Digital Twin” and ("Industry 4.0" or 
“Requirement*”), and “Digital Twin”. This first search resulted in 52 entries in ISI Web 
of Science. 

The first exclusion criteria were based on the abstracts and title reading. All these 
papers had their abstracts read for identifying those that did not fit within the scope of 
the study, excluding them from the final list, resulting in 20 papers. It was not possible 
to have access to the full paper of one article, resulting in 19 articles. All the papers 
from the final list were read to identify the Digital Twin requirements contained in the 
papers to be used in the content analysis. 

All the 52 papers had been published from 2010 to 2017, in 47 different journals and 
conferences, and 85% of the papers had their publication concentrated in the last three 
years. Among the conferences and journals, the “IFAC papersonline”, the “IEE access”, 
and the “Manufacturing Systems 4.0” have the most papers in the subject (3), and there 
are 198 authors and the authors that have the most articles possess two publications.  

 
2.2. Industry selection and questions 

 
Interviews with six industry representatives from Brazil and Germany have shown that 
there is growing interest in Digital Twin technologies. However, there are many 
reservations regarding feasibility, and application. These issues will be discussed in 
more detail in Section 4 to derive the industry-specific requirements for Digital Twin. 
The companies answered five different questions regarding Digital Twin: 

 
1. Have you heard about Digital Twin concept? 
2. What do you understand by Digital Twin? 
3. Do you use Digital Twins in your processes? 
4. What are, in your point of view, the main requirements for the 

implementation of Digital Twins in your processes? 
5. What is your future plan concerning the use of Digital Twin?  



 

 
Interviews were conducted by telephone with 7 representatives from 6 different 

companies: two automotive OEM, three manufacturing technology providers, and one 
ERP software provider. 

After answering the questions, the requirements showed in literature were compared 
with the requirements and concerns defined by the industry. 

3 Literature requirements 

In this section, it is presented a discussion of three different topics, Industry 4.0 (3.1), 
and Digital Twin (3.2). At the end of this section, as a result of the literature review, 
Table 1 is presented summarizing the requirements brought by literature to the Digital 
Twin concept. 
 

3.1. Industry 4.0 
 
Industry 4.0 is a new approach to the manufacturing chain that aims to integrate 

manufacturing systems creating a self-controlled and intelligent environment. A 
controlled environment can promote information about the lifecycle and close the 
product information loop [11]. 

Connected environments, promoted by Industry 4.0, consider the production of more 
individualized products without interrupting the production line, since consumer orders 
are directly connected to production planning via the network  [2, 12]. 

Factories are rapidly becoming adaptable while remaining economically productive. 
This situation allows the decentralization of production - through autonomous tasks 
based on Cyber Physical Production Systems [13–15]. Intelligent factories will be 
connected in a collaborative network sharing information relevant to a database and 
thus creating a dynamic environment with the use of technologies such as Artificial 
Intelligence, Internet of Things among others [2]. 

The implementation of intelligent factories is possible considering the evolution of 
manufacturing and information technologies, being able to receive different 
information from different sources and produce items that are more complex in a 
reduced time and in different locations. This change in production technologies requires 
a new representation of manufacturing processes and product models. This 
representation would be reached by a Digital Twin. 

 
3.2. Digital Twin 
 

Digital Twin is a multi-physical, multi-scale, and probabilistic simulation model of 
a complex product. It uses updated sensors and physical models to mirror physical life 
in the digital world and vice versa [16, 17]. Technologies for mapping Digital Twins 
are being developed for approximately 20 years [17]. 

However, it was the digital manufacturing and the Cyber Physical Production 
Systems (CPPS) that allowed the enrichment of the Digital Twin models through 
production and operation data [3]. More specifically, the development of sensing 



 

technologies and information technologies allowed the integration of digital models 
with the real-time information of the physical product [3]. 

Information such as sensor readings, alarms, assembly, disassembly, shipping event, 
and other information related to the entire product lifecycle needed to be exchanged 
between products and systems [18]. The role of the PLM system is collecting and 
managing data of product definitions, processes, resources and decisions across the 
whole product lifecycle supporting changes and enabling traceability of these changes 
through a Product Model [19]. 

The product model that supports the data interfacing (and then systems 
interoperability) should describe, with the same semantic, various data. In low trust 
level, the product model is used to manage the product information separately in 
different databases [20]. Therefore, managing the interaction between the physical and 
digital world starts from the product model. The DT must manage the interaction of the 
product model and the physical world and its requirements must reflect that. 

The different understandings of the term Digital Twin can be observed in cases in 
the industry. Some manufacturers focus on building a link between the virtual product 
and the physical product, increasing manufacturing flexibility. Other manufacturers are 
looking to use Digital Twin to improve product design; and others are using DT to map 
the product throughout its life cycle improving quality in manufacturing [3].  The 
challenge lies in the fact that there are few possibilities for the synchronization between 
the physical world and the digital world making it difficult to close the information 
loop. 

To be considered a Digital Twin, the model must have some specific characteristics 
such as: scalability (ability to analyze different scales of information); interoperability 
(ability to convert, match and establish equivalence between representation models); 
expansibility (ability to integrate models); and fidelity (ability to conform to the 
physical model) [3]. 

Considering the comprehensive study of the “Digital Twin” definitions shown 
previously, the numbers of requirements to describe “Digital Twin” are numerous. The 
different characteristics are summarized in Table 1, which demonstrates the relations 
between the parameters (lines) and the citation (columns) and total citation (final 
column Total). 

 
 
 
 
 
 
 
 
 
 



 

Table 1. Literature requirements for Digital Twin 
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Real-time data   1   1 1      1  1 1 7 
Integration   1 1  1        1 1 1 6 
Fidelity 

  
 1 1  1  1  1  1    6 

Interaction 1         1 1      3 
Communication 1 

 
        1      2 

Convergence 
  

       1 1      2 
Automatically 
updated 

 
1               1 

Autonomy 
  

     1         1 
Connectivity 

  
     1         1 

Data acquisition 
  

          1    1 
Data capture 

  
           1   1 

Data quality 
  

    1          1 
Data security 

  
         1     1 

Data 
warehousing 

  
          1    1 

Efficiency 
  

  1            1 
Expansibility 

  
      1        1 

Globally 
available in real-
time 

 
1 

              1 

Independently 
expanded 

 
1               1 

Interoperability 
  

      1        1 
Modularity 

  
     1         1 

Process planning 
  

           1   1 
Real-time 
location 

  
         1     1 

Scalability 
  

      1        1 
Scalable 1 

 
              1 

Stable data 
acquisition 

  
         1     1 

Stable operation 
  

         1     1 
 



 

The data from Table 1 enables us to state that the most frequent requirements of 
Digital Twins are real-time data, integration, and fidelity. These are crucial 
requirements for connecting the Product Model and the real conditions of the product. 

As revealed by Table 1, real-time data was mentioned by 6 among the researched 
sample of 19 articles being the most cited parameter for Digital Twin requirements. For 
instance, in [6], real-time data is used for the optimization of products and production 
processes. The importance of this requirement is also shown by [22], that concludes 
that, real-time data is important for knowing the status of the product. In [25], real-time 
data requirements focus on the management and optimization of processes through 
monitoring and data analytics.   

Data integration is the second most cited parameters for Digital Twin requirements. 
Integration is the most important value creation in the Digital Twin world [28]. A real-
world object is represented by different subgraphs of nodes and edges. The integration 
of the different nodes is essential for creating valuable data [22]. In [23], integration is 
shown as the way to create the visual abstract that represents the anatomy of Digital 
Twin.  

Fidelity, the third most cited parameter, is essential to mirror physical entities [4]. A 
high fidelity simulation model has several potential uses in organizations. It allows an 
operator to train on virtual machine, provide a basis for increasing the self-awareness 
of the machine [26]. The abstract representation of the Digital Twin allows the 
description of different operations in the real world. It is the fidelity of the model that 
provides the closeness to the physical product [3]. 

With the literature requirements defined, it is possible to collect industry 
requirements. 

4 Industry requirements 

In this section it is presented the main results from interviews conducted at industry 
partners aiming at understanding: 
 

a) The current use of digital twin concept; 
b) The vision of the industry about this topic; and 
c) The requirements imposed by industry for the development of digital twins. 

 
From the six companies that were interviewed, all were familiar with the Digital 

Twin concept and claimed to use this model on processes. The interviewed companies 
demonstrated to understand this component as a digital representation of the physical 
world and a physical representation of the digital world. It is seen as composed by two 
different visions a real one, and a utopic one. The utopic is described as the intersection 
between the digital and the physical. The real one is described as the use of DT as a 
simulation model for the physical world, without instant connection of data. 

One company claimed to use DT model in large scale, simulating the manufacturing 
lines before the actual implementation of the factory. The system of this company is 
then alimented with real data. Other companies claimed to use DT concept as part of 
their business model, selling solutions that englobe DT. 



 

For the future, the companies intend to implement integration platforms that collect 
physical data to create an abstraction model which mirrors the physical world with high 
fidelity allowing real-time control of the manufacturing lines. Each company has a 
different strategy to achieve that, such as startups acquisitions and in-house 
development of technology. 

Therefore, it is possible to conclude that however industry is well familiar with 
Digital Twin concept and many of them claimed to already use DT, most of them only 
use DT as simulation model. The main obstacles to the implementation of DT are a 
robust integration of data to allow a representation with high fidelity and real-time 
control of the line. The requirements demanded by industry are the same ones required 
in literature. 

5 Conclusions and future work 

This paper set out to answer the RQs: (RQ1) what are main criteria for developing a 
Digital Twin? Besides, it aims to investigate (RQ2) what industry understands as 
Digital Twin? 

For answering the RQ1, this paper provides a rich description and analysis of the 
Digital Twin requirements in literature. This article contributes to the literature by 
surveying DT requirements. A total of 19 articles were analyzed, coming from the ISI 
Web of Science databases.  

An analysis of the most frequent related topics on Digital Twin reveals that real-time 
data, integration, and fidelity are the DT requirements mostly dealt with and valued by 
the literature.  

For the industry, DT is seen as a combination of an academic vision of coexistence 
of digital and physical world and a real vision of simulation models to improve and 
implement physical manufacturing lines. All interviewed companies claimed to 
understand the Digital Twin concept, however the current state of the practice is 
anchored on simulation models. They understand the difficulties to integrate digital and 
physical world and described their future strategy as more concerned about actual 
implementation of real-time control, not only simulation.    

Besides, using the same data to draw an evolution of the topics in recent years - 
Table 2 - it is possible to see that, more recently, topics related to the system 
independence and implementation are becoming more cited in the literature in the last 
year. Approaching DT by a combination of implementation and reliability requirements 
appears to be an academic challenging issue for the upcoming research agenda, 
showing that the actual implementation is gaining more attention than the DT design 
requirements. 

 
 
 
 

  



 

Table 2. Parameters evolutions in recent years 

Factors 2015 2016 2017 Total 
Real-time data 

 
1 6 7 

Integration 
 

1 5 6 
Fidelity 

  
5 5 

Interaction 
  

3 3 
Communication 

  
2 2 

Convergence 
  

2 2 
Scalability 

  
1 1 

Modularity 1 
  

1 
Data acquisition 

  
1 1 

Data security 
  

1 1 
Data capture 

  
1 1 

Data warehousing 
  

1 1 
Data quality 

  
1 1 

Efficiency 
  

1 1 
Interoperability 

  
1 1 

Expansibility 
  

1 1 
Process planning 

  
1 1 

Stable operation 
  

1 1 
Real-time location 

  
1 1 

Stable data 
acquisition 

  
1 1 

Scalable 
  

1 1 
Connectivity 1 

  
1 

Autonomy 1 
  

1 
Independently 
expanded 

  
1 1 

Automatically 
updated 

  
1 1 

Globally available 
in real-time 

  
1 1 

 
 
This research has limitation due to the methodological choices, particularly related 

to the sample analyzed. The database choices, the search strings applied and topic 
analyzed have possible bias; hence, important articles can be missed in the process. 
Moreover, interviews were limited in number and to only one country. 



 

The future of the research into the field is still open. Just recently, new parameters 
have been discussed as part of DT requirements. Especially the ones related to the actual 
implementation of DT models in manufacturing industries. Based on current DT 
requirements definition, future research in the field could explore additional DT 
requirements related to the actual implementation of DT models in manufacturing 
industries. Therefore, future work may focus on real DT case simulations – such as in 
labs and learning factories –, and pilot implementations. 
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