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Abstract 

Manufacturing companies are increasingly relying on digital technologies to automatize 

processes. The use of these technologies has been named under the term of Industry 4.0. But 

what exactly is Industry 4.0? The concept has been defined by multiple forms but lacks of an 

explicit definition.  

The implementation of these technologies, which are changing the way we work, is leading to 

the automation of production lines in companies. This can increase the risk of technological 

unemployment but, at the same time, it can also bring new job opportunities. Policymakers will 

play an important role trying to minimize the impact of technological change in unemployment.  

This research aims to identify which technologies are used in Industry 4.0 and define how do 

they are related to each other. To do so, a technology mapping has been developed by 

detecting links between technologies through a systematic literature review based on a defined 

methodology. Moreover, this study will be useful for posterior research in how Industry 4.0 will 

impact employment and which policies should be implemented. 

Keywords: Industry 4.0; Smart Manufacturing; Digital Manufacturing; Cyber-Physical Systems, Internet of 

Things. 

1. Introduction 

The concept of Industry 4.0 is used for the current industrial revolution, which has been 

preceded by the three first industrial revolutions of the history. During the 18th century, the 

introduction of mechanical production mechanisms supposed the first industrial revolution. The 

second industrial revolution took place in the late 19th century when electricity was introduced in 

manufacturing and labour was divided, structuring factories in assembly lines. During the 1970s, 

the introduction of information and communication technologies in industries led to the third 

industrial revolution. In Industry 4.0, technologies such as Internet of Things, Cyber-Physical 

Systems and Cloud Computing have become a part of the manufacturing systems. While 



Industry 4.0 receives a lot of attention in research, the concept still lacks of an explicit definition 

and current literature on the topic describes it in numerous forms.  

This study pretends to identify which are the main technologies in Industry 4.0 and determinate 

how they relate to each other and work together. This will be done by following a systematic 

review on the current literature and creating a technology mapping that will show how these 

technologies are linked.  

This will help companies and researchers to better understand Industry 4.0 and will allow better 

discussion through a clearer definition. 

2. Literature review 

Three different interesting types of articles have been identified during the literature review. 

These are: (1) articles explaining Industry 4.0 through the utilization of a diversity of 

technologies, (2) articles mentioning the impact of the implementation of Industry 4.0, its 

advantages and its disadvantages and finally (3) articles that follow surveys or reviews about 

Industry 4.0 and that give a general view of the concept, some of them also design some sorts 

of technology mapping. 

2.1 Industry 4.0 explain through the utilization of technologies 

In some of the recent literature, the term is explained as the usage of new digital technologies in 

manufacturing. Zhou et al., 2016 identify Cyber-Physical Systems (CPS), the Internet of Things, 

Cloud Computing and Big data as some of the key technology fields for Industry 4.0.  Moreover, 

other authors such as Bahrin et al., 2016 mention other concepts, such as Cybersecurity, 

Additive Manufacturing and robots, being fundamental technologies to the implementation of 

Industry 4.0. All of these fields are explained below, as long as they are important terms 

required for a better understanding of this study. 

• Cyber-Physical Systems (CPS): physical entities which are equipped with 

technologies such as embedded systems, microprocessors and sensors that are 

characterized by being able to collect data by themselves and their environment 

(Thoben et al., 2017). 

• Internet of things (IoT): also known as Industrial Internet of Things (IIoT), can be 

defined as a network communication system among devices, machines and equipment 

with their virtual personalities and capabilities obtained as a result of technological 

advances (Görçün, 2018). 

• Cloud Computing: for Zhou et al. (2016) the cloud computing technology is a data 

service that allows data storage, analysis and decision and guides production process. 

• Big Data and Data Analysis: despite there are still no clear opinions on the definition 

of Big Data it can be defined as the group of technologies that allow the processing of 



large volumes of data of a completely different nature and that make it easier to 

implement exploration techniques (Gierej, 2017) 

• Cybersecurity: all the technologies that are useful to protect data, computer systems 

and networks from damage fall under the term of Cybersecurity. 

• Additive manufacturing (AM): this field involves the technologies that are used in 

manufacturing products by depositing material layer-by-layer (Conner et al., 2014). The 

authors also mention common AM technologies such as 3D printing, powder bed fusion 

and binder jetting. 

• Robots: in the context of industry 4.0 robots are becoming more autonomous, flexible 

and cooperative (Bahrin et al., 2016). 

2.2. Impact of Industry 4.0 

The fact that more companies are relying on the implementation of Industry 4.0 and the 

utilisation of the technologies aforementioned in manufacturing systems is because of the 

advantages that it supposes in some situations. Nevertheless, Industry 4.0 is not always a 

solution for all situations and it also has some disadvantages 

In one hand, the current literature defines a growth in productivity, flexibility or agility, autonomy 

and capacity of taking decentralized decisions, product quality improvement, energy and 

resources savings, maintenance, data exchange and human-robot interaction as the main 

advantages. In the other hand, some of the disadvantages are that Industry 4.0 requires an 

important investment, the application of complex technologies and the need to instruct workers, 

the risk of technological unemployment and that it is not really useful for mass production.  

2.3. Surveys, reviews and mappings about Industry 4.0 

A significant amount of articles following surveys, reviews and technology mappings about 

Industry 4.0 have also been identified. They give an overall view about the concept using the 

nowadays research directions present in academic articles or surveys to companies and they 

identify the most relevant technologies in the context. The present study would fall into this 

category.  

Lu et al. (2018), for instance, cite that Industry 4.0 integrates all current technologies such as 

sensors, wireless networks, Internet of Things (IoT), robotics, artificial intelligence and 

information management systems to create a Cyber-Physical System (CPS) and smart 

factories. 

Other studies, such as Brettel et al., (2014) explain that Industry 4.0 will be triggered by the 

Internet, which allows communication between humans and machines in Cyber-Physical-

Systems (CPS) throughout large networks. 

Hermann et al. (2016), explain that Industry 4.0 is enabled by the communication between 

people, machines and resources and that it is characterised by a paradigm shift from centrally 



controlled to decentralized production processes. They identify Internet of Things and Cyber-

Physical Systems as the two core technologies in Industry 4.0, and that they allow integration 

between other technologies and devices such as actuators, sensors or mobile phones and 

permit data analysis and data sharing. 

An interesting fact about these current studies is that most of them agree in identifying Cyber-

physical Systems and Internet of Things as the main two technologies necessary for the 

implementation of Industry 4.0. 

3. Methodology 

This study intends to determine which are the core technologies in industry 4.0 and how they 

relate to each other by generating a technology mapping that shows the synergies between 

these concepts. This has been done by following a systematic review of the literature, in which 

links between technology terms were identified.  

This methodology consists in, (1) first of all, determine which steps are going to be followed in 

order to search for articles (select the keywords used to find articles and determine the journals 

they are going to be searched in); then, (2) from the selection, identify the articles that are 

recent and approach the concept of Industry 4.0 in a general way in order to achieve a 

technology mapping that shows the current state of the art of Industry 4.0 (establish the terms of 

inclusion to see if the articles follow them or should be deleted); and finally, (3) define how the 

links between technologies are going to be identified in the articles.  

The links found between technology concepts were used to generate the results. First of all, a 

correlation matrix that shows how many times each technology supports the others was 

created. Moreover, a technology mapping that indicates which are the main technologies in 

Industry 4.0 and the synergies between them was also done. Figure 1 shows a scheme of the 

methodology followed for the literature review. 



 

Figure 1. Methodology steps 

These two parts from the methodology (the systematic review and the acquisition of results) are 

explained in detail in this section.  

 

3.1. Systematic review 

Choice of Keywords. The keywords that have been used in order to search for papers are: 

• Industry 4.0 (main concept) 

• Industrie 4.0 (german term for Industry 4.0) 

• Smart manufacturing (some articles also refer to Industry 4.0 as Smart Manufacturing) 

• Digital manufacturing (concept used in the USA) 

Search of papers. The papers will be searched in the following journals: 

• IEEE Industrial Electronic Magazine 

• International journal of Intelligent manufacturing 

• International journal of production research 

• Technological forecasting and social change 

• Technovation 

Also, other interesting papers about Industry 4.0 will be added to complement these journals 

and find more data.  



Terms of inclusion. To include a paper in the review it has to follow these points: 

• It has to be a current paper (after 2013) 

• It has to treat the concept of Industry 4.0 in a general way. If it only studies a concrete 

technology, for example, a bias would be generated in the technology mapping.  

• There have to be links between technologies 

• It must be written in English 

Data identification. A link between technologies will be generated when a technology supports 

another one. For instance, if A supports B, there will be a directional link (A→B). 

Data tracking. The links will be annotated in an excel file to keep track of them.  

3.2. Acquisition of results 

Data manipulation: All the terms found in the links matching the same concept will be rewritten 

using always the same term. For instance, CPS and Cyber-Physical System will be annotated 

again under the same term. 

Clustering: the technology mapping will be done using the Gephi software.  

4. Data 

During the realization of the systematic review, 33 papers were found in the journals mentioned 

in section 3. Before reviewing all these documents, it was checked if the papers followed the 

terms of inclusion and exclusion. 10 papers did not match these terms, so they were deleted, 

reducing the number to 23 articles. Moreover, 9 of these remaining papers were duplicated, as 

long as they were found twice or more times using different keywords. These duplicates were 

also deleted and only reviewed once, which left the size of the sample to 14 documents. Finally, 

10 more interesting and worth reviewing papers were also used for the systematic literature 

review. The total number of analysed papers is 24. 

These 24 papers allowed finding 1188 links between technologies. The number of identified 

technology concepts amongst the links is 291.  

5. Results and discussion 

The analysis of the data allowed creating a correlation matrix that shows the number of times 

that each technology supports another one and a technology mapping that shows which are the 

core concepts of Industry 4.01.  

Table 1 shows and extract of the times that the most cited technologies in the current literature 

support each other.  

                                                      
1 Both documents (correlation matrix and technology mapping) can be checked in: 
 https://drive.google.com/drive/folders/1X9uIW7tX3zfWpWHMSJ0tfzIcOX7T6by5 

https://drive.google.com/drive/folders/1X9uIW7tX3zfWpWHMSJ0tfzIcOX7T6by5
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Big Data & Analytics     1     1 1   3   1         7 17 

Cloud Computing 1 1 2 6 1 1 4   4   6 3       29 53 

Cyber-Physical Systems 
(CPS) 

1   1 1 3 4 3   4 4 3     1 1 26 65 

Data 2 2 2   4 7 1   2 1 2     1   24 45 

Data analysis 1   4 3   2     1 1 1         13 22 

Decision-making     1           1 1 1         4 10 

ICT   3 2 1         4 1 1     2   14 19 

Intelligent systems           1   2 6   1         10 15 

Internet of Things (IoT)   3 11 10 3 2 5     6 4 1 1 5   51 107 

Machines     2 6 1   1   2   1 1   2   16 24 

Manufacturing Systems     2 3 1   1   1 1 2     1   12 21 

Network 1   3 3       1 5 1     1     15 28 

Radio Frequency 
Identification (RFID) 

    1 3   2 1   5 1 1     1 3 18 32 

Sensors 2   12 8 1   2   7 9 4       2 47 62 

Wireless Sensor Network 
(WSN) 

    3     1 1   4     2       11 15 

Total in Top 15 8 9 47 44 14 21 20 3 49 26 28 7 2 13 6 297   

Total (all links) 24 23 160 71 26 35 31 21 108 53 72 18 5 19 19     

Table 1. Correlation matrix for the top technology concepts (Absolute terms) 

The centre of the technology mapping is formed by the core technologies. These technology 

concepts are the ones cited the most amongst the literature: Cyber-Physical Systems (CPS), 

Internet of Things (IoT) and Data. Figure 2 shows the technologies disposed in the centre of the 

graph forming the core Industry 4.0. 



 

Figure 2. Centre of the technology mapping 

More technology concepts such as sensors, machines, Cloud Computing or Virtual Reality (VR) 

are located close to the three main technologies and give support to them. These are also really 

important and used technologies in Industry 4.0 and that get a significant importance in the 

current literature and are the ones that help to build the core of Industry 4.0.  

Similarly to the literature analysed, the results of this study have showed a leading leadership of 

Cyber-Physical Systems (CPS), Internet of Things (IoT) and data related concepts (e.g. data, 

data sharing, data storage and data collection), being the technologies that shape the centre of 

the technology mapping and the ones most cited amongst the found links. Moreover, other 

concepts that are also considered as main technologies in the literature such as Cloud 

Computing, Cybersecurity and Virtual Reality (VR), can be found in the centre of the technology 

mapping, helping to the formation of the core of Industry 4.0, despite not having as much 

presence in the links as CPS, IoT and data. 

Contrary to the current literature, technologies such as and Additive Manufacturing (or 3D 

Printing) are not found amongst the technologies building the centre of the mapping nor in the 

most cited technologies. The author’s own interpretation is that these technologies are not only 

used in Industry 4.0 (there are a lot of non-Smart Factories that have Additive Manufacturing 

systems) so they get a lot of individual research while research in Industry 4.0 does not focus 

on them. Another possibility is the fact that authors sometimes refer to Additive Manufacturing 

and 3D Printing as “Manufacturing Systems”, which is a concept shown in the technology 



mapping and that has strong links with Cyber-Physical Systems, Internet of Things, sensors and 

data.  

Other interesting findings are that the technologies that are located in the border of the 

technology mapping are the ones that are only cited once or twice amongst the links and that 

are used only in specific situations. This means that Industry 4.0 can make use of a large 

variety of technologies.  

As new technologies are being released every day, the concept of Industry 4.0 will keep 

changing and renewing itself as it embraces these technologies. 

6. Conclusions 

Based on a systematic review of the current literature, this study has allowed to understand 

which are the core technologies used in nowadays factories and how they relate to each other. 

The main findings are, first of all, the corroboration of the integrating character of Industry 4.0, 

which connects all the technologies and components in a factory to work as a whole. Secondly, 

the identification of technologies such as Cyber-Physical Systems, Internet of Things, Data and 

Sensors as the most important in Industry 4.0. Thirdly, showing that multiple technologies can 

be used in Industry 4.0 for different purposes. And finally, drawing the technology mapping to 

clarify which technologies are supported or support the others. 

Understanding and describing Industry 4.0 is not easy. The concept will keep changing over 

time, as industry will keep embracing new technologies. That’s one of the reasons why there 

are so many different definitions in the actual research.  

This study also opens the path to future research in Industry 4.0. It is essential to know which 

technologies and how will they be used in order to understand how job positions will change, 

which can help policymakers to minimize the effect of technological unemployment. Moreover, 

this same study can be executed in the future to show the Industry 4.0 state of the art of that 

moment.  

To end, it is important to mention that industry will always make use of the available resources 

and technologies as long as they solve a technological problem in an efficient and effective way. 

Industry 4.0 is nothing more than this, a way of solving problems in manufacturing and 

optimizing the processes throughout the supply chain. In a so technologically accelerated world, 

it will always be vital to investigate in new technologies and strategies so that companies can 

embrace them and solve the technological challenges of the moment.  
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