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ABSTRACT: We are currently in the midst of a fourth wave of technological growth and the 

development of an industrial technology known as Industry 4.0. Industry 4.0 can be broken down 

into three major paradigms: smart product, smart machine and augmented operator. through 

which the factory operations are digital, which could imply and will put into operation the position 

of the producers on the market. Industry 4.0 is the future solution. 

 

KEYWORDS: Industry 4.0., digitization, production 

 

 

1.THE HISTORY OF THE INDUSTRIAL REVOLUTION 
 

Industrial revolutions represent the radical transformation of the structure of an economy 
by changing the type of energy used, the use of new machine systems and changes in the 
forms of organization of production. The evolution of the technique in relation to the 
industrial revolution is presented in figure 1. 

The first industrial revolution is characterized by the introduction of mechanical 
production equipment powered by the force of water or steam. Thus, it went from manual 
production to mechanized production made with the help of machines, the worker having the 
role of supervisor and organizer of production. The primary role of agriculture in economic 
and social life has been taken over by industry.[1-3] 

The second industrial revolution began at the end of the 19th century. Since the first part 
of the 19th century, discoveries and inventions in the field of electricity and electric cars have 
had a fulminant dynamic. This meant that, towards the end of this century, the electric motor 
was used in industry.[4] 
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Figure 1. The evolution of technology from the first to the fourth industrial revolution 

 (Banabic. D., 2018)[16] 
 

The basic feature of the third industrial revolution is the use of electronic systems and 
information technology, as well as robots in automating production. From an energy point of 
view, the use of nuclear energy is starting to increase significantly. 
Since the 8th and 9th decades of the twentieth century, significant advances have been made 
in the field of computers, sensors and telecommunications. These achievements, together with 
the mass appearance and generalization of the Internet, led to the fourth industrial revolution 
(Industry 4.0). It is characterized by the use of cyber-physical systems in production processes 
and their connectivity. The concept of Industry 4.0 was introduced by German Chancellor 
Angela Merkel in 2011, on the occasion of the opening of the Hannover Fair (Schwab K., 
WEF, Geneva, 2016).[5-7] 

The technologies have undergone a cyclical development, from personalized 
(individual-oriented) artisanal production, to mass production (product-oriented), then to 
personalized mass production (consumer-oriented) and returning to personalized (consumer-
oriented) production. individually), as shown in Figure 2. 
 

 
Figure 2. The cyclical evolution of technologies from the first to the fourth industrial revolution 

(Banabic D., 2018)[15] 

 
The development of technologies has two sides: one angelic and the other evil. One to 

lead us to the condition of Gods and the other to lead us to Hell. Man will have to choose the 
path he will follow. From this point of view, we must be optimistic that he will choose the 
right path.[18] 
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2.INDUSTRY TECHNOLOGIES 4.0 
 

Industry 4.0 can be broken down into three major paradigms: the smart product, the 
smart car and the augmented operator. 

The guiding idea of the smart product is to expand the role of a product so that it 
becomes active rather than a passive part of the system. The products have a memory in 
which the data and operational requirements are stored so that the product requires the 
necessary resources and orchestrates the production processes necessary for its completion. 
The ultimate goal is to create process autoconfiguration in highly modular production 
systems.[8-10] 

In the paradigm of the intelligent machine, machines become cyber-physical production 
systems. The traditional-Production Hierarchy is replaced by a decentralized self-organization 
activated by CPS. Autonomous components with local control information can communicate 
with other components in field / work area devices, production modules and products through 
open networks and semantic descriptions. In this way, the machines are able to self-organize 
within the production network. The production lines are both flexible and modular, so that 
even the smallest batch size can be produced under extremely flexible mass production. 
A modular CPS-based production line allows easy plug-and-play integration or replacement 
of a production line with a new production unit, for example in the case of reconfiguration. 

The augmented operator aims at the technological support of the workers from the 
challenging environment of the highly modular production systems. Industry 4.0 does not 
gravitate towards production without digital workers (unlike the Computer Integrated 
Manufacturing (CIM) approach of the 1980s). Human operators are recognized as the most 
flexible parts of a production system, as they can be adapted to challenging work 
environments (Schmitt et al., 2013). As the most flexible entity in the production of systems, 
its workers face a variety of jobs, from specification and monitoring to verification of 
production strategies. At the same time, they will intervene manually in the organized 
production system, if necessary. Optimal support can be provided through mobile telephony, 
sensitive in the context of user interfaces - user-oriented support systems.[11-12] 

The great industrial revolution depends on small technological revolutions in various 
fields: 
-Application of information and communication technology to digitize information and 
integrate systems in the design, development, manufacture and use of products. 
-New software technologies for modeling, simulation, virtualization and digital 
manufacturing. 
-Development of cyber-physical systems to monitor and control physical processes. 
-Evolution of 3D printers and additive manufacturing to simplify manufacturing. 
-Decision support for human operators, the emergence of smart tools and assistance using 
augmented reality. 
-New forms of human-machine interaction. 
   Many of these technologies have been available for several years, and others are not yet 
ready for widespread use. 

 
Figure. 3. Industry-specific technologies 4.0 (Ruessmann M. et al, 2015)[14] 
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3.THE BENEFITS  OF THE INDUSTRY 4.0 
 

The transition to Industry 4.0 makes it possible to optimize all stages of the product life 
cycle, by digitizing factory operations, which also means improving the position of 
manufacturers in the market. 
 

 
 

Figure.4.Digitalized system in the factory(https://www.seniorsoftware.ro/industrializarea-4-0 )[13] 

 
 TIME: Every employee becomes more efficient when working in an optimized 
process. Engineers spend 31% of their working hours looking for information, which can be 
used for value-producing activities. 
 COST: Presents accurate data in the right context and format needed to make informed 
decisions. Wrong information and erroneous decisions based on them involve an additional 
cost to companies of 25% of revenue. 
 FLEXIBILITY: Creates flexible systems ready for change and ready for new 
opportunities. Only 36% of companies are prepared to optimize processes based on data 
analysis. 
INTEGRATION: Digital manufacturing involves the simultaneous development of the 
product and the production process. Companies reduce production downtime by 80% if they 
use digital validation.  
The Digital Factory will allow the optimization of all phases of the product life cycle. Virtual 
simulations of design and functionality developed in parallel with manufacturing planning 
lead to a much faster launch on the market, significant cost reduction and superior quality. 
Everything will be driven by data analysis. Digital Factory integrates Product Lifecycle 
Management, Digital Manufacturing, Manufacturing Execution System solutions, as well as 
IoT components, which communicate feedback from ongoing manufacturing processes or 
products in operation. 
Implementing a complete system for production management (MES - Manufacturing 
Execution System) focused on business needs is one of the most important steps towards 
creating and setting up your own smart factory. 

4.PILLARS OF INDUSTRY 4.0 
 
We are currently in the midst of a fourth wave of technological growth: the development 

of a digitally industrialized technology known as Industry 4.0. The transformation is fueled by 
nine major advances presented below 

 
"Big Data" and analytics  
The first of the nine pillars is "Big Data" and analytics. Analyzes based on large data sets 

recently published in the world of production; such analyzes optimize production quality, 
save energy and improve equipment services. In the context of Industry 4.0, comprehensive 
collection and evaluation of data from several different sources (production equipment and 

https://www.seniorsoftware.ro/industrializarea-4-0
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systems, as well as enterprises and customer management systems) will become standard 
support in real-time decision making. 

Autonomous robots 
Manufacturers in many industries have long used robots to cope with complex 

missions, but robots are evolving to an even greater utility. They become more autonomous, 
more flexible and more cooperative. Eventually, they will interact with each other and work 
safely side by side with people and learn from them. These robots will cost less and will have 
a wider range of capabilities than those used in manufacturing today. 

Simulation 
In the production phase, three-dimensional (3-D) simulations of products, materials 

and production processes is already used, but in the future, the simulations will be used more 
widely in the operation of the facilities. These simulations will use real-time data to reflect the 
physical world in a virtual model, which can include cars, products and people. This will 
allow operators to test and optimize the machine settings for the next online product in the 
virtual world before the physical change, thus reducing machine setup time and increasing 
quality. 

Horizontal and vertical system integration 
Most computer systems today are not fully integrated. Companies, suppliers and 

customers rarely work closely with departments such as engineering, production and services. 
In addition, warehouse functions at the warehouse level are not fully integrated. Even the 
engineering itself - of the products of automation installations - does not have full integration. 
However, with Industry 4.0, companies, departments, functions and capabilities will become 
much more consistent, as will Data Integration Networks evolving and enabling truly 
automated value chains. 

Industrial IoT 
According to Kagermann, the integration of IoT with the Internet of Services (IoS) in 

production is the process initiated by the fourth industrial revolution (Kagermann et al., 
2013). IoT allows ―Things‖ and ―objects‖, such as RFID, sensors, actuators, and mobile 
phones, to ―interact‖ with each component and cooperates with neighboring ―smart‖ 
components to achieve common goals (Giusto et al., 2010). Based on the CPS definition 
mentioned above, ―things‖ and ―objects‖ can be understood as CPS. 
Therefore, IoT can be defined as a network in which CPS cooperates with each other through 
unique addressing schemes. Examples of IoT applications include smart factories, smart 
homes, and smart grid systems (Bauernhansl et al., 2014). 

Cybersecurity 
An important component of Industry 4.0 is the fusion between the physical and the 

virtual world (Kagermann) et al., 2014). This merger is possible through CPS. Cyber-physical 
systems are ―integrations of computation and physical processes. Embedded computers and 
networks physically monitor and control processes, usually with feedback loops where 
physical processes affect calculations and vice versa ‖(Lee et al., 2008). 

CPS development can be divided into three phases: 
-The first generation of CPS includes identification technologies, such as RFID tags, which 
allow unique identification, storage and analysis must be provided as a centralized service; 
-The second generation of CPS is equipped with sensors and actuators with a limited range of 
functions; 
-In the third generation, CPS can store and analyze data, are equipped with several sensors 
and actuators and are compatible with the network (Bauernhansl et al., 2014). 

The Cloud 
Companies are already using cloud-based software for some enterprise and analytics 

applications, but in Industry 4.0, more production-related enterprises will need increased data 
sharing on sites that exceed the company's boundaries. At the same time, the performance of 
cloud technologies will improve, achieving reaction times of just a few milliseconds. As a 
result, the data storage and functionality of the machine will increase more and more and will 
be deployed in the cloud, allowing more data-based services for production systems. Even 
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systems like monitoring and control processes can become cloud-based. 
Manufacturers of manufacturing execution systems have begun to offer cloud-based solutions 
(Rübmann et al., 2015). 

Additive manufacturing 
Companies have just begun to adopt additive manufacturing, such as 3-D printing, which 

they use mainly for prototyping and to produce individual components. With Industry 4.0, 
these additive manufacturing methods will be widely used to produce small batches of custom 
products that offer advantages for construction, such as complex, lightweight models. High-
performance decentralized additive manufacturing in systems will reduce transport distances 
and available stocks. 

For example, aerospace companies are already using additive manufacturing to apply 
new models that reduce aircraft weight, reducing costs for raw materials such as 
titanium. 
Augmented reality 
Augmented reality systems support a variety of services, such as selecting parts from a 

warehouse and sending repair instructions to mobile devices. These systems are now in their 
infancy, but in the future, companies will make much more use of augmented reality to 
provide workers / operators with real-time information to improve work decision-making 
procedures. For example, workers / operators may be instructed on how to replace a particular 
part of the time in their own system that needs repair. This information can be displayed 
directly in their field of view using devices such as augmented reality glasses.  

Another application is virtual training. Siemens has developed a virtual virtual operator 
training module with its COMOS software; the module uses a realistic, data-based 3-D 
environment with augmented glasses to train plant staff to deal with emergencies. In this 
virtual world, operators can learn to interact with machines by clicking on a cyber 
representation. They can also change parameters and take over operational data and 
maintenance instructions. 

 

 

5.CONCLUSIONS 
 

The macro perspective of Industry 4.0, covers the horizontal integration and the end-to-
end technical dimension of Industry 4.0. 

From a macro perspective, horizontal integration is characterized by a network of 
modular value creation. Value creation modules are defined as the interaction of different 
value creation factors, ie, equipment, man, organization, process and product. The creation of 
the modular value, represented in the highest level of aggregation by the factories, are cross-
linked throughout the complete value chain of a product life cycle, as well as the value 
creation modules in chains of adjacent life cycles. This connection results in a smart modular 
value creation network that covers the value chains of the different product life cycles. This 
smart grid provides an environment for new and innovative business models and thus leads to 
a change in business models. 

The end-to-end technique from a macro perspective is the cross-linking of stakeholders, 
products and equipment throughout the product life cycle, starting with the purchase of raw 
materials, the production phase and the end-of-life phase of the product. Products, various 
stakeholders, such as customers, workers / operators or suppliers, manufacturing equipment 
are embedded in a virtual network and exchange data in and between phases of a product life 
cycle. This life cycle consists of the raw material acquisition phase, the manufacturing phase - 
which contains the product development, the related manufacturing system engineering and 
the product manufacturing phase - use and service, the end of life phase - which contains 
reuse, reconstruction, recycling, recovery and disposal - and transport between all phases. 
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