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Abstract The influence of IT in the manufacturing systems became not only visible
but also a necessity of operational management. The manufacturing systems evolu-
tion is presented using a comparison between the industrial revolutions andMaslow’
hierarchy of needs, up-to-date. However, the presented evolution used life quality
indicators, to explain the need for continuous adaptation of the manufacturing
systems to people, the end customer. The virtualization of the enterprise IT system
process and the reference cloud architecture is also presented, in order to clearly
estate the prerequisites for Industry 4.0, with a detailed map of the internal cloud
processes. The study also presented the major software providers prediction, before
and during the COVID pandemic time, which greatly impacted consumer behaviour.
Furthermore, the changes of the customer behaviour, cumulated with the globaliza-
tion limitation, andworkforce polarization, affected businesses in terms of rethinking
the supply chain, with the target on flexibility, prediction and resilience and the atti-
tude regarding the employees. The conclusions section summarizes the key findings
of the study and exposes the authors’ prediction for the short-time evolution of the
manufacturing systems.
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1 Manufacturing Systems Evolution and Previous Forms
of Organization

The evolution of the manufacturing systems and industry, in general, came to a closer
comparison with Maslow’ human hierarchy of needs [39]. The following figure
reflects the reason for comparison, enhancing each need covered by the industrial
revolutions.

However, having as a starting point, the First Industrial Revolution, which came
in the late eighteenth century, and an ending with a projected state with no human
engagement in the production of goods or services, it must be further exploited, using
several indicators, like life expectation, income, and gross domestic product (GDP)
per capita, whether those evolutions are reflected into people’s everyday life (Fig. 1).

Using the data available for the range of late 1700 to today from various sources
[48, 54, 66], the industrial revolution impact on the major life quality indicators is
presented in Table 1.

With a 40.75 years world average life expectancy, for the period 1778–1889,
covering the First Industrial Revolution, the beginning of the era, and from the avail-
able data in the UK and Sweden, a starting life expectancy is 35.5 years in Sweden
and 37.7 years in the UK. The same countries finished the First Industrial Revolution
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Fig. 1 Close comparison between human need and industrial revolutions

Table 1 Life expectancy
versus industrial revolutions

Industrial revolution/time
span

Average world life expectancy
(year)

First Industrial Revolution
(1784–1869)

40.75

Second Industrial Revolution
(1870–1969)

53.07

Third Industrial Revolution
(1970–2010)

63.42

Fourth Industrial Revolution
(2011–present)

71.45
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with 45.9 years, in the case of the UK and 52.26 years for Sweden. The impact of the
First Industrial Revolution on the health, wealth and population was closely analysed
by Buer in [5], appreciating the rising of the population in the London city, based on
multiple historical sources for England andWales, currently in interest because of the
large-scale industrial development in this geographic area. The birth rate was esti-
mated roughly to 34 births/1000 inhabitants, almost steady in the mentioned period.
However, the population growth was given by the infancy death rate reduction, from
85% in the case of age 5 (at the beginning of the period) to 35% in London city (at the
end of the period). The reduction of the infancy date rate was influenced by the better
access of the population to healthcare facilities, vaccination and improving hygiene
conditions in town, including sewers. The natural growth rate in towns (without
immigration) came positive after the beginning of the nineteenth century when the
number of births (evaluated by baptism records) overcome the number of deaths.
The general population almost triple it in the mentioned period. The estimated world
population rose from an average estimated 750 billion people (in 1750) to 1,200
billion people (in 1850). The time span was altered to fit the existing estimation.

The First Industrial Revolution attracted the population from villages to towns,
assuring the basic goods and healthcare services, possible by concentrating the popu-
lation in towns. According to the source [53], the GDP per capita rose from 2,092.98
£ (for 1784) to 3,683.75 (for 1869). The values were adjusted with the inflation
rate and prices for 2013. The new social class, the workers, replaced the old form
of slavery in most countries. The wage is the payment for the disposed work. The
work schedule and work conditions are overstressed, limiting the life expectancy of
the workers. As a general conclusion, the First Industrial Revolution, in terms of
management structure, established the company as the form of organization, intro-
duced a new social class as workers, and introduces the wage as the form of payment.
The need that has been accomplished by the First Industrial Revolution using the
Maslow hierarchy can be appreciated as physiological, with access to basic goods
and services, necessary for living.

The Second Industrial Revolution came with more disruptive technologies and
management structures, including the assembly line, labour division and business
functions.Mass production lowered the price ofmost commodities and gave access to
the workers. The sanitation and healthcare services were largely improved, including
the life quality in cities. The large-scale sales of automobiles and trains as mobility
support revolutionized the living, by adding mobility to workers, and the positioning
of factories. For the sake of comparison, the same sources of data are used. The
average world life expectancy, started from 41.22 years in 1869, calculated for eight
European countries, for the existing recorded data, to 55.63 years in 1969 (with
uneven distribution around the continents, Asia 53.93, Americas 64.63, Europe 70.15
and Africa 45.15). The United Kingdom started in 1870 with a life expectancy of
40.65 years and ended in 1969 with an astonishing 71.84 years. In the same manner,
for the US, the first record appreciated the life expectancy in 1880 from 39.41 to
70.58 years in 1969. In terms of population growth during the Second Industrial
Revolution, the average estimated number of people was 1,650 billion in 1900 and
more precise 3,625.68 billion, doubling the population in almost 70 years. Regarding
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the GDP per capita, the evolution indicated a rise from 3,927 £ for the UK in 1870
to 12,224.58 £ [53] actualized with the inflation rate and price for 2013. The same
ratio (over 400%) is registered also for the US [53, 67] in 1870; the GDP per capita
was estimated to be 4,803 USD and 24,165 USD in 1969 (data adjusted for 2013).
The agricultural production was for the first time overrun by industrial production
in the US in 1900, according to [28]. The mass production of goods and services
rose the issue of mineral resources shortage, such as iron, oil, coal etc. The shortage
of resources caused two World Wars, with a great impact on the population and
GDP growth. Also, the mass production generated several economic crises when the
offer overwhelmed the request. A new social class appeared, the middle class, with
sufficient purchasing power to access the most category of goods.

Starting from the first scientific production management architecture, introduced
by Frederick Winslow Taylor by “The principles of the scientific management” and
simultaneously were applied into the automotive factory by Henry Ford, to the smart
manufacturing gathers over a century of the struggle of the companies to best fit to
market demand. The second step to formalize the enterprise was done byHenri Fayol
in [27].

The business function division proposed by Fayol covered the technical function,
with reference to the technical capacity to produce a product, the commercial func-
tion, not only stressing the importance of supplying but also disposing of the products
made, the financial function, with the role of secure the capital flow necessary for the
operationalization of the other functions, the security function, covering ensuring the
integrity of the assets held and ensuring the smoothmanagement of the activity, under
conflicting conditions, with the role of prevention, the accounting function as a tool
for assessing the operationalization conditions and providing accurate and imme-
diate information that can be used to assist the decision, and administrative function,
taking into account decision-making, at an operational level and the implementation
of management principles.

The hierarchical approach of the manufacturing systems continued in the Second
Industrial Revolution, with new influences for the time and movement study (Frank
and Lillian Gilbreth), to increase the productivity and limit the fatigue of workers,
quality assessment and cost control (EdwardDeming, Joseph Juran). The cooperation
of the workers in a company was early studied by Cherster Barnard and Mary Parker
Follet and deeply explained by Max Weber.

The second way of expressing the functions of the enterprise, in this case in the
number of four, is presented by Boris Evgrafoff in 1970, in the paper [20], which
reorganizes the internal business processes in the form of [1, 15, 49, 50]:

• Management function, by collecting information assisting decision-making,
decision-making, information and awareness of the members of the organization
regarding the decision taken

• Distribution function, with reference to the conduct of market research, sales,
sales management and after-sales services

• Production function, aiming at production preparation, production management,
quality control etc.
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• Logistical function, which ensures financial, human and material resources for
the production process, including research and development.

The Second Industrial Revolution, as conclusion might be seen as corresponding
to accomplish the safety level of theMaslow hierarchy of needs, where large access to
commodities, goods and services rose the life expectancy, is also positively influenced
by large access to healthcare services and large use of antibiotics. The Second Indus-
trial Revolution add the middle class as a new social class, being the backbone of a
developed society. The industrial production exceeded agricultural production for the
first time in history, and the offer overwhelmed the request, generating an economic
crisis. However, in this period the manufacturing process is largely dependent on the
human factor, the working condition and crises, leading to unions organization and
strikes as a form of reposting [49, 50].

The Third Industrial Revolution is assessed by using large-scale automation and
later by computers in the manufacturing process. The enhancing of the coordina-
tion of the manufacturing facilities make possible the birth of a new paradigm of
manufacturing, largely based on collaboration and independence.

In the paper [51], M. Porter proposes the concept of the value chain, organizing
internal processes according to the flow of transformation of a system’s inputs into
outputs, thus proposing the following functions, which will be used, by addition, in
the current statistical system:

• Core functions directly refer to the physical creation, sale, maintenance and
support of a product or service. They consist of the following:

– Inbound logistics, representing the processes of reception, handling and
storage, with a view to being transformed into operationalization into finished
products

– Operations, including processes for the transformation of raw materials and
materials into finished products that are sold to customers: production planning,
processing, assembly, technical quality control etc.

– Outbound logistics, all processes of collection, handling, storage and distribu-
tion of the product or service produced to the customer

– Marketing and sales, customer awareness processes of the value, products or
services offered, bidding, sales and sales management

– Service, the totality of product value maintenance processes throughout the
lifecycle

• Support functions, which support the main functions, in the process of trans-
forming system inputs into outputs:

– Procurement, the process of obtaining the necessary resources for opera-
tion, the selection of suppliers and the purchase of raw materials, equipment,
materials necessary for the transformation of system inputs into outputs

– Technological development, development processes and knowledge base
protection, including research and development and improvement of existing
products and processes
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– Human resources management includes recruitment, hiring, training and
employee motivation processes

– Organization infrastructure by providing support systems for day-to-day
operations: management, accounting, finance, strategic planning.

The paper [45] presents a comparative study of the models of the company’s
functions, used for statistical purposes, from 2007 to 2012, by the 2007 International
Survey (Eurostat), 2012 International Sourcing/Global Value Chains Survey (Euro-
stat), 2010 National Organization Survey (USA: [4]), 2009/2012 Survey of Inno-
vation and Business Strategy (Statistics Canada), which distinguishes the following
observations, on their identification and grouping [16, 24]:

• Only one main function (core business function) is retained, which the authors, as
well as 2009/2012Survey of Innovation andBusiness Strategy (StatisticsCanada),
propose to be divided into the production of goods and the production of services

• Support functions vary between the models presented, keeping a common trunk
represented by the distribution and logistics function, the Information Tech-
nology andCommunication) service function, themanagement and administration
function

• Differences are given by highlighting marketing, sales and post-sales services,
including helpdesk and call centre services, which is divided into the 2010
National Organization Survey (USA: Brown and Sturgeon), 2009/2012 Survey
of Innovation and Business Strategy (Statistics Canada), and the research
development function, in the 2012 International Sourcing/Global Value Chains
Survey (Eurostat) and the 2010 National Organization Survey (USA: Brown and
Sturgeon) are combined with engineering and related technical services.

Themodel used by EUROSTAT [19] for reportingmaintains the R&D function, as
a distinct support function from engineering and technical services, in a model with a
single main function and six support functions (distribution and logistics, marketing,
sales and after-sales services, information and communication technology services,
administration and management, engineering and associated technical services and
research and development).

The collaboration, as a mark of “Belonging” need of the Maslow hierarchy
of needs, came into the manufacturing paradigms, with a series of approaches
cumulatively presented in Table 2.

The challenges regarding the new possibility of coordinating multiple manufac-
turing facilities, using the widespread of computer networks and computer software
in all aspects of operational management and production management, correlated
with the globalization of enterprises, were addressed using biological models (bionic
manufacturing systems) or abstract, using mathematical models (fractal company).
The main concept was to enhance the business units with a similar function that
may play on the local market. Also, the business concept of a single enterprise was
replaced with temporary alliances (virtual enterprise). The switch frommass produc-
tion to a customer-centred approach, because of overproduction, was generating the
development of new needs and sophistication of the existing ones.
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Table 2 Collaboration architectures of the manufacturing systems

Manufacturing architecture References

Bionic manufacturing systems Tharumarajah et al. [62], Ueda [64]

Flexible manufacturing systems Berman and Maimon [3], Kassicieh and
Schultz [33], Slomp and Zijm [59]

Autonomous and distributed manufacturing
systems

Duffie and Prabhu [18], Kádár et al. [35], Ryu
and Jung [55], Srai et al. [59]

Agile manufacturing Shewchuk [57]

Multi-agent autonomous systems Franklin and Graesser [22]

Holonic enterprise Mella [41], Tharumarajah et al. [62],
Tharumarajah et al. [63], Ulieru et al. [65]

Fractal company Deng et al. [14], Warnecke [70], Warnecke
and Warnecke [71]

Convergent enterprise Nau et al. [44], Shah and Rogers [56]

Virtual enterprise Camarinha-Matos and Af- sarmanesh [8],
Carutasu and Aurite [9], Guran et al. [17],
Dragoi [26]

Next-generation manufacturing systems Bunce et al. [6], Kurihara et al. [34], Okabe
et al. [46]

In conclusion, the Third Industrial Revolution brought as a novelty to the
customer-centric approach, the sliding from the hierarchical manner of an orga-
nization to multi-polar and coordination organization, imposes the automation of
processes, using IT deeper in the operational management and processes manage-
ment. The average world life expectancy rose by almost 10 years in only 40 years’
time. The GDP per capita continues to rise and the work condition largely improved,
the human resource becoming the most valuable resource of a company. However,
the difference between countries regarding technological advancement and access
to innovation has been deepened. Thus, it explains the polarization of wealth among
the world, with a high differentiation from primary resources (food, water, shelter)
to more elevated ones (arts, education, medical care). The Third Industrial Revolu-
tion correspond to “Belonging” level of Maslow hierarchy, with a great accent to
“collaboration” between business units, replacing the hierarchical way of thinking.

The claimed Fourth Industrial Revolution, purely announced by the German
consortium as a desiderate, without having proper implementation or proofs
[32] gathered various emergent technologies and foreseen an integration in the
manufacturing process.

The model of the new was enthusiastically adopted by a large community, being
a great marketing driver for the software industry. Nevertheless, the concept itself
has a great value, by introducing the machine-to-machine collaboration, as a strong
possibility, without human intervention, human-to-machine collaboration, as pairs or
avatars, and the old human-to-human collaboration, but renewedwith newaugmented
tools. The real impact, after using the sensing ability to decision-making artificial
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Table 3 Referential for new Fourth Industrial Revolution terms

Terms/concepts References

Industry 4.0 Cotet et al. [12], Gorecky et al. [25], Marr [38], Melanson [40], Shrouf
et al. [58]

Industry 5.0 Cotta et al. [13], Özdemir and Hekim [47], Paschek et al. [50],
Sołtysik-Piorunkiewicz and Zdonek [60], Vogt [69], Zengin et al. [73]

Smart manufacturing MacDougall [37], Qi and Tao [52], Vater et al. [68]

entity, is the passing the decision-making process from human to robots (in the
form of physical or software form of artificial intelligence). The next step was to
prevent the human totally replacement by robots in the enterprise architecture, by
the Industry 5.0 concept (released by EU Commission [13]), with a human-centric
view, with a sustainable and resilient approach to manufacturing. The term smart
manufacturing was a generic term where “smart” symbolizes the use of sensors and
artificial intelligence, which was also debated in the period. A selective referential
for the presented terms is enhanced in Table 3.

The main barriers to the adoption of Industry 4.0 are presented in the paper [36]:

• Interaction between operators and equipment by limiting the ability to make
decisions according to the state of operation of the equipment in real time

• Machine centres, by grouping identical machines, forecasting methods that do
not consider the particularities of operation and the operating environment

• Quality of products and processes, by the absence of a control reaction in the
manufacturing process

• State and speed of operation of cloud technologies and the analysis of large
volumes of data, and these technologies being at the beginning of the lifecycle.

• Network of sensors and controllers, by their degradation or malfunction, which
may lead to inappropriate decisions.

It is noted that starting from the requirements of the evolution of integrated infor-
mation systems for the transition to cloud architectures, presented above, the concept
of Industry 4.0 is in fact a customization of it, by using these in the industrial
environment.

The new concept of Industry 4.0 has no significant impact yet and it is too early
to be considered as an Industrial Revolution. However, significant steps forward
were made in the conceptualization of the human-centric approach, the human-to-
machine and machine-to-machine collaboration. The Fifth Industrial Revolution,
with no human intervention, is more like an ending point right now, with an expected
concentration of human attention to more altruistic and creative goals, having no
pressure of fulfilling basic or more elevated needs.
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2 Virtualization on the Architecture of Information
Systems at Organizational Level

In cloud infrastructure, computing power is provided by data centres, which include
servers and data storage systems. It can accommodate most types of integrated infor-
mation systems [11]. The customers pay flexibly, depending on the resources used,
based on a monthly fee. Cloud service users also reduce TCO by eliminating usage
license spending, hardware architectures needed to store data, unnecessary space to
place such equipment and increased data security [10].

From a business model point of view, the components of the cloud services are:

• Customers,who access the service viamobile devices or computers,with the bene-
fits of reducing the costs of purchasing and maintaining hardware infrastructure,
reducing security costs, low energy consumption etc.

• Data centres, which consist of server collections. They can be arranged in the
same space, in the same building or in a space outside the organization and may
contain virtualized servers with installed applications

• Distributed servers, which are in the same organization, but in different geograph-
ical locations, to ensure disaster redundancy (power outage, etc.).

Data centres can have several functions, such as transaction processing centres,
multimedia content delivery centres; data centres to perform complex simulations
and data processing operations for integrated information systems.

General models of virtualization contain the following types of cloud services
[31]:

• IaaS (Infrastructure as a Service) is a cloud service model in which a provider
leases a technology infrastructure, i.e., virtual servers, that can replace existing
systems completely or partially within the company. IaaS allocates the entire suite
of infrastructure resources and facilities (electricity, cooling solutions, etc.) for
hosted hardware platforms

• PaaS (Platform as a Service) is a type of cloud service in which a provider offers
software development and hosting solutions. It is used by companies to develop
and market host solutions on demand or provide services to other companies.
PaaS is created using an IaaS infrastructure that adds to an additional level of
integration with different application development environments

• SaaS (Software as a Service) is a model in which a provider provides web services
for applications that it makes available to end-users. Such services are generally
intended to replace applications installed by users on their local systems. SaaS
(Software as a Service) is based on aPaaS infrastructure, providing an autonomous
operating environment used to provide the ultimate user experience, including
ERP systems, multimedia applications, accounting programmes etc. (Figs. 2 and
3).
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Fig. 2 IT infrastructure transition to cloud architecture

Another study concerning cloud adoption and related technologies states, in 2020,
a massive option to the companies for hybrid architectures where the private cloud
tools are combined with public ones, rising to 78% of total users [21].

The emergence and development of IoT (Internet of Things) devices lead to the
need for organizational integration of such devices. The Garner report [23] shows
that even during the pandemic period, the IT investments that dropped during 2020 is
expected to rise during the next period, using cloud technologies and IoT as a method
to reduce costs, with examples. The following figure shows a reference architecture
for a hybrid cloud platform, using Microsoft Azure, in which one can identify the
following:

• Company’s infrastructure, organized in the form of a private cloud,managed by an
internal data centre, which manages various applications as well as the integrated
ERP, CRM or SCM computer system, which ensures increased data privacy

• Public cloud platform, providing specific collaboration tools through SharePoint
and Office 365

• Azure IoT platform, necessary for integrating IoT devices into the company’s
workflow.

The detailedmap of the IoTAzure services is presented graphically below, having
as distinctive levels data connectivity, data processing analytics and management,
and presentation and business connectivity (Fig. 4).
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Fig. 3 Hybrid reference architecture for cloud services

3 Production Systems—Trends and Perspectives

From the point of view of current production systems, the benchmark architecture
expected to be implemented in the future is Industry 4.0, with the updates of Industry
5.0. The Industry 4.0 concept enables the integration of the activity of cyber-physical
systems by developing the communication and real-time cooperation capabilities of
human operators and robots, based on the following technologies:

• Implementation of the sensor capacity of the IIoT (Industrial Internet of Things)
production systems, aimed at monitoring, controlling and organizing production
and predictive maintenance

• Analysis of the large volumes of data provided by IIoT sensors and their use in
optimization and prediction algorithms
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Fig. 4 Detailed map of IoT Azure services

• Systems integration used at the organization level, in the form of extensive plat-
forms, integrating suppliers and customers, with enterprise resource management
modules and product data management, throughout the lifecycle, simulation of
the production process and optimization of production flow

• 3D printing, by additive manufacturing processes, aimed at reducing produc-
tion time for unique products and prototypes and eliminating transport times, for
certain categories of parts, in the service activity (Fig. 5)
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• Augmented reality, by accessing contextual information for operations carried
out by human operators as decision-making support in the production and service
activity

• Cloud computing, as a support structure for the integration of information systems
and sensor data

• Simulation and artificial intelligence, concerning the existence of a digital clone
of physical systems with a degree of advanced behaviour fidelity, with which
simulations of real-time production streams can be carried out, their optimization
and production control

• Autonomous robots, by connecting them to the computer structure of the organi-
zation, having the capacity to communicate and work together, both with human
operators and other machines, equipment, and production facilities in real time

• Cybersecurity, in view of the increasing volume of data being circulated, the
implementation of mandatory security policies and the potential as a source of
bottlenecks or production shutdowns following cyber-attacks.

It is noted that starting from the requirements of the evolution of integrated infor-
mation systems for the transition to cloud architectures, presented above, the concept
of Industry 4.0 is in fact a customization of it, by using them in the industrial
environment.

The forecasts presented in [29], by IQMS, manufacturer of ERP systems, inte-
grated into the 3DExperience platform owned by Dassault Systèmes, identify the
main trends in production systems, howmanufacturers intend to achieve their revenue
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growth targets, operational improvements, digital transformations and the launch of
new products and services in 2019, and in [30]. The studies identified the following
opportunities for the development of production systems (presented by comparison
in Table 4).

Autodesk Company presented in 2019 five major trends for production systems
on the integration or increasing share of various technologies at the organizational
level:

• Adoption of Industry 4.0 production architecture as a standard for future produc-
tion systems, characteristically having a large volume of data used and the possi-
bility of the informational interconnection of the components of the production
system

• Increase purchase costs for robots and drones, tasks such as 3D exploration or
visual inspections to be automated

• Improving interconnectivity by adopting the 5Gstandard, allowing thewidespread
adoption of artificial intelligence and data collection and equipment control using
IoT in real time

• Inclusion of blockchain technology in the information architecture of production
systems, prerequisites for increasing the accuracy of available data through the
existence of shared data block, data can be viewed and used in decision support
at all levels of the production system

• 3D printing expansion as a manufacturing process by reducing manufacturing
time and costs for various applications.

The same company presented in [2] the prediction for 2021 in the case of the
manufacturing systems evolution:

• Orienting to more personalized production, the customers valuing the real indi-
vidual needs, pressing to the manufacturers to provide more individualized
products

• Refining the smart products’ design, with more understandable data and aggre-
gating into more comprehensive form, strongly related with the individual
behaviour, sensing capability being not enough without a proper interpretation
of the data obtained, using phone apps or web-based portals

• Imposed quarantine periods, and the temporary incapacity of workers in 2020,
due to the COVID pandemic, impose the automation of most repetitive tasks,
extended to all industries

• Shortening and flexibilization of the supply chain, from the same reasons
explained above, during theCOVIDpandemic,with closedborders andproduction
stopped because of workers temporary incapacity to work

• Integrating on-site data centres, in the construction industry and extensive use of
prefabrication, shortening the construction time and saving space needed to store
the materials,

Another assessment of production system trend is presented by Microsoft,
identifying six trends in [42] the development of production systems:
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Table 4 Prediction for the manufacturing systems by IQMS in 2019 and 2021

2019 predictions 2021 predictions

Increasing the share of the use of analysis and
business intelligence tools, chain-wide
suppliers, stores and management teams,
through custom-integrated platforms, which
will use data provided by existing systems and
which will include predictive analysis or
machine learning tools

Rethinking of the workers responsibilities, by
automation of annoying tasks, the companies
struggling to attract trained employees with
enhanced digital skills

Obligation to use an enterprise resource
planning (ERP) system to increase
customer-centred competitiveness

ERP remain a “must have” for the industry,
with real-time capabilities, and more
advanced financial and sales reports, being
considered the backbone of the IT system

Integrating supply chains, from the
manufacturing industry, into smart grids with
the real-time integration of tracking systems,
aiming at increasing delivery accuracy, and
improving the quality of raw materials

Use of the automated configure, price, quote
tools (CPQ), to avoid the errors from human
interaction, enhanced with 3D images of the
products, able to implement more accurately
the market strategies for a limited time

Use of Wi-Fi and IoT sensors, to the detriment
of PLC or other previous systems, leading to the
creation of a real-time data stream that provides
information on product quality, performance
and performance of the use of means of
production, also used as decision support in
solving operational problems by manufacturers

Adoption of real-time reporting for the supply
chain and manufacturing, given by the
instability of COVID pandemic, shortening
the usual need of the reporting period to
almost instant

Widespread adoption of robots, due to the
chronic lack of labour in the manufacturing
industry, accompanied by increased demand for
large-volume parts and assemblies among
mid-level producers, with a view to increasing
and maintaining market share

Due to the COVID pandemic instability, the
customer preferred the suppliers who can
deliver faster and predictable, the
manufacturers integrating the ERP with the
CAD systems

Imposing as a standard of manufacture
intelligent machinery and equipment at all
levels of production

The IoT ability inclusion in the machine tools,
enhancing the existing predictive maintenance
function with dimensional control, integrated
with the quality control module

Widespread adoption of IIoT (Industrial Internet
of Things) devices, particularly not only in
real-time monitoring of operations but also in
predictive maintenance or quality assurance

Expanding the traceability for the products,
especially for food and beverages, increasing
the production conformity with various faster
changing regulation, companies being
interested in obtaining certifications or to
make external audit to prove the quality and
traceability of the products

Implementation of blockchain data structures at
the production activity level, through
relationships with similar structures at supplier
level, operational planning, and the emergence
of new business models

Increasing the sustainability for the
manufacturing, in terms of reducing the
generated waste, or to acquire more efficient
facilities for energy production

Migrating production to smart products with
Product as a Service business models by
ensuring a steady flow of sales and revenue,
respectively, by increasing the duration of use
and the possibility of updating the performance
of the product

More extensive the use of digital twins and
simulation in the smart factory, at workplace
level, to improve the safety and the efficiency
of the workers

(continued)
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Table 4 (continued)

2019 predictions 2021 predictions

Increase cybersecurity spending and improve
the organization’s internal data protection

• Integrating the IT system into operational technology by adding communication
and data collection capabilities to old equipment, using cloud-computing infras-
tructures, integrating existing command and control software systems, imple-
menting IoT at all levels of the production system, increasing human–robot
interaction and adopting efficient and environmentally friendly technologies

• Adoption of the Product as a Service model, by sharing products or shortening
the supply chain of the product, due to the decrease in purchasing power and the
tendency to federalize and depersonalize the means of production. A trend with
potential is Manufacturing as a Service, in which the production order is trans-
mitted through control platforms, the actual production facility being unknown
to the beneficiary, the decision of location belonging to the proprietary group
of production facilities. Similarly, emerging services are supported by industry
profile, such as Design as a Service, Experimentation as a Service, Equipment as
a Service, Simulation as a Service, Management as a Service, Maintenance as a
Service and Integration as a Service

• Widespread implementation of the smart production concept, through the integra-
tion of artificial intelligence andmachine learning at the operational level, leading
to lower production costs, shortening production times, avoiding bottlenecks and
failures through productive maintenance, adopting blockchain technology at the
organizational level and including supply in the smart value chain

• Replication of physical production systems in the virtual environment and use
of these models for design, operation, simulation and diagnosis, with the aim
of reducing manufacturing defects at the project level. Also, it is foreseen to
extend additive and subtractive production processes in the production of goods,
as well as the use of new materials in these processes. Another trend is the use
of autonomous equipment and machinery capable of operating without human
intervention or by limited intervention in automated workflows. The expansion of
human–machine interaction capacity, as well as the capitalization of the operating
ability, is estimated to be achieved by using augmented and virtual reality as a
component part of operations

• Adapting business processes to the available human resource by increasing the
share of the active population after 55 years, correlated with the competition of
digital natives, leading to changes in the way of inter-personal interaction, by
adapting IT tools as a way of conversation and information, at the expense of
direct conversation. Another direct consequence will be the change in the way of
working in companies, requiring a focus on employee availability, and supporting
the entrepreneurial spirit, by participating in the decision-making process. It is to
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be expected, by changing the age structure and adopting information technology,
to have a gap, through the prism of people’s abilities,

• Increasing the uncertainty of the business environment by introducing new rules
(GDPR) or excessive politicization by delineating newmarkets through new trade
agreements and lack of predictability on industrial development. In this respect,
the additional costs of ensuring the protection of personal data at the company
level, requirements for concrete data protection measures at the company level
and the obligation to report security incidents are underway. In terms of the delim-
itation of new markets and trade agreements, the most eloquent examples of 2019
are the trade agreements and customs policy of the United States of America, in
particular with China, but also the imminent exit of the United Kingdom from the
European Union.

The 2020 point of view of Microsoft, regarding the future of the manufacturing
systems is presented in [43], concerning the next tendencies:

• Data unification and availability extension is the most important trend for the
manufacturing systems, the same data being acquired, shared and used among the
company, by different worker categories from various devices

• Shifting from new emergent technology adoption to an increased experience of
the customer, regarding the goods and services, the customer being more careful
to spend, expecting to cheaper, better and faster-delivered products, forcing the
manufacturers to develop more innovative processes to reduce cost, to include
more additional services and to find a faster-delivering solution, using the unified
data collected in the process

• Spreading the smartmanufacturing as standard,with IoTandoperation technology
connected, enhanced with AI capacities

• Enhancement of sustainable manufacturing and increase the safety of workers at
theworkplace, because of the regulatory bodies, communities andNGO’s pressure

• Adapting to a more polarized workforce, with an aged population and the rise of
Z-generation, necessitating more efforts of training and changing the workstyle,
the workforce should adapt to very fast-changing technologies, including the
organizational way of conducting business

• Increase the R&D spending, with a strong accent on rapid prototyping, digital
twin, augmented reality, nanotechnologies, and simulation, to fasten the time-to-
market

• Rethinking of the supply chain, as an important differentiation from the compe-
tition, adopting on large scale the traceability and prediction of delivery time,
including autonomous vehicles or drones, for delivery and autonomous robots to
sort and store the products inside the warehouse

• Continuous adaptation of businesses to increased uncertainty, the COVID
pandemic impacted the global economy, by exposing the supply chain weak-
ness, changing the consumer behaviour to a smarter purchase and the suppliers’
temporary indisposition as a result of the imposed quarantine.
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4 Conclusions

The current trends of the manufacturing systems are the result of a long evolution
of technology and management style. The comparison of the industrial revolution
with Maslow’ hierarchy of needs, offer a clearer image of the challenges and limi-
tations of each time span. The life quality indicators, such as average world life
expectancy, GDP per capita and general population revealed a continuous improve-
ment of the general life because of the industrial revolutions. The first section of
the chapter enforced the time placement and the opportunity of the manufacturing
systems evolution. Using extensively IT and other related technologies, in the manu-
facturing process, and in all aspects of everyday life, impacted massively the quality
of life. However, Industry 4.0 become possible after the manufacturing collaborative
paradigms presented (e.g., bionic, fractal, multi-agent etc.) which established the
principle of operation. The impact of Industry 4.0 at the society level is too early, in
historical terms to be evaluated. Furthermore, the initial concept was updated with
sustainability and resilience dimensions, protecting the resources and the human-
centred paradigm. Even if autonomous robots became a necessity in today industry,
the role of the humanworkers remain decisive in themanufacturing systems, exposed
also by the pandemic crisis. Globalization also showed limitations, with delivery
outages or unpredictability, and more and more countries orienting to relocate the
critical industries to their homeland.

The COVID pandemic impacted the manufacturing systems, by shifting the focus
from the product to the customer needs. The consumer, because of cutting incomes,
became more aware of the product value, carefully spending on smarter products,
more oriented to their needs. The pandemic situation exposed the globalizationweak-
ness, in terms of concentration various industries in a limited geographical area,
depending on international transportation to deliver goods on the local market. The
supply chain flexibility and prediction were the most valuable asset in the past year.
However, the already implemented IoT and AI in the manufacturing information
systemsmust bemore integrated and available to all working positions with real-time
data, andmore important, interpreted data usingAI or other decision support systems
techniques. The faster than ever-changing technologies used in the manufacturing
process and in the operational chain, cumulated with the ageing of the workforce,
conducted a more careful management of the human resources, the worker being
exposed to a large volume of data, to support the working process. The ageing of
the workforce and changing of the generation to “native digitals” polarize the teams
and impose continuous training programmes. The pandemic also changes the work-
style to remote work, changing the office with the employees’ home, for a period of
time, or alternating the office style with home. Thus, reveals an immediate necessity
to offer the same data and tools by internet-based solutions. The pandemic practice
might become a standard in the future, with a great impact on the workforce mobility,
shortening the operation costs with offices operation cost and increasing the workers
general quality of life, by eliminating the travel time to the office.
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Concluding the above issues and relevant for further development, we mention
the main forecast directions for the development of manufacturing systems:

• Organization of an integrated management system at the organization level,
including mandatory and optional management subsystems in various fields
(quality assurance, environmental protection, social responsibility, GDPR etc.)
and the implementation of common procedures and measurable outcome indica-
tors, which can be then implemented in the organization’s IT system by providing
decision support

• Large-scale implementation, including large companies and medium-sized and
small enterprises, of an integrated enterprise resourcemanagement systemcapable
of exchanging data with similar systems and client platforms, as well as updating
real-time data on production activity

• Increasing sensory possibilities (IoT) at the manufacturing workshop level and
using the data obtained in the planning, simulation and organization of ad hoc
production, at the expense of centralised modelling, simulation and planning
systems

• Adoption of new manufacturing strategies and processes to ensure a decrease in
production time, meeting customer requirements as well as delivery forecasting,
through advanced production technologies and the widespread use of artificial
intelligence to reduce bottlenecks in production

• Increasing the gap in available workforce skills by segmenting it by age and digital
skills. The progressive replacement of the human factor in the production process
and the structural change in the way of working are also expected.
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