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Abstract: Nowadays, most countries are going through a rapid technological change and need to think of new
ideas to keep up with this pace. With theindustrial sector being one of the cornerstones of any country, companies
need to find ways to adapt and accel erate the digitization process "Industry 4.0". Thisisto continue production in
the future in the face of pandemics like Covid-19. The latter has plunged the industrial sector into a seriouscrisis,
as many factories have indeed been closed for weeks to protect the health of their employees.

This paper examinesin detail, on the one hand, the results of existing research carried out on the impact of the
Covid-19 crisison industrial enterprises at the national and international levels. On the other hand, it presents the
evolution of Industry 4.0, its advantages and disadvantages, and the relevant technologies of thisindustry. Finally,

it shows the use of Industry 4.0 in the management of thiscrisis.

Keywords: Covid-19, Industry 4.0, Industrial revolution, Digitalization, | mpact.

1. Introduction

The world is witnessing a rapid progression of
digitization and networking, leading to an increase in
competition among companies at both domestic and
international levels. As a result, customer-specific
production has become more diverse and complex,
emphasizing the need for an innovative and efficient
approach to production management. In response to
this, the integration of the fourth industrial revolution,
known as Industry 4.0, has become more prevalent in
information management and production.

Industry 4.0 is based on the application of new
advanced technologies such as Artificial Intelligence,
Internet of Things (10T), and additive manufacturing.
These technologies have revolutionized the
manufacturing sector, enabling companies to improve
their operational efficiency, reduce production costs,
and increase their competitive edge. Artificia

http://www.sensorsportal.com/HTML/DIGEST/P_3300.htm

Intelligence and loT, for instance, can enhance
decision-making processes, optimize supply chains,
and automate production processes, while additive
manufacturing allows companies to create complex
and customized products quickly and efficiently.

However, the emergence of the Covid-19
pandemic in early 2020 has created a major disruption
in the global economy, causing many companies to
close or scale back their operations. Some businesses
have sought alternative solutions to cope with the
pandemic's impact, investing heavily in technology
such as Industry 4.0. Moroccan businesses are among
those adopting these solutions, recognizing the
potential benefits of integrating advanced technologies
into their operations.

The integration of Industry 4.0 technologies has
become crucial for businessesto remain competitivein
today's fast-paced and ever-changing business
environment. The Covid-19 pandemic has further

67


https://sensorsportal.com/

Sensors & Transducers, Vol. 261, Issue 2, June 2023, pp. 67-76

emphasized the importance of these technologies, as
companies seek to adapt to the new norma and
overcome the challenges posed by the pandemic.
Moroccan businesses are taking steps towards
integrating Industry 4.0 technologies to improve their
operationa efficiency, reduce costs, and enhance their
competitiveness in the global market.

2. Impact of the Covid-19 Crisison
Industrial Moroccan Companies

2.1. Globally

The Covid-19 pandemic that hit the globe in 2020
has had a real impact on all the world’s economies,
halting after containment/decontamination and
sanitary measures were continuously implemented.
The pandemic has severely impacted the financial
health of companies. Some industries are experiencing
unprecedented sharp declines in sales and have had to
cut back on spending and borrowing to make the
payments.

Of the Covid-19 pandemic on businesses and
individuals, the economic fallout from the crisis
continues to be felt across various sectors. According
to the World Bank, awave of bankruptciesis expected
in several industries, including travel, hospitality, and
entertainment, with some experts predicting that the
true extent of the damage to the economy may not be
fully realized until several years down theline.

The pandemic has led to a significant drop in
consumer demand, with a quarter of companies
worldwide seeing their turnover fall by 50 % or more.
This has resulted in widespread job losses, with 11 %
of companies reporting an increase in the number of
registered unemployed during 2020 and having to lay
off their employees. These layoffs have had a
disproportionate impact on vulnerable groups, such as
low-income workers and those in precarious
employment, who are often thefirst to be let go during
times of economic uncertainty.

Moreover, the pandemic has highlighted the need
for businesses to adapt to changing circumstances and
invest in new technologies and ways of working.
Companies that were able to pivot quickly and adopt
new business models, such as online ordering and
delivery services, have fared better than those that
were slow to adapt. However, the cost of such
investments can be high, particularly for small and
medium-sized enterprises (SMEs) that may not have
the financial resources to weather the storm.

Here are some of the possible impacts of the
coronavirus on the global economy:

- Supply chain disruption;

- Cancellation of technical and technology
meeting;

- ‘The need for remote interaction isincreasing;

- Telemedicine/Telework;

- Use of virtual redlity (VR) in business.
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2.2. Nationally

Morocco, like al countries in the world, has not
been able to escape the Covid-19 crisis, which has had
avery seriousimpact on its economy and health. Faced
with this situation, the Moroccan government has
made great efforts to ensure that the effects of this
crisis do not become too severe. Anticipated and
monitored the direct and indirect impact of the Covid-
19 pandemic on the economy and identified support
for the most affected sectors[1].

From the onset of the pandemic, the Moroccan
government implemented a number of measures to
anticipate and monitor the direct and indirect impacts
of Covid-19 on the economy. The government
established a specia committee to manage the
response to the pandemic and set up a national fund to
support the health sector, provide emergency financial
assistance, and mitigate the economic impact of the
crisis.

The current health crisis (COVID-19) has hit
Morocco's economy hard and will have a huge impact
in the coming years. Entire sectors are severely
affected:

- Tourism sector;

- Textile department;

- Sector of the automotive industry;

- Transportation and logistics department;

- Craft department;

- Commercial sector;

- Services department.

According to a study on the impact of Covid-19
conducted by the High Commission, as of the end of
April 2020, 57 % of 4,000 Moroccan companies had
temporarily or permanently closed their operations
(seefigure 1).
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Fig. 1. Impact of covid-19: level of activity (from HCP
survey).

Of the surveyed companies that were temporarily
or permanently out of business, 72% were very small
companies, 26% were small and medium-sized
companies and 2% were large companies [2].
According to figure 2, these companies are divided
into four main sectors. Services, Industry,
Construction and Commerce.

The Moroccan government has also implemented a
number of measures to support SMESs, including
providing them with access to low-interest loans and
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establishing a special fund to support the development
of innovative and technology-driven SMEs.

Distribution of employment that
would have been reduced by
sector of activity
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Fig. 2. Results of the High Commission's survey on the
effects of covid-19 on Moroccan business activity in 2020.

In addition to the impact of Covid-19 on company
operations, there are also interesting economic
implications, which can be summarized in three
points: [3]:

- Demand shock:

o Partialy self-imposed quarantine measures
that reduced consumer spending.

o Decline in consumer confidence as well as
decline in consumption.

- Supply shock:

o Pant closures and logical bottlenecks that
reduced the supply of consumer and industrial
goods.

o Firmsthat reduced investment activity.

- Credit Crisis.

o Business and consumer lending stalled.

o Liquidity constraints that have further
reduced investment and consumption (cash
flow).

3. Evolution of the Industry

Theindustry has undergone amajor revolution (see
figure 3). From the origina production system
(Industry 1.0), which was essentially based on
agriculture, we have evolved into an intelligent
industrial system
(Industry 4.0).

3.1. Industry 1.0 “ Mechanization”

Between 1680 and 1720 there was the Agricultural
Revolution and the Population Revolution which
imposed the Industrial Revolution. Indeed, in 1765
James Watt harnessed coa and invented the steam
engine, fundamentally changing the genera
organization of production. This production is
agricultural in nature. This increased production
capacity and forced the market to start production at
various outlets [5].

Thisrevolution allowsthe creation of factories that
use steam engines to power equipment and increase
speed for more important manufacturing. However,
with the advent of these factories, society has begun to
take an interest in environmental issues [6].

*Industry 1.0 " M echanization
eIndustrial production by means of
water- and steam-powered
machines
57 eIndustry 2.0" Electrification
nn *Mass production through assembly
lines

©o9
eIndustry 3.0" Automation
@ « Automation through electronics
and computers

eIndustry 4.0" Digitalization
eIntroduction of digital technologies

Fig. 3. The evolution of theindustry over time [4].

3.2. Industry 2.0 “Electrification”

The second industrial revolution began in the early
20th century with the invention of electricity, motors
and assembly lines. The main objectives of this
revolution were the introduction of mass production
and innovation in chemistry and related fields [7].

Henry Ford (1863-1947) conceived the idea of
mass production in a Chicago slaughterhouse and
invented an assembly line for the mass production of
vehicles, making the machines he designed more
mobile. Thanks to technology, respecting the
environment becomes an obstacle as vehicles, means
of transport, some devices embedded in machines and
even machines consume oil.

3.3. Industry 3.0 * Automation”

Computers appeared in the late 20th century.
Electronic devices have been invented and used in
industrial environments since the 1970s. Vacuum
tubes were replaced by transistors and electronic
circuits moved to integrated circuit chips[5].

At that time, production was further advanced by
the automation of mechanical machines, computers,
programmable logic controllers and
telecommunications.

Since theintroduction of these techniques, we have
been able to collect more and more data over time or
retrospectively.

In the face of this revolution, the problem of
environmental pollution caused by these machines and
the untreated industrial waste became a very big
obstacle[8].
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3.4. Industry 4.0 “ Digitalization”

Industry 4.0 is the fina stage of the industrial
development process. The term Industry 4.0 was first
introduced at the 2011 Hannover Fair in Germany
[9].

This latest revolution is also called the Industrial
Internet of Things or Factory of the Future. This
revolution aims to implement smart factories that can
produce products with greener and more efficient
processes.

Industry 4.0 is characterized by highly developed
automation and digitalization processes and the use of
electronics and information technology (IT) in
manufacturing and services [10].

One of the main goals of Industry 4.0 isto connect
the physical and virtual worlds through a combination
of assembly lines and custom manufacturing.

The benefits of this technology include increased
productivity, reduced errors and rework, and the
execution of high-risk tasks [5].

4. Advantages and Disadvantages
of Industry 4.0

4.1. Benefits of Industry 4.0

The benefits of Industry 4.0 can be divided into
three main aspects [5]:

-Technical aspects. increased productivity and
operational  efficiency, simple networking and
information in traditional industry, communication
between machines and humans via loT, analytics and
processing.

- Logical dimensions: industry 4.0 can reduce
logistics costs, optimize throughput times and deliver
ordersfaster.

- Ecological and human aspects: The industry can
reduce production waste, energy consumption, errors,
and worker complaints, making it easier to perform
high-risk tasks.

4.2. Obstaclesto the Implementation
of Industry 4.0

After analyzing the following articles: [11-14] we
can synthesize a series of barriers to: High cost;
Limited enterprise structure; Hacking by cyber-
attacks, Mindset of the staff and adapting to new
changes and Lack of skilled manpower.

5. Technologies Associated
with Industry 4.0

The technologies associated with Industry 4.0 are
diverse and the list continues to grow over time.
According to PFEIFFER [15] and his KAHMANN
[16], he has four dimensions of technology for
industrial applications. However, their impact differs
in terms of human-machine interaction, qualifications,
work organization, and staff representation:

- Mobile and internet-based communication;

- Strengthen production network;

- New robots and production techniques;

- Wearable computing objects.

All those programs are primarily based totally on
nine technological pillars (see figure 4). These
improvements bridge the bodily and virtual worldsand
make clever and self-sustaining structures possible.

In general, companies use most of these
technologies, but the effectiveness of Industry 4.0 is
only realized when they are used together.
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Fig. 4. The nine technological pillars of Industry 4.0 inspired by the work
of the Digital Region (Auvergne-Rhone-Alpes region).
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5.1. Artificial Intelligence/ Big Data

Artificial intelligence is defined as the set of
technologies and computer programs aimed at
performing cognitive tasks traditionally and
satisfactorily performed by human beings that require
high-level mental processes.

In 2017 DEVILLERS defined artificid
intelligence as "the set of theories of agorithms and
software, which aim to simulate human cognitive
abilities' [17].

Confirmed by MONNIER in 2018, artificia
intelligence "refers to the simulation of human
intelligence processes by machines and computer
systems. These processes include learning (the
acquisition of information and rules related to its use),
reasoning (the use of rules to reach approximate or
accurate conclusions) and self-correction.” [18]

In Industry 4.0, the application of artificial
intelligence resources such as neural networks,
machine learning and Bayesian networks can be
applied to make decisions and control production
machines.

Big Data analytics applies massive data from a
variety of complex sources and formats and processes
it to make better decisions. Big Data helps optimize
production quality, save energy, improve equipment
service and accelerate the competitive advantage of
companies.

The Big Data framework could be described as
follows: data as atool (solving traditional value chain
problems with existing capabilities), data as an
industry (new ventures and development of software
systemsfor processing big data), and data as a strategy
(building data resources by devel oping new innovative
business models). [19]

In the context of Industry 4.0, the comprehensive
collection and evaluation of data from many different
sources (production equipment and systems, business
and customer management, etc.) alows to support
real-time decision making [20]

5.2. Internet of Things

According to ISO/IEC 30141, the Internet of
Things is one of the most dynamic and exciting areas
of new information and communication technologies.
It involves the connection of physical entities (objects)
with computer systems over large distances via
networks. This interconnection is able to process
information from the physical and virtua world
collected by sensors, to self-configure, to make
decisions independently and to influence the activities
of the physical world by actuators.

One of the biggest advances in the Internet of
Thingsisbringing the physical and information worlds
together. Sensors play a very important role in
bridging the gap between the physical world and the
information world. Sensors collect data about their
environment and generate information that provides
contextual awareness. [21]

Through the use of 10T, business operations
become more agile and integrated and gain a
competitive advantage [19].

For 10T to work, "objects’ must meet five criteria
[22]:

1. They must have their own identity, e.g. through
barcodes, RFID chips and serial numbers;

2. They must be able to communicate, whether by
Wi-Fi, Bluetooth, or other;

3. They must have senses via sensors
(thermometer, GPS, accelerometer, barometer, optical
sensor, etc.);

4. They must be remotely controllable;

5. They must (or can) be self-learning.

For Industry 4.0, the Internet of Things enablesthe
connection of a huge variety of digital and physical
resources, embedded or not. The network enables
decentralized decision making and real-time reaction
at the system level.

5.3. Collaborative Robots and Smart
M achines

In industry, robots have been used for along time
to perform complex tasks that cannot be easily solved
by a human.

Lately, they are able to collaborate with each other
and with humans (Collaborative Robots). These robots
are autonomous, flexible and cooperative. In addition,
they cost less and have a wider range of capabilities.
[23]

Collaborative robots, sometimes called "cobots',
are a branch of robotics, their purpose of use and use
by human operatorsisthe physical sharing of the same
workspace [24]. From a technical point of view, they
are designed to be isolated by grids and physica
barriersin order to ensure the safety of theworkersand
they are equipped with sensors alowing the detection
of the human presence in the shared physical
environment.

Collaborative robots must not only share the same
workstation as workers, but also perform tasks with
them, becometheir assistants and remain dependent on
their intentions and gestures.

In the Industry 4.0 paradigm, machines are
equipped with new connected technologies to become
more autonomous, flexible and collaborative. They
interact with each other and can operate safely
alongside humans.

5.4. Cloud Computing

According to the National Institute of Standards
and Technology (NIST), "Cloud computing isamodel
for enabling convenient, on-demand network accessto
a shared pool of configurable computing resources
(e.g., networks, computers, etc.) that can be rapidly
provisioned and released with minimal management
effort or interaction with the service provider.” [25]
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LeBigDatafr defines cloud computing as the
storage and access of data via the Internet rather than
via a loca hard drive. In contrast to Big Data, cloud
computing represents the infrastructure that manages
and organizes the data. Big Data represents the
content, that is, the dataitself [22].

Cloud computing allows companies to outsource
and virtualize the management and administration of
their IT infrastructure and reduce their IT costs and
technology investments.

Cloud software is used by companies to increase
data storage capacity and facilitate communication
with different stakeholders (resources, suppliers and
customers) [23].

There are three models of cloud computing:
software as a service (SaaS), where access depends on
the customer purchasing an enterprise resource
planning (ERP) system; platform as a service (PaaS),
where customers are alowed to access their
applications on the cloud, such as software devel opers;
and infrastructure as a service (IPS), which provides
core activities such as data storage and management.
The best-known examples of cloud solutions are
Google Drive, offered by Google, Microsoft's
Windows Azur and IBM's BlueCloud [19].

Companies are already using cloud-based software
for some enterprise and analytics applications, but with
Industry 4.0, more production-related businesses will
require incressed data sharing across sites and
corporate boundaries[20]. Even data and functionality
related to production, monitoring and process control
will be able to be deployed in the cloud.

5.5. Cybersecurity

Cloud computing offers many benefits to
businesses, but the promise of commercial success has
somewhat overshadowed the cybersecurity debate.
Indeed, the exchange of industrial data and the remote
control of production systems requires heightened
security measures to ensure that the data that is stored
and traveling over the network, is not vulnerable to
cyber-attacks. Cybersecurity is the set of tools,
policies, security concepts, security safeguards,
guidelines, risk management approaches, actions,
training, best practices, insurance, and technologies
that can be used to protect the cyber environment and
organizational and user assets. [26]

In the context of Industry 4.0, it is essentia to
create a secure and reliable communication, as well as
a sophisticated management of identities and access to
machines and users.

Some examples of cybersecurity solutions we can
mention are: virtual private networks (VPN), antivirus
and firewalls.

5.6. Additive Manufacturing

Additive Manufacturing (AM) has gained
considerable momentum in recent years. The gradual
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shift from prototyping to direct manufacturing of
functional parts is challenging traditional design and
manufacturing methods based on conventiona
subtractive processes.

According to Afnor NF ISO/ASTM 52900 Version
2017, Additive manufacturing, also known as 3D
printing, includes technologies that alow the
manufacture of parts by successive layers of materia
from a digital model. Compared to traditional
manufacturing methods for which the parts are molded
to a specific format or obtained by machining or
cutting a block of material, they can build parts with
complex shapes.

The primary market for these technologies was the
production of models and prototypes to alow better
visualization of designs and to see how the designed
part would interact with pre-existing parts. Because the
use of these technologies reduced the time required to
produce prototypes, they were often referred to as
"rapid prototyping" [27]

3D printing facilitates outsourcing as well as
sharing designs between designers and users. Software
such as Alibre and Autodesk allow a person to design
a product at home or in the office and then email the
design to a client. Designs can aso be shared very
easily in 3D printing [28]

As part of Industry 4.0, this method allows
prototypes and small batches of unique and unusually
shaped custom components to be manufactured from a
digital model to meet customer needs, reducing part
weight, decreasing raw material costs and increasing
design complexity. Additive manufacturing reduces
distance, inventory and overproduction.

5.7. Advanced Simulation T ool

For years, simulation has been successfully used to
solve optimization problemsin thefields of production
and logistics. It should be noted that asimulation is not
equivalent to an optimization, because the parameters
must be defined and proposed by the user and the
solutions must be evaluated afterwards. [29]

Simulation is a technology that consists in
simulating and testing the entire production
operations, the machine settings and the flows before
transposing them into the real world. It istherefore the
virtual mirror of the physical world such as machines,
products and humans.

In Industry 4.0, Simulations provide real-time data
to replicate the physical world in a virtua model,
including machines, products and humans. These
simulations will help the operator make short-term
adjustments by providing insight into complex
systems, gathering information and knowledge
without disrupting the real situation, and planning or
testing, in the virtual world, the processes being run
[30]. This reduces machine setup times and increases
production quality.
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5.8. Augmented Reality

Augmented reality (AR) is an enhanced version of
reality where direct or indirect views of rea-world
physical environments are augmented by the overlay
of computer-generated images. [31]

It is defined as the interactive technology that
enables harmony between the virtual world and its
users, while the virtual world isused as part of the real
world. It improves human-machineinteraction, remote
control of maintenance tasks and visual inspection of
the virtually provided human. [19]

This approach uses several techniques to achieve
this fusion between the physical and computer worlds
such as the integration of computing capabilities into
physical objects, the projection of computer data onto
physical objects, etc., using augmented reality glasses.
[32]

It allows to control and avoid errors that could be
observed at different stages of manufacturing,
especially in  product design and increases
productivity.

For Industry 4.0, augmented reality can provide
assembly or repair instructions based on the current
situation. The implementation of selected elements
from thisrange of alternatives can redefine, depending
on the situation, how an Industry 4.0 product, process
or service is monitored, controlled, optimized or even
made autonomous.

5.8. Integration System

Most IT systems today are not fully integrated.
Companies, suppliers and customers are rarely closely
linked.

Horizontal integration is characterized by the
network between individual machines, pieces of
equipment and production units. In contrast to vertical
integration, which alows production datato be used to
make business, personnel and other decisions by
enabling communication between the horizontally
integrated network and other systems, such as
enterprise resource planning (ERP).

Enterprise Resource Planning (ERP) systems are
solutions composed of several computer modules such
as. accounting, finance, manufacturing costs,
engineering, human resources, invoicing, etc. They are
integrated with each other and allow the management
of information in asingle database [22].

In Industry 4.0, horizontal integration ensures that
machines and processes cooperate smoothly. Vertical
integration ensures that production data is used at
higher organizational levels when making marketing,
personnel or other decisions. This integration creates
connectivity within the supply chain, between
suppliers and customers.

6. Implementation of Industry 4.0in
M or occan Companies

The study of industrial companies in special
economic zones aimed to identify thelevel of adoption
of Industry 4.0 technologies among Moroccan
companies. The study was conducted to raise
awareness of the benefits of Industry 4.0 among
Moroccan companies and encourage them to adopt
these technologies to improve their production
processes and competitiveness.

The results of SAMADI's study (see figure 5)
revealed that 25% of the companies surveyed have
already implemented Industry 4.0 technologiesin their
production processes. This indicates that some
Moroccan companies have recognized the potential
benefits of Industry 4.0 and have taken steps to
integrate these technologies into their operations. In
addition, 56.25% of the companies used a lot of less
sophisticated Industry 4.0 technologies, and 12.5% of
the companies used alot of less sophisticated Industry
4.0 technologies. On the other hand, 6.25% of
companies used only alittle Industry 4.0 technologies.

The study also found that 75% of companies that
have not yet converted their production methods to
Industry 4.0 tend to approve an Industry 4.0 strategy.
Thisis apositive sign, as it shows that the majority of
companies understand the importance of Industry 4.0
and are ready to adopt it. However, 8% of companies
reject Industry 4.0, indicating a lack of understanding
or resistance to change. Finaly, 17% of companies
surveyed are neutral.

Of the companies that have accepted an Industry
4.0 strategy, 38.89% have aready started or are
preparing to implement new production methods using
Industry 4.0. This shows that some Moroccan
companies are taking proactive steps to adopt Industry
4.0 and are making progress in implementing these
technologies.

Industry 4.0 in Moroccan companies

6,25%

i

< i

m Industry 4.0 technologies are already implemented
B Less sophisticated technologies than Industry 4.0 (a large
part)

m Less sophisticated technologies than Industry 4.0 (enough)

Less sophisticated technologies than Industry 4.0 (few)

Fig. 5. Results on the implementation of Industry 4.0
in Moroccan companies [5].
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7. Theuseof Industry 4.0in the
Management of the Covid-19 Crisis

The Covid-19 pandemic had a profound impact on
businesses worldwide. With lockdowns and socid
distancing measures in place, many companies have
had to adapt quickly to survivein thisnew reality. The
pandemic has highlighted the importance of
technology and innovation in meeting these
challenges. Businesses are now looking for new and
innovative ways to use technology to their advantage,
and to find ways to continue operating effectively
despite the constraints imposed by the pandemic.

One of the key technologies that is helping
businesses to overcome these challenges is Industry
4.0. This includes a range of technologies, such as
artificial intelligence, the Internet of Things, and
robotics, that are transforming the way businesses
operate. These technologies are helping companies to
automate processes, improve efficiency, and reduce
costs, even in the face of the pandemic.

Remote collaboration has al so become essential for
many businesses. With most employees forced to
work from home due to lockdowns and socia
distancing, telecommuting has become an appropriate
solution for businesses to continue many of their
remote production methods. [4]

One of the main benefits of Industry 4.0
technologies is instant remote communication
between teams. Tools such as video conferencing,
instant messaging, and project management software
have enabled teams to communicate effectively and
work together remotely. Remote meetings have
become the norm and teams can now collaborate from
anywhere in the world.

Another important aspect of remote collaboration
is remote management of computers and machines.
With Industry 4.0 technologies, companies can
remotely manage and monitor their manufacturing
processes, ensuring optimal performance and reducing
the need for on-site personnel. This remote
management allows companies to continue their
production processes while meeting social distancing
guidelines.

Industry 4.0 technologies aso provide
organizational and project management tools. Project
management software such as Trello, Asana and Jira
are commonly used by remote teams to effectively
manage projects. These tools alow teams to
collaborate on projects, assign tasks, set deadlines and
track progressin real time.

Also, managing documents that can be accessed at
any timeisessential for remote collaboration. Product
lifecycle management (PLM) software enables
companies to manage and track product devel opment
from ideation to launch. PLM software provides a
single source of truth for product data, enabling teams
to collaborate effectively on product development
remotely.

Indeed, Industry 4.0 was able to ensure this
continuity through its technology. Human-machine
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connectivity and connected objects based on the
Internet of Things (10T) haveimproved manufacturing
plant automation and significantly reduced human
intervention. A Gartner survey found that 47% of
companies plan to increase their 10T investment due
to constraints, and a McKinsey report found that 10T
could boost productivity by 10% to 30%, depending
on the industry. 3D printing, or additive
manufacturing, has enabled companies to produce
complex partsthat are integral to the production chain
in hours, as opposed to weeks using traditional
methods (such as manufacturing respiratory organs).

Additionally, other employees are in critical
positions and need to work on-site and follow World
Health Organization precautions to prevent the spread
of Covid-19[4].

- Wear amask: Wearing a mask is one of the most
effective waysto prevent the spread of Covid-19 in the
workplace. Masks should be worn by al employees,
customers, and visitors, and should cover both the nose
and mouth. Masks should be changed regularly and
disposed of properly.

- Ventilate for 10 minutes and wash hands every
hour: Proper ventilation is crucia in preventing the
spread of Covid-19 in indoor spaces. Employers
should ensure that the workplace is properly ventilated
by opening windows or using air conditioning systems
that circulatefresh air. Additionally, employees should
wash their hands frequently with soap and water for at
least 20 seconds, or use hand sanitizer if soap and
water are not available.

- Observe physical distancing: Physical distancing,
or maintaining at least 6 feet of distance from others,
is another important way to prevent the spread of
Covid-19. Employers should modify workspaces and
schedules to ensure that employees can maintain
physical distancing at all times.

- Test for Covid-19 if necessary: Employers should
have a plan in place for testing employees who may
have been exposed to Covid-19. Testing can help
identify asymptomatic cases and prevent further
spread of the virusin the workplace.

Certainly! Industry 4.0 refers to the fourth
industrial revolution, which involves the integration of
advanced technologies such as the Internet of Things
(IoT), machine learning, and computer vision in
manufacturing and other industries. According to
studies, these technologies have been found to have a
positive impact on the application of Covid-19
precautions in the workplace.

One example of how Industry 4.0 technologies can
help with Covid-19 precautions is the use of 10T
devicesto manage personnel who are not wearing face
masks or not respecting physical distancing guidelines.
These devices can detect when employees are in close
proximity to one another and alert them to maintain a
safe distance. They can aso monitor whether
empl oyees are wearing face masks and remind them to
put them on if they are not.

Another exampleis the use of computer vision and
sensors to monitor physica distancing in the
workplace. Computer vision systems can detect the
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presence of people in a given area and measure the
distance between them. This information can be used
to ensure that employees are maintaining a safe
distance from one another.

Machine learning has also played arole in Covid-
19 testing. For example, machine learning algorithms
can be used to analyze large amounts of data from
Covid-19 tests and predict which individuals are most
likely to test positive. This can help to identify high-
risk individuals and prioritize them for testing, which
can help to prevent the spread of the virus in the
workplace.

Overdl, Industry 4.0 technologies have the
potential to improve the effectiveness of Covid-19
precautions in the workplace. By using advanced
technologies such as loT, machine learning, and
computer vision, employers can better monitor and
enforce Covid-19 guidelines, and keep their
employees safe and healthy.

8. Conclusion

The Covid-19 pandemic has undoubtedly had a
significant impact on the global economy and has
forced many companies to rethink their strategies and
priorities. Before the pandemic, the goa of
implementing Industry 4.0 was to enhance the
competitiveness, productivity, sustainability, and
innovation of companies. However, the pandemic has
shifted the focus of many manufacturers towards
weathering the storm and mitigating the damage
caused by this unprecedented crisis.

Despite this shift in priorities, it is still crucia to
consider whether Industry 4.0istill relevant intoday's
world. The answer is unequivocaly yes. Industry 4.0
remains as relevant as ever, and in fact, it may be even
more critical now than before the pandemic. This is
because Industry 4.0 technologies, such as automation,
artificial intelligence, and the Internet of Things (1oT),
can help companies to increase their resilience and
adaptability to the rapidly changing business
environment.

Moreover, Industry 4.0 technologies can also play
a significant role in helping companies to overcome
the pandemic's challenges. For example, automation
can help companies to maintain socia distancing and
reduce therisk of infection in the workplace, whileloT
can enable remote monitoring and control of machines
and equipment. Artificial intelligence can also be used
to develop predictive models for supply chain
disruptions and help companies to better manage their
inventory and production.

In conclusion, while the Covid-19 pandemic has
undoubtedly disrupted the businessworld, Industry 4.0
remains as relevant as ever. In fact, it can be argued
that the pandemic has highlighted the critical
importance of Industry 4.0 technologies in increasing
companies resilience and adaptability to future crises.
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