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About This Course

The INDEX, Industrial Expert Basic Module provides comprehensive knowledgthéosuccessful
implementation of Industry 4.0 solutions. This class on Introduction Industry 4.0 provides basic
knowledge about the key innovative concepts and technologies and covers five areas:

Entrepreneurship, Technology and Restructuring ManagertiehRIM)
Sensors and Automation

Additives Manufacturing

Internet of Things

Augmented Reality

Format

The form of education is-kearning with aprrox. 40 hours of lessons and-salflying. Weekly lessons
include lectures, thematic videos and performing teasks. An important part of this course is
performing final exam in the form of multiple choices quiz, which contains answers based on study
material. The course is set up in compliance with the ECVET System with possibility to obtain the
Certificate of #endance.

Who can take this course?

The BASIC module does not require any specific knowledge on Industry 4.0 and is designed for a wide
audience, who want to learn about 4th Industrial revolution and smart technologies. This means, first
of all, students(bachelors, masters, specialists), whose curricula include disciplines related to the
industry 4.0 and smart technologies. The course will be of particular interest to:

Senior executives or a development department managers of your enterprise interedtsatiing

about Industry 4.0 technologies and opportunities of their implementation;

Professionals interested in application of Industry-da@ed solutions in his area of expertise.

Founders of highechnology startups;

Young engineers of the company wiscalready working on development of specific components of
Industry 4.0 and their application or is interested in expanding the base of customers that develop
smart technologies for new fields of application;

Educators teaching graduate and postgraduatarses focusing on Industry 4.0 technologies;

Students or postgraduates interested in Industry 4.0 Technologies.
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Programme of the course
Introduction

Historical introduction into the industrial revolutions
Key features of the fourth industrial revolution

Entrepreneurship, Technology and Restructuring ManagemefitR B\)

Introduction to entrepreneurship
Innovation management basic concepts
Overview of valorisation and technology transfer

Sensors and Automatization

Introduction

History of sensors
Sensorand actuators
Basics of automation
Impact for industry 4.0

Additive Manufacturing

Overview

What is Additive Manufacturing (AM)

Advantages and disadvantages of Additive Manufacturing
Materials and production methods

What are the use cases for AM

Internetof Things
Introduction

Application cases

Industrial Internet of Things
Security

Augmented Reality

Definition and concepts
History of Augmented Reality
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Course staff

Introduction

Andrea Paolettj University of Florence, Master student
Filippo MichelettiPh.D., Institute of Applied Physics, CNR, Researcher
Fulvio RattoPh.D, Institute of Applied Physics, CNR, Researcher

Entrepreneurship, Technology and Restructuring ManagemenrT BEEM)

Pawel GlodekPh.D/DSc, University of Lodz, Associate Professor
T.Bartosz KalinowskPh.D/DSc, University of Lodz, Associate Professor
Magdalena Wisniewsk#&h.D, University of Lodz, Assisstant Professor

Sensors and automation

Martin BenninkPh.D, Saxion University of Applied Sciences, Professor
Aurel YmetiPh.D, Saxionniversity of Applied Sciences, Senior Researcher
Maarten van RossumSaxion University of Applied Sciences, Researcher

Additive Manufacturing

Andreas JahProf. D. Eng., University of Applied Sciences Dusseldorf, Professor
Lennard MullerB. Eng., Universitof Applied Sciences Disseldorf, Research Assistant
Sven MarkusB. Eng., University of Applied Sciences Dusseldorf, Research Assistant

Internet of Things

Filippo MichelettiPh.D., Institute of Applied Physics, CNR, Researcher
Lucia CaviglPh.D., Institug of Applied Physics, CNR, Researcher
Fulvio RattoPh.D, Institute of Applied Physics, CNR, Researcher

Augmented Reality
Paulina Spanssoc. Ph.D. Eng., University Politehnica of Bucharest, Professor
Catalin Amz&rof. Ph.D. Eng., University Politehni¢@acharest, Professor.

Results

As the result of completing the INDE¥dustrial Expert BASIC Module, learners will know:
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Key aspects of the 4th industrial revolution

The path that led the 4th industrial revolution

Definition of entrepreneurship and itoore concepts
Commercialization and technology transfer strategies
Classification of sensors and automatization strategies

Basic knowledge about printing technologies and usable materials
Origin of the Industrial Internet of Things

Internet of Things infrstructure and its most common configurations
Key concepts of augmented reality

Differences between augmented reality and virtual reality

Competences

As the result of completing the INDE¥hdustrial Expert BASIC Module, learners will be able:

to define enrepreneurship and its core concepts

to use the knowledge and skills about the key aspects of the 4th industrial revolution

to understand what is commercialisation and technology transfer

to decide if additive manufacturing technologies are potentiallyetiesting for his intended
application

to design the overall layout of an industrial I0T architecture

to recognize the difference between augmented reality and virtual reality

*
*
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Introduction
Historical Introduction into the Industrial Revolution
Introduction

In the course of modern history, humanity has experienced several changes of its social structures and
its connection with nature. Our lifestyle itself has changed a lot over the last two and a half centuries.
The main reason for these chagjhas been the economiansformations whichhave occurred as

a consequence of the Industrial Revolutions.

Historians usually identify three different Industrial Revolutions, while the fourth one is taking place
currently. These revolutions diffefrom one to another for their industrial and economic
consequenceddowever they all share some common features:

A key rolen scientific and technological development;

A central roldn politics in supporting innovation;

A strong sentiment dfiopefor the future and the promise for a better lifestyle for workers
and their families. All Industrial Revolutions have made, in their own way, a huge and
persistent impact on society, culture, technology, economics and politics.

In a nutshell, the actualifst Industrial Revolution introduced mechanization, steam power and iconic
machines like weaving looms. The second one was the realm of mass production, assembly lines and
electrical energy. The third one involved automation, computers and electronics.

The first Industrial Revolution

TheFirst Industrial Revolutiowas the process of transition from th@eviousconceptof economy
based on agriculture and handicraft to the new economic model founded on industry and machines.
It took place towards thend of the 18th century ifEngland and then expanded all over Europe,
North America and Japan. Later, its paradigm gradually spread worldwide.

The termindustrial Revolutiomwas first used in the 19th century by British economic historian Arnold
Toynbee It was later popularized by academics and economists like Karl Marx, Adolphe Blanqui and
John Stuart Mill. British economic historian Thomas S. Ashton identified the beginning of the
revolution with the first years of the long reign of George lll, ingbdy 1760s, and its end with the

first years of the short reign of William IV, in the early 1830s. The First Industrial Revolution mainly
involved the textile, the metallurgic and the extractive industries.

The most relevant innovations introduced duritige First Industrial Revolution were the usenaw
materials, including iron and steel, the use éw energy sourcessuch as coal and steam engines,

the invention ofnew machinesand anew organization of workknown as thdactory systemThese
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innovatons led to disruptive consequenckes the involved societies, i.e. mainlybanizationand the
growth of cities, the rise of aew working classand the increase of thgpeed oftransport as well as
communications

From the 1760s to the 1830s thegtilndustrial Revolution hardly crosséshglishborders. At first,
England was aware of its advantage over the other European countries, and seized the chance to
consolidate its economic supremacy. However, its monopoly position could not last foredethe
industrial innovations made in England slowly made their way im@mhbouringcountries like
Germany, France and Belgium. The latter was actually the first to join this economic transformation.
But Germany, even if with some delay, graduallyhgdia dominant position in terms of capacity to
innovate its industrial system. The United States and Japan joined the revolution by around the end
of the 19th century with an unexpectable success.

Economists usually identify three fundamental aspects #gwificantly contributed to the growth of
the revolution inEngland

the creation of astrong national market

the availability ofinancial meando invest in new factories and transform handicraft
productions;

the chance to obtaimaw materials at dow price.

British GDP tripled in 50 years. This exponential growth was made possible by a process of social
construction of a new ruling class based on the convergence of the most dynamic elements of the
emerging commercial bourgeoisie and the traditionddnd aristocracy, which led to massive
investments in manufacturing technologies.

Some theorists lay emphasis on the importance of the previggricultural Revolutiopromoted by

the Britishgovernment at the beginning of the 18th century, which ignfoverlooked as a driver of

the Industrial Revolution. In fact, the agricultural innovations introduced in Britain, such as a
widespread use oEnclousersresultedin a significant increase of agricultural production and the
consequent acceleration oflemographic growth. In addition, the introduction of innovative
agricultural techniques mitigated the need for manpower, and so many peasants became available
for employment in factories.

One of the most important economists of the 20th century, JosepBchumpeter, pointed out the
importance of the difference betweenventionandinnovation Whileinventorsare those who create
something new as a result of their hairtlividual work,innovatorsare those who manage to bring
inventions to the market. One of the fundamental inventions of this period was the flying shuttle
ideated by John Kay, which significantly improved the weaving speed in the textile industry. Other
AY@SyiaArAz2ya S8NBSTKE: apRIAVW NSA | | NANBI @dSa | yR
Richard Arkwright was one of the main innovators of the revolution. As an engineer and an
entrepreneur, he introduced the water frame spinning machine in his factories. In 1785, Edmund
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Cartwrght invented an automated weaving machine, which was first powered by horses, but was later
upgraded with a steam engine. Thanks to the introduction of these new technologies, the production
of clothes vertiginously increased in England, which calleduge lamounts of cotton from India. The
consequences of the Industrial Revolution were about to spread all over the world. The production of
cotton was the fastest flourishing sector of the textile industry.

The metallurgic industry was the secondecomeinvolved in the revolution. At the beginning of the

18th century, England was running out of supplies of wood, which was the heat source used to melt
iron minerals. Because of this shortage, the metallurgic industry underwent a setback. In 1709,
AbrahamDarby came up with a process to use coal in the cast iron production. Coal was used in the
form of coke. The steam machine was an important innovation that helped boost the growth of the
metallurgic industry. One of the first prototypestbe steam macine was that proposed by Thomas
Newcomen, which was improved by James Watt in 1765, who is still celebrated as a pioneer of the
Industrial Revolution. Steam machines were installed in textile and iron factories from around 1785.

Figure 1: A view in Whitehapel road, a caricature of steam carriages by H. T. Alken. Soéngeglic domairwork of art

At the dawn of the 18th century, the English road network wasewhatobsolete. From 17® to

1774, theBritishParliament promoted the construction of new roads together with the improvement

of the existing network. The government introduced the payment of tolls to encourage private
companies to fund road works. In an attempt to promote thansportation of coke, new canals were
opened. In turn, railways did not play a key role in the First Industrial Revolution, given that the steam
locomotive was invented after 1830. Another important innovationtriansport was a massive
construction @ bridges. Bridges were mad# cast iron at first, which is not as elastic as the steel
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introduced in the 19th century. Steel bridges were much safer than their cast iron predecessors, and
could cover much longer distances.

Figure 2: Cromford Canal Wpath. Looking South along Cromford Canal, about 1 km South of Whatstandwell, the picture
shows the four forms of transport running through this section of the valley, from left to right: the canal and its towpath,
the railway line, the road and the riveDerwent. SourceCC B¥SAby Sharkstar, vidVikimedia Commons

The industrial revolution led to strikirgpcial changesThanks to the combination of new agricultural
techniques and progress in medicine and hygiene, the population in Europe has glmdstipled

over the last 200 years. Life expectancy was between 25 to 35 years before the revolution, and it now
exceeds 75 years. However, the First Industrial Revolution also caos&d problems It rapidly

turned the previous social structure upside downalfew decades, the lives and habits of people
underwent dramatic changegactory workersvere calleduponto endure 16 to 17 hours of work in
unsafe places and poor hygienic conditions. Workplace injuries, accidents and even casualties were
frequent.Workers used to live in big overcrowded buildings in new boroughs. The appearance of these
boroughs is one of the most evident consequences of the social changes brought by the revolution. In
some of the earliest industrial cities in England, the houseéheworking class are still theteday.

The working class is only one of the new social groups that developed during the First Industrial
Revolution. Another major one is the-salled industrial bourgeoisie. The revolutiarosewith the
success a rise of bourgeois entrepreneurs. The social changes that occurred in those years also
affected the commorimageryarts and culture, such as the&ell-known body of work of Charles
Dickens.

The First Industrial Revolution introduced many useful innowatia the industrial sector and in the
economy, but at the same time it also raised outstandingtroversies In this period, the first trade
unions were created to guarantee the riglaed preserve the healtbf workers, who were asked to
endure inhumae conditions and unsafe environments.
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The revolution has also madéiage impact on the environment-or instance, the wings of peppered
moths range from white to black in England. It has been observed that the black ones mostly live in
industrialized regns, while the white ones are more present in the more rural countryside. This
pigmentation probably results from the soot deposited on the bark of birch trees during the years of
the IndustrialRevolution: close to the factories running on coal, thkite mothswere more exposed

to predatory birds than their black counterparts. This is a simple and clear example of how human
activities affect their ecosystems.

The First Industrial Revolution completely changed the world. Its inheritance has direatirect
bearing on the development of three more industrial revolutions.

The second Industrial Revolution

The Second Industrial Revolutioalso known as thdechnological Revolutipris generally dated
between 1870 and 1914. It mainly developed in thi€, Germany and the USA, but also Japan, Italy,
France and the Netherlands took pamtthis process. Some of the most characteristic innovations of
this period were thetelegraph the use of petroleum the internal combustion engineand the
beginning d electrification.

Historian and economist David Landes pointed out that the key feature of the Second Industrial
Revolution was a synergistic combination of new technologies, new materials, including alloys and
chemicals, and new communication technol@gech aghe telegraph, the radio and the telephone.

The second revolution was also characterized by the construction of railroads, a larger production of
iron and steel and a more extensive use of steam power. Policy analyst Vaclav Smil calledbthis per
The Age of Synergifor example, railways were a result of the synergy between iron, steel and coal.
Railwaysenabledthe transportation of materials and ergroducts, which in turn led to cheaper
tracks to build morerailway lines Railways also benefited from cheaper coal for their steam
locomotives. This synergy led to the construction of about 120,000 km of railways in the USA in the
1880s, which is record in world historylIn this period, stefgchange innovations and inventie
merged together to improve industrial productions and boost scientific, technological and economic
progress.

In the iron industry, in 1828, James Beaumont Neilson invented a new technology called hot blast,
whereby hot exhaust gases from a blast furnaoe reused to preheat the combustion air blown into

the stove. Hot blast was the single most important advance in fuel efficiency in the metallurgical
industry, as it significantly reduced fuel consumption for the production of cast iron, and was one of
the most important advances developed during thdustrial Revolution. Thedrop-in costs for the
production of wrought iron was key to the development of railways in the 1830s. With a significant
reduction of the costs for the production of cast irorthwcoke obtained by hot blast, the demand
grew to a considerable extent. At the same time, in the steel industry, Sir Henry Bessemer introduced
the Bessemer Process, which consistéthe removal of impurities from pig iron through oxidation

with air down through molten iron. This process allowed the mass production of steel.
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Figure 1: A picture of a Bessemer Converteriginal conent here). SourcePublic domairwork of art.

The availability of cheap steel enabled the construction of large bridges, railroads, shifzstind
even skyscrapers, a new type of ldinig that has continued to gain popularity ever since. From the
1860s, railroads could finally be made out of steel at a reasonable cost.

Thanks to the experiments and discoveriddichael Faraday, it was possible to wdectric power
asanenergy source. In 1881, Sir Joseph Swan developed incandescent light bulbs to illuminate the
Savoy Theatre in London. His light bulbs were also adopted in Newcastle in the first street lighting
installation in the world. In 1891, the first modern powertgta was completed. It provided 800
kilowatts in central London. Electrification is often regarded as the most important achievement of
20th century engineering. Electric lightidgmonstratedvarious advantagesver gas lighting, as it is

more efficient and secure and dissipates less heat.

In 1848, in Scotland, the first oil works started, thus openingpeoleum industry, which gained
more and more relevance through the years. Many derivatives were also produced out of petroleum,
such as keroseneyhich was used in citlighting before electrification, and gasoline, which was
however mostly unused until 1914, when the production of cars began to gain numerical importance.

In the first half of the 19th centurghemistrywas still in a primitive state. Sir William Henry Perkin
discovered that it was possible to produce a synthetic dye catladveinefrom aniline, and he
commercialized it. After his discovery, several aniline derivatives appeared. In 1914 the German
chemcal industry was predominant in the world.
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The firsttelegraph systemwas installed in London in 1837 by William Fothergill Cooke and Charles
Wheatstone. A rapid expansion of telegraph networks occurred over the century, with the first
submarine cablemade by John Watkins Bretbeing laidbetween France and England. The Atlantic
Telegraph Company was founded in London in 1856 to commit the creation of a commercial telegraph
cable across the Atlantic Ocean. Works were successfully completed aftediffaoufties on July 18,

1866 by the SS Great Eastern ship captained by Sir James Anderson. From 1850 to 1911, British
submarine cable systems dominated the world telegraph network. This was defined as a strategic goal,
which became known as the All Reddliln 1876, Alexander Graham Bell patented the telephone,
while in Italy, Guglielmo Marconi invented the radio towards the end of the century. Thanks to all
these innovations, the telecommunication system underwent a growth that was so rapid as to be
without precedent in the history of technology and engineering.

ey

4

Figure 2: Major telegraph lines in 189tr{ginal content herd. SourcePublic domairwork of art.

Other important inventions developed during the Second Industrial Revoliidadeautomobiles,
bicycles, synthetic rubbers, fertilizers, various enginestarbines.

The production model underwent important changes, especially due toalled Fordism often
defined as a model of economic expansion and technological progress bassssmproductioni.e.

the manufacture of standardized products in huge volumes using specialized machinery and unskilled
workers. It was conceptualized by Henry Ford, and the n&welismoriginates from the first
application of this paradigm in Ford car factories.
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Figure 3: Ford assembly linefiginal content herg. SourcePublic domairwork of art.

The periodfrom 1870 to 1890 saw the fastest rate of economic growth in history. Living standards
significantly improved in newly industrialized countries, as commodity prices dramatically fell as a
result of increased productivity. In turn, this also caused unenméit and major upheavals in trade

and industry, with many jobs replaced by machines, and many factories, ships and other forms of fixed
capital becoming obsoletgery quickly Governmental initiatives led to massii@provements in

public health and hgiene, such as the construction of the London sewage system in the 1860s and
the passage of laws regulating filtered water supplies. For instance, the Metropolis Water Act
introduced regulation of water supply companies in London, including minimum watelity
standards for the first timein 1852. This act greatly reduced the rate of infection and mortality
associatedvith a broad variety of diseases.

The third Industrial Revolution

TheThird Industrial Revolutiois significantly different from the previous one. It included processes

of transformation of the production of goods Since the midwentieth century, technological
innovation has triggered changes that have produced economic development and sociakprddpie
phenomenon, from around the end of the century, has spread to more countries, such as China and
India.

The causes that originated the revolution are the advanced scientific and technological knowledge,
which was often sponsored for military or dyaurposes, and the economic growth that followed the
Second World War.

In the years following the Second World War, the United States and the Soviet Union fought for
decades for primacy in space exploration. Initially, the Russians prevailed thanks #otiftoéal
satellite, Sputnik I, which was launched into orbit in 1957. In the same year, moreover, they sent the
first living being into space, i.e. a dog called Lajka. One year later, the Americans also launched their
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own satellite into orbit, but shdly afterwards, in 1961, the Soviets responded with the first human in
orbit, i.e. Soviet Air Forces pilot Yuri Gagarin. In 1969, the Americans sent the first crew onto the
Moon. In the following years, there have been enormous innovations in the aer@$ietdt. Since the
1970s, there has been a sharp increase in the launch of artificial satellites. One of the main purposes
of their implementation was the field of telecommunications, as well as meteorological and geological
surveys, but also military pugses. Other important applications developed after the Second World
War were radars and lasers.

The oil shock in 1973 was followed by technological innovations that, over the last decades of the
twentieth century, transformed daily lives in the wealthiesiuntries, through the production of
goods like televisions, disks, radios, calculators, computers and mobile phones, which did not only
change public relationships, but also domestic lifestyles. Research and development of new
technologies became an esg&t driver of economic growth.

The growth of telecommunications and informatics determined an abrupt decline of processes
centered on manpower. Human presence gradually began to fade both in the production of goods
and in the provision of services. Theoemous changes in the production processes that came with
the introduction of high technologies have made it possible to classify this phase as the Third Industrial
Revolution.

An important factor associatedith the third Industrial Revolution is aconstant development of
transport enabled by technological progress in the respective industrial sectors, such as the
automotive industry, aviation industry with the birth and development of civil aviation, naval industry,
as well as by the creation ofidreasingly advanced and capillary road systems. This widespread
network of transport will end up favouring international trade and fueling the phenomenon of
globalization.

From the early seventies, a new factory system, cafledtFordism began to gow. At first, it
appeared in the United States, and then in the rest of the world, as a significant step beyond the
assembly lines and the fragmentation of work that had found their most consistent and complete
example in Ford car factories. Pdg3trdisn entailed the advent of a myriad of smaller companies,
ranging from family laboratories to small higgch plants, embedded within a distributed
manufacturing network without a geographically recognizat@etrewithin a single factory or even a

city. Bven the larger industrial plants radically changed their internal structures, by automating and
modifying the previous chain processes.

Since the 1980s, a phenomenon of deindustrialization or the dawn of a new phase of socioeconomic
developmentbegan,cdled the Postindustrial Eréy sociologist Daniel Bell. This era is dominated by
new information processing technologies with deep effects on the organization and quality of work in
a large number of production processes, whigas met withdefensive #itudes, especially in the
countries ofolder industrialization. Outsourcing and other services began to prevail over agriculture
and industry, both in terms of number of employees and contribution to the GDP. This phase also laid
the foundation for theso-called digital revolution by the development of technologies like informatics,
electronics, telematics, telecommunications and multimedia.
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In many types of devices, ranging from cars to washing machines, industrial robots or agricultural
greenhouses, mroprocessors made their appearance to perform -prdered repetitive tasks
according to rules dictated through a computer programming language. Thirel Industrial
Revolution is marked by the advent and diffusion of digital electronics with thenition of solid state
transistors that gradually replaced analogic systems.

The disciplines of Information and Communication Technology (ICT) have contributed and will
continue to contribute to the technological evolution as well as the radical chantde ilifestyle of
people facing the scalledNew EconomyDuring the Third Industrial Revolution, they reached a size
comparable to those of other key sectors of modern economy, such as the mechanical, chemical,
pharmaceutical, textile, manufacturing andrafood sectors.

The process of industrialization brought a large use of coal, oil and gas for energetic purposes during
the 19th and 20th centuries, which has been established to be the main cause of atmospheric
pollution and climate change. This iseoof the main problems letbehind forcontemporary society.

The United Nations defined th&reen Economgs a sustainable paradigm of economic growth
promoting the use of renewable energy, and the implementation of concepts of circular economy,
ecosysten preservation, forestation and organic farming.

Environment
Air, Land, Water,

Energy..
~{ Sustainability \
[ Soctety Economy
| Health & Safety, ‘
' Education, ~- -~ Job, Income,

\@nmes/ \\\tmsiess/"

Figure 1: The three main concepts of the Green Economy. So@€eB¥SAby INDEX consortium

The Third Industrial Revolution has also made a strong impact on culture and society. Globalization is
a new concept that will continue to be important in the future. It indicates the interconnection of
countries in the world and the new global economicdab Radios and televisions became more and
more widespread among almost every social class across the wealthiest countries. Television
broadcasters in particular, starting from the 80s, strongly influerpesaple's liveslt is estimated that

the avera@ time that an American adult spends watching television programmes is approximately
four and a halhoursa day. Later, the diffusion of personal computers and the Internet made an even
greater impact on lifestyles and social interactions.
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Key Feature®f the Fourth Industrial Revolution
Introduction

The First Industrial Revolution introduced the mechanization of production by using water and steam
power. The Second Industrial Revolution was the realm of mass production through the advent of
electric pwer. The Third Industrial Revolution used electronics and information technologies in order
to automate production. The Fourth Industrial Revolution is building on the third one right now, and
it consistsof the smart and interconnected automation ofamlitional manufacturing and industrial
practices. Its main feature is the synergistic combination of different technologies that are gradually
fusing three spheres, i.e. the physical, the biological and the digital. One of the key principles of the
FourthIndustrial Revolution is intezonnectivity, whereby machines, devices, sensors, actuators and
people share the possibility to communicate with each other on a global scale. When compared to the
previous revolutions, the fourth one seems to be evolving &ister pace. Its effects alreadypact
uponevery industry worldwide, while the others affected a smaller group of countries and sectors.

In 2005, Professor Detlef Zuehlke underlined the importance of the concept of Lean Technologies, i.e.
the producion method implemented by Toyota in order to minimize waste, as a tool to integrate
smart devices, in order to boost production efficiency.

The possibilities generated by billions of people connected via mobile devices with unprecedented
processing powelstorage capacity and access to knowledge, are unlimited. Emerging technological
innovations in flourishing disciplines like Artificial Intelligence, Robotics, Internet of Things,
simulations,additive manufacturing, materials science, global storage godntum calculus are
multiplying the opportunities for growth. For instance, Atrtificial Intelligence (Al) is already pervading
the world around us with autonomous and unmanned vehicles like drones or with virtual assistants.
Al hasdemonstratedimpressve opportunities over recent years.

Like the previous revolutions, the Fourth Industrial Revolution holds the potential to increase the
global level of incomes and improve the quality of life of people around the world. Until recent years,
its mostvisible outcomes have modified the lifestyle of those consumers who have been able to afford
and access the digital world, and to benefit from a large variety of new products and services like
calling a taxi, booking a flight, buying consumables, makiggpats or listening to music with the
touch of a smartphone. However, this revolution will be more pervasive than anything we have ever
seen in history: smart systems like houses, cars, factories, etc. will help face critical challenges
including e.g. climte change.

This revolution will lead to lonagerm benefits in terms of efficiency and production. Costs for
transportation and communication will decrease and exert direct effects on markets and trade. At the
same time, the revolution threatens to prodeigreater inequalities, and in particular to overwhelm

the labourmarket. As automation may make its way across the whole economy, the net replacement
of manpower by machines may widen the gap between those who live on return on capital and those
who neal return on work. On the other hand, it may also happen that the empowerment of workers
with more technology, such as-salled cobots, may resuith safer and more rewarding jobs.
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Thus far, the demand for highly skilled workers has been increasintg, thkidemand for workers

with lower education and skills has been decreasing. The result is a job market focusing on the highest
levels. This helps explain why so many workers feel disillusioned and worried for their future. It also
helps understand why rddle classes around the world are developing a more and more pervasive
sense of dissatisfaction and injustice towards the Fourth Industrial Revolution. With the introduction
of the Internet of Things (IoT), assembly lines will no longer need the contiibof workers in
mechanical operations, but only for setting hitggth machinery and solving complex problems.
Advanced robots will be able to perform activities closer and closer to humancskilisaredto the
machinesf the past and will also pegtrate services where automation has made a minor impact to
date. Production will be managed through virtual representations, and will undergo remote control
from e.g. a personal computer or even a smartphone. Thanks to webcams and sensors, it will be
possble to remotely identify and solve all sorts of problems.

The present debate on the new transformations is polarized between those who expect endless bright
opportunities and those who foresee massive losses of jobs. Indeed, the reality is highlyg spéoéi
industry, region and occupation of interest. Then, the real problem is how business, government and
people are going to react to these changes. In order to mitigate the risk of mass unemployment and
consequent problems, reskilling and upskillingworkers is fundamental. 3D printing, resource
efficient and sustainable production and robotics are strong drivers of employment growth in the field
of engineering. Automation processes are designed and controlled by engineers, and so a highly skilled
workforce has become a precondition fibve successful implementation of these innovations.

There are four main effects that the Fourth Industrial Revolution is exerting on business, customer
expectations, product improvement, collaboration, innovatiemd organizational forms. Customers

are increasingly at thepicentre of the economy which stimulates continuous improvements in
customer services. Physical products and customer services ever more routinely include digital
features that increase thevalue. New technologies are callgpgonto make assets more durable and
resilient, while data and their analysis are transforming tHé& cycles Meanwhile, a world of
customer experiences based on data, services and asset performance managemeghtanalytical
methods requires new ways of collaboration, also dughtincredible current pace of technological
progress.

The transition from the simple digitalization seen in the Third Industrial Revolution to the synergistic
combination of techologies proper to the Fourth Industrial Revolution is urging all companies to re
examine the way they do business. The bottom line, however, is the same: business leaders and
managers need to understand their changing environment, challenge their opeahtinodels and
continuously innovate.

While the physical, digital and biological worlds continue to converge, new technologies and platforms
will allow citizens to interact, express their views and coordinate their efforts. At the same time,
governments Wl gain new technological tools to increase their control over populations, based on
pervasive surveillance systems and the ability to oversee the digital infrastructures. Governments will
face increasing pressure to change their current approach to pebljagement, by a redistribution

and decentralization of power made possible by new technologies.
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Ultimately, the ability of ruling classes and public authorities to adapt to the new situation will
determine their survival. If thegan prove they have he ability to embrace a world of disruptive
changes, by subjecting their structures to a level of transparency and efficiency showcasing their
competitive advantage, they will probal#yndure for a significant time.

Key Concepts of Industry 4.0

The concept oSmart Factoryncludes three major different parts:

Smart Productiong new technologies that allow the operators, the machines and the
various instruments to cooperate;

Smart Service the Information Technology infrastructure;

Smart Energy, the choice of green renewable energy sources.

)

Smart Factory

H

=

Smart Service Smart Energy
N4

/l\
Smart

Production
N4

(

Figure 1:The three components of a Smart Factory. Sour€& B¥SAby INDEX consortium.

A smart factory provides adaptive solutions to solve production problenm=impbining KETs (Key
Enabling Technologies) like RFID (R&démuency IDentification), 3D Printing, IoT (Internet of Things)
and ubicomp (ubiquitous computing). These technologigsergize to accelerate the innovation
process and helptore and elaborate large and heterogeneous amountdaté.

CPS (Cybdrhysical Systems) are there to monitor physical processes and make decentralized
decisions, byommunicating with each other andcooperating with humans, if needed.
Cloud Manufacturingstands for the possibilitto access broad range of resources related to
production in a way that is widespread, easy, selective, distributed andeorand. Cloud
Manufacturing therefore representsn extension of the applications of cloud computing to the world
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of physical manufacturing, both with regard to the factory and the entire supply chain, as well as the
ability to makeall resources needed f@roductionto be virtualizable, bookable andnodemand.

3D Printingis fundamentato Industry 4.0. It is a versatile technolotpat is becoming more and more
feasibleto realize small and complex parts and simplify the process of product design. Because of all
its benefits, 3D Printing is gainingcirasing importance inside Smart Factories in many different
industrial sectors.
Smart sensorgre devices that generate data and enable further functionalities, fromnsetfitoring

and selfconfiguration to conditiormonitoring of complex processes. Tlkanto the possibility of
wireless communication, the installation of dense arrays of smart sensors is becoming more and more
seamless.

loT(Internet of Things) involves smart devices combining sensors and actuators
with functionalitiesrelated to localizabn, identification, diagnosis, collection, elaboration and
communication of data. Thanks to Smart Sensors and loT, Industry 4.0 is providing
suchbenefitsasPredictive maintenange.e. the ability to identifyssues related to the conditions of
facilitiesin real time.
Advanced HumasMachine Interfacess another characteristitrait of Industry 4.0t refers to the
interactions between humans and machines. The first example of these smart interfaces is touch
displays, whiclhave becomaeubiquitous in may deviceslLatest innovationn this sectoihas led

to new tools like Augmented Reality Simulators and wearables.

Entrepreneurship, Technology and Restructuring ManagemenT (M)
Introduction to entrepreneurship
Who is an entrepreneur?

THE WORLD EBS DREAMERS AND THE WORLD NEEDS DOERS. BUT ABOVE ALL, THE WORLD
NEEDS DREAMERS WHO DO.

Sarah Ban Breathnach, Simple Abundance: A Daybook Of Comfort , And Joy

Who is an entrepreneur?

Althoughterms like entrepreneur or entrepreneurshipe in commorusage the meaning of these

two wordsactuallyR A F F SNJ Ay LIS 2 LI S Q Sometimygdradedlightlyf odheriimeda OA Sy (i A &
significantly divergent perspectives on these expressions. This results from the fact that many

scientific discipf S& RS f GAGK LIS2L) SQa SO02y2YAO | OGA DA
psychology, administration etc.

Economist say [Hébert, Link, 1988]:
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Anentrepreneur is the person who assumes the risk associated with uncertainty.
Anentrepreneur is the person whaipplies financial capital.
Anentrepreneur is an innovator.

Anentrepreneur is a decision maker.

Anentrepreneur is an industrial leader.

Anentrepreneur is a manager or superintendent.

Anentrepreneur is an organizer and coordinator of econoragources.
Anentrepreneur is the owner of an enterprise.

Anentrepreneur is an employer of factors of production.
Anentrepreneur is a contractor.

Anentrepreneur is an arbitrageur.

Anentrepreneur is an allocator of resources among alternatises.

The above listed notions reflect the variety of points of view and complexity of the phenomenon.
Some of the statements reveal the dynamic nature of an entrepreneushidereates or reveals new
opportunities,makesdecisions on the usage ofsources, organizes and manages the undertaking,
takesrisksrelated to the possibilityof failure. In common language, entrepreneurship refers to the
activity of a person who enters into something, undertakes action, ventures. This s@&na person

has a veryarticularpersonality. Entrepreneurs can be characterized by [ScHRuttermund, 2004]:

High extraversion

Low neuroticism

Figure 1: Entrepreneurs characteristics. Source: SchiRdtlermund E., Pathways to successful entrepreneurship:
Parenting, personality, early entre@y SdzNA I £ O02YLISGESyO0Ss IyR AyiSNBaidaz awzdzNyI
Issue 3, December 2004, p. 4988.

These qualities allow people to struggle with risk of failure, fear of the unknown, be persuasive, set
goals and respond to opportunities create new ones.

Some entrepreneurs decide to establish business with friends. This means trust, ability to cooperate,
share duties and responsibilities. Becoming an employer is challenging too, an entrepreneur must be
able to delegate tasks, motivammployeestherefore also possess leadership competences.

Exercise

An entrepreneur is a person who:
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Follows old existing pathways

Is an opportunist and creative risaker

Is oriented to be sel§ufficient

Is very conservative in taking actigmefers to be 100% sure Wier decision is risitree

Sources of starup ideas

When consideringunning their ownbusiness, people usually state that there has to be a good idea
to do so. Where do those ideas for business come from? There can basvadurces: [Longenecker
et al, 2012]:

Figure 1: Sources of business ideas. Soutogigenecker J. G., J. Petty W., Palich L. E., Hoy F., Small Business
Management: Launching and Growing Entrepreneurial Ventures, Cengage Learning, 2012.

A verycommonsource is personal experience. Everyday life, both personal and professional can result
in ideas for a new venture. Our activity brings us observations of products or processes which can be
modified in order to better satisfy our needs or needs of a bessnproprietor (e.g. lowering costs).

Our personal interests may lead ts combininghem with our professional life A hobbyis usually
accompanied by consumption of specific goods, which means that we ourselves can provide such
services or sell fated products.

Sometimes very specific circumstances occur and one can experience serendipity. Development of
some fortunate events turn out to be beneficial in terms of new company creation. Startupatieas
appear through a purposeful exploratioh.is beneficial to search for ideaslated trade shows
activities undertaken by friends or relatives, cooperants or competitors. There are also many Internet
sourceswhich can helgind an idea for a new business.

The real story about how Airbnb as founded- Nathan Blecharczyk Gimunder Airbnb- Startup
Success
https://youtu.be/M6GBqggk2mY4
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The REAL Airbnb
Startup Story

Nathan Blecharczyk

CTO & Co-founder Airbnb

”
-

[
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Disclaimer: This is an embedded video originally posted on YouTube and complying with Standard Vicemséelf you
want to re-use it, you should check the video owner's copyright terms and conditions before use.

Small business ownership opportunities

Every business begins with an idea. Great businesses begin with great ideas. To become an
entrepreneur,it nonetheless does not mean you havedstablish a genuineew enterprise. There
are various methods of owning a business.

[ I dzy OK A givA buginésS fédrom the beginning is related tihe autonomic development of a
personas anentrepreneu. Such a persogreates a novel business and takes responsibility to seize

the opportunities and minimize threats in order to develop the business project. This is for sure the
most creative and most challenging path but also extremely satisfactory whemessful.

There is alsthe possibility of launching a new business with relatiomib@xisting business network.

An example can be establishing the business idea on the basis of franchisifrgnichéing system

the enterprise owning the gant-right (franchiser) assigns the right to produce/sell a certain product

or service within the settled knowow, standards and commercial technigues and routines to another
company (franchisee). In return, the franchisee guarantees to pay to the femndhie franchise fee

and usually a certain percentage the sales proceeds which was determined in the agreement.

CNl yOKAAAY3I A& | 3IA22R ARSI ¢gKSy @2dz R2y Qi KI @S
your mind, but you are unsure about tlopportunities it creates. The main advantage of franchising

is the already established image of the franchiser, verified business model \whithated to lower

risk. There are also othéenefitsof running one'sowrd dza Ay Saa 2y (GKS ol ara 27
know-how, like licensing, dealership, agency system or acquisition.
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Some entrepreneurs join or inherit tHamily business Although the majority of such businesses are
identified with small and medium sized cpanies, there are also big players in the market. The
specificity of these entities lies in the family structure of the ownership, strategic control held by
family, family member@engagement in management processes and more than one generation
involvedin the functioning of the business [Sulkowski 2011].

Some people are somehow forced to run their own business because of the nature of the relation of
their professiong eg. freelancers from the creative industry but also people who cooperate with
companies unwilling to give a stable job.

Some entrepreneurs can also decidebiogy sharesin an existing company or buy the business as a
whole. It would be wiser to buy the assets grdg the business which is for sale may not be doing
well, although tle reasons why a business is for sales can be as follows [Longenecker, 2009]:

Old age or illness of the owner.

Desire to relocate to another place of living.
Opportunity to start another business.

Decision to accept a position with another company.
Unprofitability of the business.

Discontinuance of an exclusive sales franchise.
Maturation of the industry and lack of growth potential.

Each path leading to running a business includes risk which has to be evaluated before.

Exercise
Which approacttan oneuse to become a business owner when not having a genuine new idea for
business?

Buy shares in an existing company

Inherit a family business

Launch a business within a franchise network

Each of the presented possibilities can be taken intcsm@ration

Innovation management; basic concepts
The definition of innovation

The notion of innovation was introduced to economic sciences by J.A. Schumpeter at the beginning of
the previous century. According to this author, one should understandvation as:

The introduction of a new or improved product;
The introduction of a new or improved method of production;
The creation of a new market;
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