O6paszosanue, nayunu uzciedsanus u unosayuu ~ Vol. 11, Issue 2, 2024 ~ Education, Scientific Research and ...

OBIIIECTBEHU KOMYHUKAIIHHU U HHDOOPMAILTUOHHH HAYKH
PUBLIC COMMUNICATIONS AND INFORMATION SCIENCES

FROM INDUSTRY 4.0 TO THE SMART FACTORY:
INFORMATION MANAGEMENT
IN THE GERMAN AUTOMOTIVE INDUSTRY

Ali-Elias, Al-Hamami
University of Library Studies and Information Technologies

Abstract: This article deals with innovative concepts in the German car industry that range from the
Industry 4.0 or 1loT (Industrial internet of Things) approach to all kinds of data generation projects
or 360° network solutions. Implementing these initiatives, most manufacturers aim to develop a
“smart factory” where an integrated system network is to synchronize the gathering, transmission,
evaluation and visualization of data in such a way that decision makers benefit from their instant
and convenient availability. Examples of practical applications are given, taken from the factories
of leading car manufacturers, particularly from a press shop which is the facility where sheet metal
is shaped into components that eventually form the car bodies. In all of the rendered cases, an
integrated system network which is the prerequisite for the development of a smart factory
safeguards permanent availability of the provided data that ideally are stored in a computer cloud
and facilitate both, machine-to-machine and man-machine communication. Lately, the industry has
explored ways of how to significantly accelerate data transmission, evaluation and visualization
with the help of 5G technology.
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INTRODUCTION

The concept of Industry 4.0 which represents the current top complexity level of the economic
and technological development is also called the “fourth industrial revolution”. According to
Wikipedia, it is defined as “[...] how the global production and supply network operates through
ongoing automation of traditional manufacturing and industrial practices, using modern smart
technology, large-scale machine-to-machine communication (M2M), and the Internet of things
(1oT). This integration results in [...] improving communication and self-monitoring, and the use of
smart machines that can analyze and diagnose issues without the need for human intervention”
(‘Fourth Industrial Revolution’ n.d.). So Industry 4.0 is based on CPS (cyber-physical systems)
which combine real (physical) objects with information-processing virtual objects and processes that
are linked via an open, partly global, always active and “communicating” information network.
Industry 4.0 concepts offer great opportunities of organizing and controlling the value-creation chain
that encompasses the entire life cycle of products. In turn, every information linked with this life
cycle, which extends from the idea, the order, the production, the delivery of the product to the end
user on to the final stage, the recycling of the product, can be stored in a well-connected system and
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therefore can be fed back into the process at any time. If this happens in real time, facilitated by the
introduction of 5G technology, an ideal value creation flow can be realized.

Scientific sources confirm this interdependence. “By connecting people, objects and systems,
real-time optimized, self-organizing and cross-company networks are developing, which can be
further optimized according to various criteria such as costs, availability and resource consumption”
(BITKOM e.V., VDMA e.V., ZVEI e.V. 2015). Within the 10T, the exchange of data is part of the
desired automation that leads to higher efficiency, improves the flow of information and allows real-
time reactions to change which is important in the case of imminent danger. This system that is based
on the wireless connection of individual machines is also known as “smart factory”.

For transmitting the generated data, manufacturers today strive to use the latest generation of
mobile communications which is the 5G (“Fifth Generation™) telecommunication standard. It
convinces with a low latency period (only around twelve milliseconds go by before response to any
dangerous situation sets in), velocity (download rates of one to ten Gigabytes per second), reliability
(only one out of ten million data packages causes transmission problems), and energy efficiency.
Thus, 5G technology comes close to the theoretically possible optimum per transmitted Bit and
therefore creates perfect conditions for the development of smart factories.

In the German automotive industry, there are many examples of how Industry 4.0 concepts are
being upgraded with 5G-backed networks, with the goal of creating a smart factory. These concepts
shall be at the center of the following analyses.

RESEARCH METHODOLOGY

This article mainly relies on qualitative evaluation methods based on academic reading, study of
sources, logical thinking and descriptive project analyses. In the framework of his research, the
author had the opportunity to scientifically accompany Industry 4.0 concepts initiated in the press
shop of a renowned German automotive manufacturer. From the professional position that the author
currently holds at an international diversified industrial corporation headquartered in Finland, he has
moreover gained experience with telecommunication technology and system network building. With
these assets in the background, it was easy to him to focus on the two main aspects of his academic
aspirations, namely the variety of organizational structures that have proved to be successful in the
respective industry branches, and information management with the help of technical solutions.

RESULTS

STATE OF DEVELOPMENT: At the beginning of the new millennium, the German car industry
was still underdeveloped in regard to the degree of automation in their facilities, since ... manual
work still plays a major role in three quarters of the researched companies and production is either
based on it or strongly depends from it in a hybrid system. Less than a quarter of the researched
productions are fully or highly automated.” (Spath ed. 2013) Certainly the industry now, more than
ten years after this eye-opening publication, has made considerable progress in that respect, but the
statement shows that the enormous potential of Industry 4.0 concepts has still not been entirely
exhausted, although 10T promises to facilitate constant communication between machines, operating
equipment and storage sites. And because the industry-related variant “Industrial Internet of Things”
(1loT), in contrast to the more consumer-oriented 10T, requires more sophisticated solutions
regarding bandwidths, reliability and latency periods, only the introduction of 5G technology will
promote innovation and will take the production process of German car manufacturers to the next
level.

EXPECTED BENEFITS: Thanks to the wireless machine-to-machine communication, which
will be significantly accelerated with the help of the latest generation of mobile communications,

25



Ali-Elias, Al-Hamami

flexible production chains are created that will eventually lead to the smart factory. In addition, 5G-
optimized machine installations allow operators to perform predictive maintenance, for instance with
the help of terminal devices on which the evaluated data can effortlessly be visualized. 5G can also
significantly improve collaboration between humans and machines. For instance, collaborative
machines such as sensitive robots, can assist workers in production, thus combining the advantages
of robotics with those of human work. 5G supports this process by transmitting transaction data in
real time which allows the parallel processing of a workpiece by man and machine. Last but not
least, 5G makes sense in tactile robotics where the new technology not only facilitates the sharing
of information, gathered by one robot, with a great number of other robots, but also allows cloud-
based collective machine learning on the base of the huge data rates that can be transmitted with the
help of 5G. Machine learning enables robots to swiftly adapt to complex motion patterns so that they
can be deployed flexibly and independently due to the accelerated installation process.

EXAMPLE OF AN INDIVIDUAL APPLICATION: A typical loT application is digital material
parameter measuring in an automotive press shop. It not only follows the car manufacturers’ “big
data strategy” and pursues the goals of optimizing the data flow and of creating larger data pools,
but also most probably holds the greatest potential for a later upgrade with 5G technology. Currently,
particularly roughness measurement is performed inline during a machine stoppage or via sample
collection at the front end of the coil (offline measurement). A surface profiler and some static optical
systems help the operator to decide which areas are acceptable and which sheet metal parts have to
be reworked. In the future, inline measurement via sensor will make the quality of the raw material
transparent, as soon as it is inserted into the pressing machine, and at the same time it will facilitate
the targeted control of the pressing process. Eventually, the method will even allow consistent
enforcement of quality standards on the side of suppliers and will also guarantee complete
traceability of the processed material (“coil tracking”), particularly in regard of roughness and basic
lubrication. Therefore, the manufactured sheet metal parts are equipped with a data matrix code that
runs through the entire coil and is registered on the automotive company’s server system, clearly
identifying both the components and the original coils.
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Fig. 1. Schematic illustration of a sheet metal press that delivers data to the
data pool in “The Cloud” which in turn will feed the integrated system network with vital information. (Own graphic).
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SMART FACTORY LIGHTHOUSE PROJECT: Under the name of “Factory 56, German car
manufacturer Mercedes-Benz has developed a digital model factory in which the smart factory
concept has turned into reality. “360-degree networking — from the supplier to the customer”
(Mercedes-Benz Group AG 2023) is their motto which also reveals that the automotive company’s
vision of connectivity goes far beyond the conventional IloT idea: “[...] networking not only
happens inside the factory. A significant feature of ‘Factory 56’ is the all-round networking across
the entire value-added chain — from development and design to suppliers, production and customers.
In coordination with our suppliers, we use the benefits of tracking and tracing, for example, which
allows load carriers to be traced digitally around the world [...and] enables early detection of
discrepancies in the supply chain and thus a quicker reaction time. For [...] production, 360-degree
networking means quick and transparent communication across all units. Digital tools are used for
development and production, for example, production processes are visualized and optimized by
‘Virtual Reality" [...] before a real production hall comes into existence. For example, the
workstations and processes can be virtually tested and designed ergonomically.” (Mercedes-Benz
Group AG 2023)

TOTAL CONNECTIVITY: In 2020, Jiirgen Prokop, CEO of Trumpf, a leading German
manufacturer of machine tools stated in regard to sheet metal manufacturers wanting to promote
digitization: “[...] connecting production processes and machines in a network will be the decisive
competitive edge.” (Miicke 2020) Therefore, the implementation of an integrated system network
which comprises the consecutive steps planning, realization, validation is indispensable for the
optimization of the information management in large corporations. 5G offers a high data
transmission rate and excels with a low latency period and high reliability which make the difference
considering the press shop requirements. The installation of 5G base stations and the configuration
of the network architecture facilitate wireless communication between various machines, devices
and systems in the press shop so that real-time monitoring, control and optimization of production
processes will be possible. During the implementation phase, IT experts, network technicians and
other relevant specialists should co-operate, painstakingly adhering to security standards and data
protection rules, in order not to jeopardize the integrity and confidentiality of the data.

“AI” BOOSTS INNOVATION EVEN MORE: For some time already, artificial intelligence (AI)
has been used as the “hidden tool” behind algorithms, which in turn facilitate data evaluation and
visualization, both being characteristics of an integrated system network. Therefore, the automotive
industry relies on Al as well, since it improves data evaluation and availability and thus provides
many opportunities of optimizing production processes. German car manufacturer BMW, for
instance, more and more uses Al applications since they, according to Robert Engelhorn, Director
of their BMW Group Plant Munich, think that it “[...] is fast, reliable and easy to integrate into the
various production processes and, coupled with smart data analytics and cutting-edge measurement
technologies, [...] opens up new opportunities for more efficient vehicle production.” (BMW AG
2020) For BMW, as with any innovation, the key factor is not only effectiveness, the car
manufacturer also entrusts to their employees the assessment of the new tools’ value, as plant
director Engelhorn explains: “At Plant Munich, it takes about 30 hours to manufacture a vehicle.
During that time, each car we make generates massive amounts of data. With the help of artificial
intelligence [...], we can use this data to manage and analyze our production intelligently. Al is
helping us to streamline our manufacturing even further and ensure premium quality for every
customer. [...] It also saves our employees from having to do monotonous, repetitive tasks. Our team
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in production are highly experienced specialists, so they are the best judges of whether an Al
application can boost quality and efficiency at any given stage of production.” (BMW AG 2020)

CONCLUSION

The technology-based concepts of 11oT and 5G, particularly when organized in system networks,
can positively impact production processes, value creation, information management, and the world
of work in general. The advantages that the German automotive industry can expect from their
implementation are obvious, as it will result in significantly improved transmission, evaluation,
visualization, and availability of data all of which will make the lives of decision makers easier,
especially when the information can be provided in real time. The backbone of this venture is a
system network that has to integrate 5G technology which excels with the ability to transmit
extremely high data rates and moreover with its low latency period and low failure rate. When
planned carefully, such an integrated system network is easily scalable so that it can be extended to
become the backbone of a smart factory.
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OT UHAYCTPUSA 4.0 KbM UHTEJIMT'EHTHATA ®ABPUKA: YIIPABJIEHUE
HA HHOOPMAIUATA BI'EPMAHCKATA ABTOMOBWIHA HHAYCTPUA

Pe3ome: B maszu cmamusi ce pazenexcoam UHOBAMUSHUME KOHYENYUU 6 2epPMAHCKama
a8momMooOuUnHa uHoycmpus, koumo sapupam om nooxooa Unoycmpus 4.0 unu lloT (Muoycmpuanen
uHmepHem Ha Hewyama) 00 CUUKU 8UO08E NPOEKMU 3a 2eHepupane Ha oannu uau 360° mpecosu
pewenus. Ipunaeatixu mesu UHUYUAMUBY, HOBEUEMO NPOU3BOOUMENU Ce CMPeMam 0a pazpabomsam
,, UHmMenueeHmua abpuka“, 8 Kosmo uHmMe2pupana CUCMeMHA Mpexca mpsoéa 0a CUHXPOHUSUPA
cvOUparemo, npeoasanemo, OYeHKama U 6U3yalu3ayusma Ha OAHHU NO MAKb8 HAYUH, Ye
e3emawyume peuleHus 0a ce 8b3N0JI36am Om MAXHAmMa He3abasHa u yOooHa HantuuHocm. /ladenu ca
npumepu 3a NPAKmudecku NPUNONCEeHUs, 83emu Om 3d800ume Ha 600euwju Npou3sooument Ha
ABMOMOOUNU, NO-CREYUATIHO O NPEeCOBLHUEH YeX, KOUMO € CbOPbAHCEHUENO, KbOemo JUCTO8UIN
Meman ce 0ogopmsa 6 KOMNOHEHmU, KOUMO 6 KpauHa CcMemKa Gopmupam kapocepuume Ha
asmomoounume. Bve scuuxu npedcmasenu ciyuau uHmespupanama CUCMeMHa Mpexcd, KOsmo e
npeonocmaska 3a paspabomeanemo HA UHMeNUeeHmHa Gadbpuxa, 2apaHmupa noCMOSHHA
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Paszsumue na enexmpon From industry 4.0 to the smart factory: Information

HAIUYHOCM HA npedocmasenume OAHHU, KOUMO 8 UOeANHUs CLYYAll ce CbXPAHABAM 8 KOMNIOMbPEH
001aK U YNecHABAm KOMYHUKAYUAMA Mmedcoy MawuHume u mexcoy xopama. Hanocneovk
NPOMUWLTIEHOCINIING NPOYYE8A HAYUHU 34 3HAYUMETHO YCKOpABAHe HA npedasanemo, oyeHkama u
8UZYaNU3AYUAMA HA OAHHU ¢ nomowima Ha mexnono2usma 5G.

Kniouoeu oymu: asmomodounna unoycmpus, loT, uzepadxcoamne na mpedicu, ynpasienue HA
ungopmayusma, 5G
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