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Abstract: Digitization and the technologies provided by the Industry 4.0 strategy has
changed the manufacturing industry significantly. This implies that stakeholders —
universities, students, industrial partners — need to acquire new competences. In order to
meet these needs the University of Pannonia Nagykanizsa Campus started to establish a
fully automatized industrial laboratory. In this paper the architecture of the Industry 4.0
laboratory is presented.
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1 Introduction

Digitization, the deployment of information technology and automation have great
impact in manufacturing industry and manufacturing companies. The operation of
manufacturing companies has changed significantly, it is switched from mass
production to customized products and production. Industry 4.0 strategy includes
several key technologies to digitize production flow or even the whole supply
chain. The University of Pannonia Nagykanizsa Campus is establishing an
Industry 4.0 laboratory. The goal of the laboratory is to cover most areas of
factory digitalization.

Not only the production but the entire supply chain, i.e. from acquisition to
customer services, will be modelled in the laboratory. It requires the integration of
different research areas and technologies e.g. adaptive systems, data mining,
machine learning, optimization, protocol technology, sensor and computer
networks. These key technologies may provide to model the main elements of the
fully automated industrial processes that leads to efficiency gains and allows to
produce highly customized product at small lot size.
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In this paper the idea and the structure of the laboratory is introduced. The paper is
organized as follows. Section 2 describes Industry 4.0 concept. In Section 3
problem statement is presented. Section 4 presents the proposed system plan of the
laboratory. Section 5 concludes the paper and suggests ideas for future work.

2 Industry 4.0 and learning factories

The innovation of technologies in industrial production leads the German
government to start to promote the computerization of manufacturing the so-called
fourth industrial revolution (Industry 4.0). This concept and the advancement of
information technology strengthen each other. The continuous development of
Cyber-Physical Systems (CPS), Internet of Things (IoT), Internet of Services
(IoS), robotics, cloud- and cognitive computing, big data and augmented reality
(AR) results significant change in production systems [1,2]. The Industry 4.0 term
is specific mainly in Europe but the computerization of manufacturing system are
not only restricted to the EU. In China the “Made-in-China 2025 concept, based
on modern IT [3], is introduced to increase the efficiency and competitiveness of
the production industry [4-6]. In the US, the “reindustrialization” of the
manufacturing industry has started to reinvigorate it. Japan has introduced the
“New Robot Strategy” to became the center of development and production of
cooperative robots. Moreover, there are different strategies of different countries
(e.g. France - New Industrial France, UK - high-value manufacturing, South
Korea - advanced innovators’ strategy) but all of them based on the same goals
[7]. All aforementioned strategies try to integrated the supply chains and the
production systems which can help to make fully customized products [8].

All manufacturing firms should be prepared for the changes of Industry 4.0 taking
into account the technology and the human perspectives. Most models are mainly
focused on technology part [9-11] but the human operators also are important part
of a manufacturing system [12-15]. With the newest IoT devices there is a chance
to design machines which can replace human minds [16]. A research in US shows
that about 47% of all employment will be at a risk of
automatization/computerization by 2030 [17].

The Industry 4.0 is a widely researched area, systematic literature reviews are
frequently published [4,18-20]. There are numerous learning factories which have
focus on Industry 4.0. They look differently, they are used for different purpose
and demonstrate different implementation aspects [21-25]. Some reviews
represent the existing approaches of learning factories which are available in
academia or in industry [26-29].
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3 Problem statement

Nowadays, the technology changes too fast in our environment. Naturally, this
process has advantages and disadvantage too. The complexity and the capability
of these systems stand on incredible level. The knowledge that needs to create,
update or operate these kinds of solution is also high. The fact is, the humanity has
a big chance with this to do something really good. Probably, this will bring
essential changes in all areas of our lives. But we can only use this opportunity if
we can prepare ourselves in time.

Our goal is to create a multipurpose laboratory in the area of Industry 4.0. This
solution will be able to use in the followings:

The infrastructure of the laboratory will support the teaching of modern
industrial processes. The students can learn about the structure and the
interoperation of this modular architecture i.e. students can learn the
functions, working flows and the place of the main units / components /
elements / entities of the industry 4.0. In addition, they can understand
the whole system and the relationship between each unit. Another very
important goal is to maintain the motivation of students and their
possibility to develop new capabilities of the system.

The laboratory may serve as an infrastructural basis for useful industrial
researches, which in the future can contribute to the development of the
industry's 4.0 concept and its newer versions.

It can become a cooperation and collaboration environment between the
university and the industrial partners. The laboratory can demonstrate the
possibilities of this new technology in practice. Moreover this
environment makes it possible on the one hand to introduce and on the
other hand to develop and test new technologies before industrial
deployment.

An important design aspect is to develop the laboratory with modular structure.
This property is important in many cases. One from these is that the capabilities of
the laboratory can be expanded or modified with the help of minor improvements.
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4 System plan

Our system will include all main components of a modern, fully automated
industrial solution. This is necessary to reach the multipurpose operational area.
Note that we want to model this process from the ordering of a customized
product - through the production - to the customer’s service. This activity requires
coordinated work of numerous research areas. There are some dominant areas as
example adaptive systems, data mining, machine learning, optimization, protocol
technology, and sensor and computer networks. Figure 1 shows the logical
structure of the system, where the tasks of each element are the followings:
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Figure 1

The logical structure of the system
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e Customer: This entity indicates the manufacturing process. Note that this
means the factory will only produce the ordered products.

e  Webshop: The customer can manage (buy, modify, get information)
his/her order with the help of this unit. This subsystem communicates
with the brain unit.

e Brain: This is a central unit and the main functions of it are process
controlling and information management: collection and transmission of
information.

e Manufacturing planning: This unit determines the production scheduling
and the raw material requirements based on the order.

e Logistics planning: This unit determines the scheduling of logistics for
the manufacturing process based on the order.

e Resource planning: This unit selects the specific factory and logistics
partner involved in the manufacturing process based on the availability
information and manufacturing parameters.

o Logistics: This unit is responsible for transportation that provides
information on its activities.

e Factory: The task of this unit is the physical production. It provides
information on its activities.

It is important to note that the Web shop, the Brain, the Manufacturing planning,
the Logistics planning and the Resource Planning are IT systems / services that
work together in the process.

Because of its complexity, the system will be implemented in several phases.
Therefore, the individual functions will be integrated step by step into the system.
In the first phase, the Brain, the Factory, and the user platform will be developed
in detail, while the other features will only appear with minimal functionality.
Before the second phase, the operational experiences and the implemented
industrial tasks will be analyzed and the exact specification of the second phase
will be determined based on this research.

Figure 2 shows a block diagram of the Factory subsystem. The Brain subsystem
communicates with the production support system and its controller
communicates with the other external and internal subsystems of the Factory. The
internal subsystems are responsible for the operation of the factory, including for
example robots, conveyor belts, and machining units. Note that the important
information from each subunit is processed and stored in an OPC / data collection
system.
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Block diagram of the robot element in the factory subsystem
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In the case of the robot subsystem, as shown in Figure 3, a special interface has to
be defined for the standardized data flow. Furthermore, a preprocessing unit must
be developed to enable adaptive programming of the robot. Note that, most of the
physical devices in the laboratory will belong to the factory subsystem.

Conclusions

The paper is represented the model of an Industry 4.0 based laboratory which is
currently under construction in University of Pannonia Nagykanizsa Campus. The
aims of the laboratory are teaching university students, making research in the
field of Industry 4.0 and implementing industrial flows in small scale. The system
mainly focuses on the information technology part of the automatization but the
physical components of production systems also appear. The model of the
laboratory is modular which enables to extend it later according to the industrial
and academic needs.

The first phase of the realization is in progress. Most of the hardware are available
on site and the development of interfaces of the first phase are close to finish. The
next step will be a demonstration for a flexible production system with two
customizable products.
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