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ABSTRACT

The industrial development of the economy requires specialists in handling processes and digitization. This applies to both the man-
ufacturing industry and the service sector. Human-machine communication plays a major role in this aspect. The Chair of Industrial
Information Technology at the Brandenburg Technical University Cottbus-Senftenberg is an educational institution. One of the main
focuses is teaching in information management and the associated communication strategy with its IT environment. The students are
introduced to real processes and trained through experimental exercises by means of practical approaches in research. To this end, the IIT
Chair uses current technologies that are state of the art in industry. This is illustrated in this article by the production of floor coverings.
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1. Introduction decentrally as far as possible without central interven-
tion. This is achieved with the help of so-called intelli-

The environment of the global industrial landscape gent objects, i.e. semi-finished or finished products that
is currently shaped by various trends, such as the In- can communicate and interact with their environment.
ternet of Things and Services, Cloud Computing or Big For example, a semi-finished product of a production
Data. These trends are mainly driven by the consumer plant can communicate which operation is to be carried
markets, whose products are characterized by increas- out on the object or trigger transport to a specific pro-
ing complexity and individualization. From the point of cessing location within a logistics system. On the other
view of the economic efficiency of development and pro- hand, production and logistics systems can consult the
duction processes, manufacturing companies are there- intelligent objects, e.g. in order to equip themselves ac-
fore being urged to act increasingly networked in value- cording to the product characteristics or to find out the
added networks [1]. current location of the object [2].

The Federal Republic of Germany has also recog- The technical basis in this context is formed by so-
nized this need and established the term “Industry 4.0” called cyber-physical systems. In these, software and I'T
at the Hannover Messe 2011. The objective pursued components are linked with mechanical and electronic
within the framework of the addressed high-tech strat- parts via a data infrastructure, e.g. the Internet. The
egy is to strengthen Germany as an industrial location resulting network of a multitude of embedded systems
in order to be prepared for the future vis-a-vis the glob- is characterized by a high degree of complexity [3].
al industrial nations. The focus here is on the holistic This is exactly where the Chair of Industrial Infor-
digitalization of industrial production and logistics pro- mation Technology at the Brandenburg Technical Uni-
cesses in order to achieve a fusion of the real and virtual versity Cottbus-Senftenberg comes in. In the future,
world. The development and implementation of modern trained specialists will be needed to design, implement,
information and communication technologies should lay support and further develop the required systems. The
the foundation for the development of intelligent, net- necessary know-how is characterized by a strong inter-
worked systems. These systems in turn form the ba- disciplinary character and includes knowledge from the
sis for the implementation of a self-organizing produc- fields of business administration, computer science, me-
tion environment in which people, machines, produc- chanical engineering and industrial engineering [5]. It is
tion plants or products communicate and interact di- therefore not surprising that the courses offered by the
rectly with each other [6]. The resulting production and IIT chair in the context of Industry 4.0 are mostly at-
logistics systems are thus enabled to control themselves tended by students of the above-mentioned disciplines.
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This, in turn, means that the different levels of edu-
cation of the students must be taken into account when
designing the content of the courses. Here the chair of
IIT concentrates on a practical development of the exer-
cises as well as on the adaption of theoretical structure
of the teaching. In this way, the students should be able
to understand the theoretical concepts and technologies
they have learned in the context of Industry 4.0 on the
basis of real-life processes. As a result, the individual
learning process of the students should be strengthened
by the practical exercises.

The focussing design of the exercise offer is to be il-
lustrated by means of a specific exercise. First, the case
study is explained, which describes a process on which
the structure of the exercise is based. Then the experi-
mental setup is explained, which prototypically depicts
various key technologies in the context of Industry 4.0
in the case study. Finally, the concrete learning contents
of the exercise are listed.

2. The case study
“parquet and laminate production”

The basis of the exercise is the illustration of
a strongly abstracted production process for the pro-
duction of parquet and laminate panels. The process is
characterized by 4 steps, which the students go through
at different workplaces: sawing, milling, coating, and
packaging.

The source of the manufacturing process is an up-
stream forester’s shop, which supplies the logs required
for production. To simplify matters, the sawing of logs
into boards is dispensed with in the exercise, so that
the required boards are fed directly into the produc-
tion process.

The sink of the process is a DIY store, which has
given a defined production volume in order.

In the “sawing” sub-process, the board is sawn to
specified panel dimensions and equipped with an RFID
tag. This tag contains all data necessary for the produc-
tion and enables the panel to communicate and interact
with the environment.

In the “milling” sub-process, a groove and a tongue
are milled in two passes on each side of the panel.
By communicating between the panel and the milling
machine, the machine independently determines which
milling head configuration is required for the respective
work step.

In the “coating” sub-process, a top layer is applied
to the panel, which defines the late appearance of the
floor. Here the possible automation of internal logistics
processes is shown to the study participants by equip-
ping the coating material with an RFID tag.

In the final sub-process “packaging”, a predefined
number of panels is commissioned and prepared for dis-
patch. A special advantage of the RFID technology, the
so-called bulk detection, for the control of the individu-
al panels and the determination of the number of panels
per package is demonstrated.
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3. The experimental setup

The model does not focus on the function of the
individual machines, but rather on aspects of informa-
tion acquisition and processing. A simplified machine
is available for each production step, the function of
which must largely be implemented by the user himself.
There are neither mechanical drive means nor function-
ing tools for product processing. For reasons of reusabil-
ity, the materials are specially prepared.

Each machine has an input and output reader for
reading and writing RFID tags in order to read the in-
formation required for production control directly from
the product and to execute the corresponding setup or
machining processes on this basis.

The user’s attention should be drawn to information
processing. Each machine was equipped with a special
“terminal” for this purpose. With the help of this us-
er interface, the most important information about the
configuration of the machine and the production pro-
cess is to be displayed. Errors in the production process
or necessary actions of the user are signaled accordingly.

A central point of the work place is the display of
the memory content of the RFID tags read. It should be
made clear which data are read and written in each case
in order to automate the production process as compre-
hensively as possible and to realize an individualization
of the products.

In Fig. 1, the memory content of the RFID tag is
displayed at the beginning and end of processing. On
the graphical user interface, the stored work plan and
the status of the processing progress are to be highlight-
ed. The documented processing progress should deter-
mine the continuation of the production process as well
as the configuration of the following machines.
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Fig. 1. Graphical user interface of a machine terminal.

This data is difficult for the machine operator to
interpret and monitor. For this reason, additional da-
ta accompanying the object is read from a database in
a parallel way and displayed on the terminal. The us-
er is now able to additionally control the production
process.

Step 1: Sawing — The carrier material for the pan-
els is to be cut to a defined length from prefabricated
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boards of different lengths with the aid of a saw. First,
when the starting material is inserted into the machine,
the wood and manufacturer information of the board
is read by barcode and the use of the correct starting
material is checked. Once the raw material has been
successfully selected, the production process is started.

After cutting, the basic panels are measured using
a measuring device, sorted out if necessary and the re-
sult transferred to the database for quality assurance
and monitoring material consumption.

At the same time, each panel is provided with an
RFID tag. The tag is described with the help of the
machine’s output reader with all necessary order, prod-
uct and production data and presented to the user in
a tabular overview of the machine terminal.

The first work step is thus completed. On the con-
trol terminal of the machine, the progress of the work
is now indicated.

-

Fig. 3. Communication interface: sawing.

Work steps 2 and 3: Milling — After cutting the car-
rier material to a given size, a groove or tongue is milled
on each panel in two operations, which is serve as con-
nectors between the individual parts.

A milling machine equipped with different milling
heads is used for this purpose.

After the panel has been inserted into the machine,
all object-related information is read from the RFID tag
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on the input reader. Based on the information about the
production progress, the machine is automatically con-
figured. In the model, this is realized by electromagnet-
ic switches that activate the corresponding milling head
for the current machining operation. Once the product
has been sufficiently machined, it is routed to the next
workstation. Otherwise, an automatic reconfiguration
and a second machine run with subsequent checking of
the production progress takes place.

Within the “Milling” sub-process, it is particular-
ly clear how the current product information controls
the configuration of the machine and thus the further
processing of the product.

Fig. 4. Tool control with RFID sensor system.

Fig. 5. Data recording: milling.

At the end of each production step, the production
progress is again documented on the RFID tag with the
aid of the output reader. Product processing and the ex-
change of information between the machine and the
product are now complete.

Step 4: Laminating — After all forming operations
have been completed, a special coating machine is used
to apply a veneer to the carrier material.

The information from the RFID tag of the panel is
first read by the input reader, the corresponding pro-
duction progress is determined and the configuration
of the machine is checked on the basis of the product
information. Since an additional material is added to
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the product in this processing step, the coating materi-
al may have to be converted according to the product
data. On the basis of a processing strategy to be de-
fined, the changeover of laminating tool can take place
immediately or only from a corresponding quantity of
waiting parts.

The holding device of the coating material is also
equipped with an RFID reader. When the correspond-
ing roll of coating material is inserted, the product data
is read from the RFID tag on the roll and transmitted
to the machine. For the operator of the machine, the
product-accompanying information from the database
is displayed.

If the product data at the input reader matches the
configuration data of the machine, the processing pro-
cess starts. In this case the coating is done manually
by the operator of the machine. At the output reader,
the corresponding production progress is documented
in the work plan within the RFID tag on the panel and
displayed on the terminal.

Fig. 6. Laminating process.

Step 5: Bulk reading and packaging — After comple-
tion of the production process, the finished panels are
packed into packages and then provided with the nec-
essary information about the product and the package
by QR code.

Fig. 7. Bulk scan.

A special feature here is the equipment of the work-
station with a powerful RFID reader and a correspond-
ingly large antenna. This creates a spatially large and

22

strong electro-magnetic field in order to detect all the
panels in the packing device simultaneously. This is
known as bulk threading.

All panels located in the reading area of the read-
er are simultaneously checked to see whether they are
from the same product or order and whether the qual-
ity values, for example the length of a panel, comply
with the standard.

The packaging process and the creation of a parcel
label in the form of a QR code sticker are only started
when the correct quantity of panels is sorted and of the
correct quality in the reading area.

4. Learning contents of exercise

The main focus of the exercise is on information
processing and the associated information flows within
the described process flows. Depending on the strat-
egy applied, a distinction is made between object-
accompanying and object-bound data flows. In the case
of object-accompanying data flows, the material flow
is synchronized with an additional information flow.
The latter is characterized by central data storage in
databases, which is accessed by an action carrier via
a network at the time of need. Typically, optical tags,
e.g. bar codes, are attached to the object in which an
ID is stored that serves as an access key to a specific
database. In addition, the ID can be differentiated here
with regard to a speaking and a non-speaking key. If in-
formation can already be derived from segments of the
ID without having to access a database, this is referred
to as a speaking key. Otherwise it is a non-speaking
key [4].

Object-bound data flows are characterized by the
fact that the object-relevant data required for object
processing are stored directly on the object. Electronic
tags are used for this purpose, in which the data can
not only be read, but also changed and supplemented.
RFID technology is a typical example of that usabili-
ty [7].

During the exercise, the students will first under-
stand the optical coding methods in connection with
the integration of databases. The concrete functionality
of the databases themselves will be explained in a sub-
sequent seminar.

Furthermore, the students will gain knowledge in
the functionality of RFID technology. Particular impor-
tance will be attached to understanding how to read
and write data to the memory of the RFID tag. The
unencrypted data used here represent a possibility for
storing data in the memory register of an RFID tag.

In addition to the many advantages and possibili-
ties that RFID technology can bring to the design of
Industry 4.0, technical and organizational peculiarities
for the use of RFID technology will also be explained
in the course of the exercise. For example, the influence
of metallic bodies on the quality of the electromagnetic
field and thus on the stable work of information tech-
nology.
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Fig. 8. RFID technology.

LED-lights are used to make the electromagnetic
field “visible”. Among other things, the influence of
shape and size as well as the position of the antennas
of the readers and transponders for the effective range
of action of RFID technology is made clear. The aim
is to provide students with a better understanding of
how RFID technology works and to highlight the op-
portunities and problems associated with the use of this
technology.

This case study is intended to illustrate how object-
related information can be used for communication be-
tween intelligent objects and machines. The product-
related information is available at all times for the
production process, even without network access to a
database. Product-related information in the example
only serves to better understand the automation of the
process and the interpretation of the memory data of
the RFID tag for the machine user.

5. Conclusion

The 4th industrial revolution will significantly
change the existing production and logistics processes
within value creation networks. The internal process-
es within manufacturing companies will be increasingly
decentralized in their organization and control, and the
cross-company processes between the individual actors
in the supply chain will increasingly be networked with
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each other. Especially in the case of manufacturing pro-
cesses characterized by a high degree of variance, future
systems will make it possible to achieve economic effi-
ciency similar to today’s series production.

These systems are characterized by a high degree of
complexity both from a process and an I'T point of view
and require adequate specialists who are capable of de-
signing, implementing, supporting and further develop-
ing the systems. The necessary interdisciplinary knowl-
edge ranges from business administration and comput-
er science to mechanical engineering and industrial en-
gineering. In numerous courses offered by the Bran-
denburg Technical University Cottbus-Senftenberg, the
aforementioned focal points of knowledge are specifi-
cally taken up and taught to students in a structured
manner. In this context, the described exercise struc-
ture of the Chair of Industrial Information Technology
is only a case study of how the teaching operation in
the context of Industry 4.0 is designed for students at
the university.
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