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Abstract: Digital technologies permeate all aspects of industrial production and Logistics systems, ac-
celerating the generation of large amounts of industrial data. Industry 4.0 and Industrial Internet of
Things offers great development opportunities, new perspectives, a new paradigm of autonomous and
decentralized production control. The information on the current status of industrial processes is inval-
uable in present times. Among others, it enables deliberate and rational management of available re-
sources. Therefore, acquisition, transmission and management of data is an important issue in the sys-
tems for collecting data from production lines and a key element in the decision-making process. In
industrial practice, the data acquisition process uses the information obtained from various sensors
placed directly in production lines. The current level of microelectronics development enables acquisi-
tion and transfer of data from technological processes in real time. This article presents selected popular
methods of automatic acquisition and transfer of data directly from production lines in the course of
implementation of manufacturing processes. A review of all the issues discussed is supported by ex-
amples. Particular attention is paid to the nature and importance of data acquisition in the decision-
making process. It was emphasized that the information itself is very important, but the value of infor-
mation and the way it is processed and managed are also important. Data management in the unit opti-
mizes the decision-making process and the work of the entire unit. On the other hand, data is a resource,
the loss of which may result in the loss of competitive position or the loss of development opportunities.

Key words: digital technologies, data acquisition, data management, production, management, deci-
sion-making process, Industry 4.0, automation, sensors, wired network, wireless network

Synopsis: Technologie cyfrowe przenikaja wszystkie aspekty produkeji przemystowej i systemow lo-
gistycznych, przyspieszajac generowanie duzych ilosci danych przemystowych. Przemyst 4.0 i Prze-
mystowy Internet rzeczy oferuja ogromne mozliwosci rozwoju, nowe perspektywy, nowy paradygmat
autonomicznej i zdecentralizowanej kontroli produkcji. Informacje o aktualnym stanie proceséw prze-
mystowych sa nieocenione w dzisiejszych czasach. Umozliwia m.in. przemyslane i racjonalne gospo-
darowanie dostgpnymi zasobami. Dlatego pozyskiwanie, przekazywanie i zarzadzanie danymi jest
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wazng kwestia w systemach zbierania danych z linii produkcyjnych i kluczowym elementem w proce-
sie decyzyjnym. W praktyce przemystowej proces pozyskiwania danych wykorzystuje informacje uzy-
skane z réznych czujnikéw umieszczonych bezposrednio na liniach produkcyjnych. Obecny poziom
rozwoju mikroelektroniki umozliwia pozyskiwanie i przekazywanie danych z procesow technologicz-
nych w czasie rzeczywistym. W artykule przedstawiono wybrane popularne metody automatycznego
pozyskiwania i przesylania danych bezposrednio z linii produkcyjnych w trakcie realizacji procesow
produkcyjnych. Przeglad wszystkich omawianych zagadnien jest poparty przykladami. Szczegdlna
uwage zwraca si¢ na charakter i znaczenie pozyskiwania danych w procesie decyzyjnym. Podkreslono,
ze sama informacja jest bardzo wazna, ale wazna jest rOwniez warto$¢ informacji oraz sposob jej prze-
twarzania i zarzadzania. Zarzadzanie danymi w jednostce optymalizuje proces decyzyjny i pracg catej
jednostki. Z kolei dane sg zasobem, ktorego utrata moze skutkowac utrata pozycji konkurencyjnej lub
utrata mozliwosci rozwoju.

Stowa Kkluczowe: technologie cyfrowe, pozyskiwanie danych, zarzagdzanie danymi, produkcja, zarza-
dzanie, proces decyzyjny, Przemyst 4.0, automatyzacja, czujniki, sie¢ przewodowa, sie¢ bezprzewo-
dowa

JEL codes: L16, L26, 032, 039

Introduction

Today, digital technologies permeate all aspects of industrial and production systems,
accelerating the generation of large amounts of industrial data. Industry 4.0 offers great de-
velopment opportunities, new perspectives, a new paradigm of autonomous and decentral-
ized production control. From an IT perspective, this means a new level of networking, data
integration and data processing in production, and new possibilities for data management.
Data management trends and challenges reveal the impact of developing new models and
architectures that incorporate the Internet of Things, Cloud Computing and Big Data at dif-
ferent levels of integration to enable intelligent analytics. Data management covers all the
plans, processes, policies, and practices that a company uses to collect, store, control, deliver,
and modify data and information in the systems of a business organization. Proper data man-
agement is one way business can proactively improve the quality, efficiency, effectiveness
and reliability of its data [Tupa and Steiner 2019].

Changing market conditions and increasing competition force manufacturing compa-
nies to use organizational, technological and IT innovations which enable flexible production
planning and increasing efficiency of management of processes. Appropriately collected and
presented data from production lines make it possible to specify which of the manufacturing
processes reduces productivity and at what point it should be improved.

Data acquisition in industrial practice consists in remote reading data through measur-
ing systems as well as transmission of the data obtained using a transmission medium. The
data acquired in this way are usually sent to an acquisition server (Figure 1) or a DNC com-
puter. The constantly growing level of industrial automation causes the dynamic growth of
the amount of transmitted data. It should be noticed at the same time that the requirements
related to the increase in the amount of the data processed and the reduced time of their
acquisition affect parameters of industrial enterprises. The data acquisition is one of the most
important issues of distributed real-time systems. Modern computer systems used to support
manufacturing processes allow for real-time visualization, processing, downloading and
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making available the data collected. In the context of the vast amounts of data on processes,
the tasks specified pose a serious problem to be solved by the systems of industrial databases
used currently [Cupek 2021].

Acquisition Dispatch stations
servar —

<

Transmission
medium

|:| |:| . |:| Measuring systemns

L1 L2 Ln

Figure 1. Example of a remote reading system
Rysunek 1. Przyktad systemu zdalnego odczytu

Source: [Bogacz and Krupanek 2021].

There are many methods for collecting process data from production systems. In gen-
eral, it can be said that the choice of an appropriate method depends on specific characteristics
and the level of automation of manufacturing processes [Cwikta 2011]. Acquisition of data
from manufacturing processes can be manual, semi-automatic or automatic. The manual ac-
quisition is a process onerous for employees, vulnerable to manipulations and many errors
resulting, among others, from the human factor. Moreover, the data in the process of manual
acquisition is collected with a huge delay. This is due to the fact that they must be entered
manually into the system and forwarded. The semi-automatic acquisition is based on the co-
operation between a man and a machine. The semi-automatic mode enhances the process of
data acquisition significantly but does not eliminate all deficiencies of the manual mode. The
automatic data acquisition may be applied in automated production lines or at workplaces
intentionally equipped with various types of data acquisition sensors. Therefore, an automatic
data acquisition system must be appropriately built. It is usually the most expensive method
of date collection for implementation. However, it is the most efficient and the most reliable
of all the methods mentioned above [Sade et al. 2019].

It is obvious that fully automated production systems due to the large amount of the key
data on processes affect taking decisions on controlling manufacturing processes. However,
the data collected from the sensors require proper analysis and interpretation [Cwikla 2011].
Finally, it is a man who takes decisions on controlled processes on the basis of the current
data.
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The aim of this paper is to present selected popular ways and methods of automatic
acquisition and transfer of data directly from production lines of enterprises, accentuation the
differences between the discussed methods and presenting the essence of data management
as the key to the success of many enterprises.

Materials and methods

The purpose of this paper is to present an analysis of selected methods and approaches
to automatic data acquisition and transfer directly from the production lines of enterprises, to
highlight the differences between the discussed methods and to present the essence of data
management as a key to success of many enterprises in the era of digitalization of Industry
4.0. Based on the literature and available data on the acquisition, transmission and manage-
ment of data, an analysis and evaluation was carried out, resulting in the conclusion that in
all manufacturing enterprises, the acquisition and management of data from the production
layer serves to increase production efficiency and reliability, and data acquisition is a key
element in the decision-making process and at every level of enterprise management. The
analysis also covers current technological developments that are increasing the possibilities
of wired as well as wireless ways of transferring data from technological processes, acceler-
ating the pace of analysis in the decision-making process, as new technologies used in Indus-
try 4.0 are also enabling the development of enterprises whose main objective is to gain a
competitive advantage. Without appropriate support of modern digital technologies, the
amount of data/information generated in technological processes, is impossible to process
and use in further development of enterprises.

Industry 4.0 and Industrial Internet of Things

Industry 4.0 stands for the integration of intelligent machines, systems and the intro-
duction of changes in production processes to increase manufacturing efficiency and intro-
duce the possibility of flexible product range changes. In line with the idea of the future, data
acquisition and archiving are of great use in production processes. The analysis of production
data allows for the early elimination of process errors and strategic line failures. The archiv-
ing of data allows the creation of historical analyses and direct process tracing of the product
at each production stage and supports future production planning [Akwizycja i transmisja...].

The basic execution elements necessary to move production into the digital era are dig-
italized control systems. It is about controlling automation systems, production nests, auto-
matic transport or human communication systems. Industrial computers are responsible for
the operation of all these devices and they are the main element allowing to build the Indus-
trial Internet of Things, Digital Factory or, finally, to create an enterprise management and
control system compliant with Industry 4.0. In industrial installations, measuring devices
generate huge amounts of information, e.g., about the condition of machines or environmen-
tal conditions. Until now, this data was hardly used because it was not transmitted to the
control systems. Nowadays, they can be transmitted via digital techniques to the cloud, where
they are available to all systems operating in the plant. This makes it possible to continuously
monitor the condition of the equipment and to plan maintenance activities well in advance.
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It also makes it possible to optimize production processes, depending on information about
conditions, location and availability of individual devices. This results in savings of raw ma-
terials and media used during production [Bienkowski 2018].

Data acquisition — an essential element of the decision-making
process

It is in all manufacturing companies that the data acquisition from production processes
and the management of the data are aimed at improving productivity and reliability of the
processes. Data acquisition is a key element in the decision-making process at every level of
business management i.e. from operational services and maintenance through departments of
engineering to administrative units. These levels also have their reference in the hierarchical
structure of an enterprise. It is at the lowest level that there are the sensors, actuators and
various industrial automation devices having a direct connection with the production level.
A level above, there are control and data acquisition systems as well as all sorts of industrial
control systems. These systems operate in real time and, besides collecting data, are respon-
sible for control of machinery, equipment and components of production lines [Pekala 2012].
The decision-making process consists mainly of stages of identification and analysis of all
the information available on the existing problems, then assessment, decisions and selection
of an optimal solution [Sala 2007]. Efficient and accurate decision making within a reasona-
bly short period is the basis for the proper functioning of any enterprise [Bolloju et al. 2002].
The complexity of decision-making processes involves many determinants affecting their
course. The process itself can be characterized as a set of different elements defining the
context and the circumstances of decision-making. The efficiency of decision-making pro-
cesses depends on the organization of activities and the course of the planned cycle and the
need to isolate individual stages results from the complexity of processes themselves
[Kisielnicki 2006]. The analysis of the decision-making process enables thorough under-
standing of the problem and the entire process as well as generates new knowledge [Bolloju
et al. 2002].

Data acquisition in the decision-making process is a fundamental prerequisite for solv-
ing most problems that occur in the enterprise. In a rational analysis of alternative decisions,
an important element is a careful comparison of benefits and costs and possible courses of
action and behaviour. Current changes in the surrounding reality, digitalization and Industry
4.0 set new goals and directions that organizations will strive for.

Methods for collecting data from production lines

In the process of data collection from production lines, it is very important that the
process data acquisition itself is not burdensome for an operator and does not slow the pro-
duction process. In industrial practice, the data acquisition process uses many sensors posi-
tioned directly in the production line [Xu et al. 2020]. An example of sensors’ classification
is shown in Figure 2.
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Sensors used in industrial practice —
Data acquisition

Contact Proximity Optical Measuring
sensors Sensors Sensors transducers
— switches a) presence sensors — laser — pressure
— microswitches — induction — video — current
-tiggers — magnetic — light curtains — voltage
— capacitive — bar code readers — temperature
— ultrasound — QR code — swing
b) RFID readers (2D) - pH
— photocells — position/road
(analog encoders)

Figure 2. The division of sensors used in industrial practice for collecting data
Rysunek 2. Podzial czujnikow stosowanych w praktyce przemystowej do zbierania danych

Source: own study based on [Fraden 2010].

For obvious reasons, sensors are necessary and are an important element of most ma-
chines, equipment and technological lines. They are usually very small and inconspicuous.
However, it is without them that it would not be possible to detect the presence of objects,
define their characteristics, control work of machinery and equipment as well as processes.
Therefore, well-selected sensors largely decide on the accuracy and reliability of production
processes [Fraden 2010].

The sensors listed in the Figure 2 usually work together with PLC controllers (PLC —
Programmable Logic Controller) (directly connected to input modules, bus connection — Pro-
fiBus, MPI, ANSI, SPI, I12C, CAN or through an industrial network — Profinet). Acquisition
of data from production lines generally consists in collecting data from PLC controllers
[Fraden 2010, Blokdyk 2020].

The PLC controllers integrate entire hardware controlling technological processes.
Their outputs are connected to executive systems, to inputs — different types of sensors and
measuring systems. It is through fast buses that they communicate with other controllers (of-
ten specialized for specific tasks). At the same time, they are also equipped with a number of
interfaces allowing for communication with data networks, may also be equipped with hard-
ware modules for recording data process directly to standard of databases [Cwikta 2012].

Contact sensors are mainly used as “limit switches” (position switches), however, due
to the presence of mechanical parts in their construction, they are prone to crushes,
which causes that they are used less often in industrial practice. Contact sensors are used
mainly for detection of the presence of objects which are not deformed by contact. They are
also used as triggers — devices starting machines [Fraden 2010].

Proximity sensors belong to main elements of many industrial automation systems.
They are used primarily to detect the presence of objects, their count and even to define their
certain physical characteristics. The use of proximity sensors allows for automatic control of
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machinery and production systems through controlling levels of certain liquids and bulk ma-
terial, and even for providing personnel with security when they are used in the safety systems
[Karbowniczek 2015].

Optical sensors are part of control devices, whose operation is based on sending a light
beam by a transmitter which is received by a receiver and recording objects which cross the
light beam sent by the transmitters. Optical sensors are characterized by a high resolution
which enables to record very small objects, a large detection zone from a few centimeters to
several meters, a short response time and high resistance to noise and air pollution. Optical
sensors are very widely used in industry. They are used, among others, for [TWT Au-
tomatyka]:

o identification of objects within the range of their operation,

o controlling the position of the moving parts of machinery,

e counting passing objects or number of revolutions,

o specifying for example: the level of liquids and bulk material,

¢ in addition to typical industrial applications, they are also used for control of com-

ings and goings, at gates and security systems.

Measuring transducers convert a tested physical unit (temperature, weight, pressure,
pH, moisture) to another one. It is usually that the output unit is current or voltage — a signal
read by industrial automation systems [Fraden 2010]. Examples of sensors used in industrial
practice are shown in the Figure 3.

Sensors provide a wide range of information on the state and course of the manufactur-
ing process as well as on the condition of machines and devices allowing for automatic man-
ufacturing process control. The main task of sensors used in production lines is collecting
data from production paths as well as detecting irregularities occurring in production pro-
cesses [Fraden 2010]. The data, which can be obtained, cover executed tasks (progress of
executed orders), material flow (parts, work in progress, finished products), use of machinery
and equipment (performance, downtime, failures), quality of products and the data on per-
sons/workers involved in the production process (type of operations performed, breaks etc.).
Selection of types and location of sensors in the automatic process is individual for each
production line (specificity of production) and depends on the type of the production process
[Xu et al. 2020].

The larger the number of sensors, the more comprehensive may be the control algorithm
of the manufacturing process. The most commonly used sensors for data acquisition in in-
dustrial automation are inductive sensors (metal detection), capacitive sensors (responding
to approach of any active medium to the surface) and photoelectric sensors (allowing for
detection of foreign bodies in the operating area, light or color detection) [Heimann et al.
2001].
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Figure 3. Exemplary sensors used in the industrial practice: a) a contact sensor (a limit switch); b) an inductive
proximity sensor; c) an optical sensor; d) a pressure transducer
Rysunek 3. Przykltadowe czujniki stosowane w praktyce przemystowej: a) czujnik kontaktowy (wytacznik kran-

"

sis \

cowy); b) indukcyjny czujnik zblizeniowy; c) czujnik optyczny; d) przetwornik ci$nienia
Source: a — [Kontratech]; b — [Karbowniczek 2015]; ¢ — [Automatyka — sklep]; d — [ACSE].

The cooperation of an enterprise resource management system with a production sub-
system of the company requires certain and unambiguous acquisition of data on the manu-
facturing process. The data are passed through different types of data networks from the
source to the place of their analysis and storage, whose load changes in time. Another prob-
lem is the diversity of technical solutions crated as universal or customized solutions. Char-
acteristics essential for the effective data acquisition are consistency of the information, reli-
able collection and storage, effective access to information and keeping chronology of the
events recorded [Cupek 2021].

Methods for transferring data from production lines

The modern methods for transferring data available today offer immense, new oppor-
tunities in the processes of automation of technological lines. The data are exchanged via
industrial networks, local computer networks, wireless networks or a global computer net-
work. The possibility of connecting via drivers, distributed inputs/outputs modules, transduc-
ers, frequency converters, operator panels or PC-es installed locally or anywhere in the world
offers a user great opportunities for the full integration of the extensive, distributed industrial
processes [Naskret et al. 2005]. Nowadays, the huge amount of processed and collected data
has led to an increase in digital demand using methods and tools that can process data quickly
enough and extract valid, relevant, useful and meaningful information from it.

The modern manufacturing companies constantly strive after reduction of production
costs, improvement of quality and enhancement of the efficiency of technological processes.
Currently, there are many interfaces for data transmission used in processes of production
control [Tupa and Steiner 2019, Xu et al. 2020].

Transfer of data from measurement points and from elements in their production pro-
cess can be carried out either by wire or wirelessly (Figure 4). Network infrastructure is cur-
rently an indispensable part of machinery, equipment and production lines allowing for con-
trol of machinery, technological processes, data transmission and communication with com-
puter systems of a company [Blokdyk 2020].
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Data transfer from production lines

By wire Wirelessly

—  Plugged directly into a PLC a) WiFi

- Modbus b) Radio:

— CAN - 2,4GHz;
—  ProfiBus - 868MHz;
—  Profinet - 433MHz.
— ANSI bus

—  Fibre-optic cables
- TCP/IP

— RS232

— RS485

Figure 4. Popular methods for transferring data from production lines usedin industrial practice
Rysunek 4. Popularne metody przesytania danych z linii produkcyjnych stosowane w praktyce przemystowej

Source: own study based on [Blokdyk 2020].

The optimal efficiency of the data transfer from production lines can be achieved by
providing adequate quality of the wired infrastructure, which is a key element in the operation
of all machinery and equipment, control systems and industrial automation. Wired data trans-
mission is one of the most popular ways to exchange data in technological processes. The
data transmitted in this way can be sent in either analog or digital form with appropriate
frequency. This technology is considered to be the most reliable and offers a number of ad-
vantages i.e. it is not susceptible to radio interferences, has a higher throughput, ease of di-
agnosing damage, resistance to serious failures, expandability and can be effectively opti-
mized [Yekini et al. 2015].

Among the many possibilities of transferring data from production lines in a wired way,
the ProfiBus network (developed by Siemens), which is used in the distributed control sys-
tems, is noteworthy [Mamo et al. 2017]. The network structure is based on the efficient trans-
fer of large amounts of data in real time (data transmission in the network takes milliseconds).
Analog and digital (input/output) devices, sensors, actuators, PCS and PLC controllers or
operator terminals can be primary stations — controlling stations (Master). The attached sub-
stations (Slave) include different systems (i.e. inputs/outputs, cylinders, transducers). The
ProfiBus can be operated in either Master-Slave or Multimaster mode. The structure of the
ProfiBus protocol is based on the Open Systems Interconnection module (OSI) according to
ISO (International Standard Organization). The maximum transmission speed is 12Mbs, the
transmission speed is inversely proportional to the length of the bus. There can be up to 127
devices in one network [Mamo et al. 2017].

The Profinet is another noteworthy network. The Profinet network integrates IT net-
works in enterprises with office networks without modifying existing devices. The basic op-
eration mode is compatible with the TCP/IP protocol. The Profinet network is used, among
others, in the systems of the MES and ERP class [Mulaosmanovic 2015].
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Moreover, it should be also noted that the standards intended for multipoint transmis-
sion lines, i.e. RS232 and RS485, are very important. Both standards are communication
buses intended for serial data transmission, the RS232 has a voltage output and RS485 has a
current output. Both buses (RS232 and RS485) can work both in full-duplex and half-duplex
mode [Mulaosmanovic 2015]. In the full-duplex mode, transmission and reception of data
are performed simultaneously; only two devices are connected with each other (Figure 5).
The half-duplex mode (Figure 6) consists in transmitting and receiving data alternately (one
pair of wires, which is bi-directional).

Slave 1 Slave 2 Slave n

E& f1200 lI 1 'LI,:: {1200 W

Ax| $120Q 4 $1200
7/
Figure 5. A bus in the Master Slave mode full-duplex
Rysunek 5. Magistrala w trybie Master Slave full-duplex
Source: [Engineer Ambitiously].
Slave 2 Slave n
VARV
9) 0
g TX
: I
g $1200 " $1200

Figure 6. A bus in the Master Slave mode half-duplex
Rysunek 6. Magistrala w trybie potdupleksowym Master Slave

Source: [Engineer Ambitiously].

However, the transmission speed drops with the increase in length of the bus (wire).
This phenomenon is graphically illustrated in the Figure 7.
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Half-duplex Full-duplex

transceiver transceiver
reign reign

CABLE LENGTH - ft
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10k 100k i 10M 100M

DATA RATE - bps
Figure 7. The dependence of the transmission speed on the length of the bus (wires) for the RS485 full-duplex and
half-duplex
Rysunek 7. Zalezno$¢ predkoscei transmisji od dugosci magistrali (przewodow) dla RS485 full-duplex i half-duplex

Source: [Kugelstadt and Devlin-Allen 2014].

Currently, wireless networks are an alternative to conventional wired networks. They
are used everywhere, where wired connections are difficult to create or too expensive; they
give users easy access to resources regardless of place and time. Wireless data transmission
has many advantages, which include the ease of installation and flexibility, monitoring device
parameters, range (from several meters in buildings to several kilometers), fast expansion
and modification of the network structure. Among disadvantages, there are a high level of
external interferences, the requirement of additional security systems, which reduces the
speed transmission, unauthorized access, as well as the relatively large energy dissipation
[Pawar and Sawant 2014].

There are many possibilities for transferring data wirelessly. One of the most popular
network is Wi-Fi, which transmits data on distances to several dozen or several hundred me-
ters and is executed in the IEEE 802.11 standard. Wi-Fi is a technology that is used properly
without any modification in the case of industrial applications. Wi-Fi uses the frequency
ranges of 2.4 GHz and 5 GHz and the main advantage of this type of transmission is relatively
high throughput [Piatek 2021].

Wireless networks are becoming increasingly popular. This technology allows for cre-
ation of networks in a variety of different configurations. The most popular and most com-
monly used is a temporary network (ad hoc) or a network with infrastructure. An ad hoc
network is a temporary connection (usually for a short period) amongst devices and comput-
ers established for a specific purpose e.g. for direct exchange of files (Figure 8). A network
with infrastructure has a fixed master station, in which all devices (in a wireless network)
communicate with each other via access points AP (Figure 9) [Pawar and Sawant 2014].
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ad hoc network AP wired client

Figure 8. An ad-hoc temporary network (ad-hoc network, wired customer)
Rysunek 8. Tymczasowa sie¢ ad-hoc (sie¢ ad-hoc, klient przewodowy)

Source: [Laboratorium lokalnych...].

It é (9)
1 AP l

Ethernet

AP in client mode
Wired client

Figure 9. A Network with infrastructure (AP in customer mode, wired client)
Rysunek 9. Sie¢ z infrastrukturg (AP w trybie klienta, klient przewodowy)

Source: [Laboratorium lokalnych...].

Moreover, other types of networks should be listed such as a bridge point-to-point. This
solution is used to connect remote segments of a wired network using radio (Figure 10). It is
in practice that a bridge point-multipoint is also used. It is a structure similar to a bridge point-
to-point, with the difference that there can be more segments of a wired network connected
in this way in this case (Figure 11).
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Figure 10. Bridge point-to-point
Rysunek 10. Most z punktu do punktu

Source: [Laboratorium lokalnych...].
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Figure 11. Bridge point to multipoint
Rysunek 11. Most z punktu do wielopunktu

Source: [Laboratorium lokalnych...].

In addition to the different wireless networks mentioned above, it is the MESH network
that is noteworthy. This network is considered a smart network. Its intelligence is imbedded
in routing algorithms which provide information on the possibility to reach a specific node
(Figure 12). MESH networks integrate fully with Internet. Then the IP protocol is accepted
as a network layer protocol. However, it should be mentioned that routing protocols in the
case of MESH networks are completely different from those used in wired networks [Folga
2006].
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Figure 12. A MESH network
Rysunek 12. Sie¢ MESH
Source: [Rudnicki 2014].

Automated production lines are constructed on the basis of distributed control structures
more and more often and therefore require advanced data transmission networks [Antons and
Arlinghaus 2021]. The use of the wireless technology based on the Wi-Fi network allows for
greater mobility and elimination of wires. The wide availability of technical measures and
their differentiated capabilities allow for creation of any form of a network for data acquisi-
tion. A comparison of technical characteristics of the selected types of data transmission is
shown in the Table 1.

Table 1. A comparison of technical characteristics of the selected types of data transmission
Tabela 1. Porownanie charakterystyk technicznych wybranych rodzajow transmisji danych

Type of transmis- Data transfer speed Distance
sion
RS232C from 300 to 19200 bit/s max. 15m
RS485 up to 35 Mbit/s up to 1200m
CAN up to 1 Mb/s From40 mto 1 km
UsSB up to 480 Mbit/s, (actual transfer speed depends on 2 to 5 m, with the possibility of
the design of the device) extension
Ethernet from 10 Mbps to 10 Gh/s from 500 m to 80 km
Wi-Fi up to 300 Mbit/s from a few meters to a few km

Source: own study on [Chatadyniak 2011, Kruszynski 2015, Tomaszewski 2018].

To sum up, it should be noted that both solutions wired and wireless can support and
complement each other offering a completely new quality of control and monitoring in pro-
duction processes [Cisco Systems 2007]. They may create so called hybrid systems of trans-
mission networks sending data from technological processes. It is also possible to create re-
dundant networks, in which information may arrive from a sender to a recipient in many ways
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(a network automatically chooses the shortest one). The redundancy of transmission paths
makes that the network is extremely resistant to failures as in the case of damage to one route,
the network selects a different path.

Currently, the development of technology increases possibilities of both the wired as
well as wireless data transfer from technological processes and speeds up the pace of analysis
in the decision-making process. New technologies used in industry also allow for develop-
ment of companies, whose main purpose is to generate profit by gaining a competitive ad-
vantage. Without proper support of the information technology, the amount of data/infor-
mation generated in technological processes could not be processed.

Data management — a responsible and complex set of processes

Data collection and management are the foundation for the good functioning of every
enterprise. Currently, data is one of the most valuable resources, and their potential is grow-
ing. The data obtained is key in the activities of modern enterprises. Thanks to them, all
company management processes are optimized [Tupa and Steiner 2019]. However, it is not
the information itself that determines their value, but the ways to manage it. How an enter-
prise uses data determines the quality of data and affects the good (or bad) prosperity of the
individual. Data management processes extract all potential from the information. Awareness
of the importance of proper data usage currently encourages entrepreneurs to invest in the
most effective data management systems. Thanks to detailed analyzes, not only the compa-
ny's excellent performance is achieved, but also the information flow along with the distri-
bution of access to authorized persons is improved, the offer is perfectly adapted to the cus-
tomer's requirements and expectations, and the relationship between the company and the
customer is improved by improving the service system and communication [Raptis et al.
2019]. Data management also enables accurate analyzes of entire data streams flowing
through a given organization, which are subjected to processes recognizing data diagrams.
Thanks to the analysis of the stream, the data is immediately filtered and subjected to prepar-
atory activities to use them for a specific purpose. The key to business success is therefore
good data management [Integral Solutions].

Conclusion

The aim of the paper was to present selected ways and methods of the automatic data
acquisition and transfer directly from production lines, in the course of manufacturing pro-
cesses and emphasize the importance of the data acquisition in the decision-making process.

Implementation of solutions compatible with the concept of Industry 4.0 gives many
benefits, including easy access to data, or the ability to process and present them in a clear
and accessible form. Interoperability of devices of Industry 4.0 allows to connect them to the
Industrial Internet of Things (110T) in any factory environment [Bienkowski 2018].

The efficiency and cost-effectiveness of production depend on its organization to a large
extent. In this sense, the automation and reliability of data collection measurement is of par-
ticular importance. It contributes, among others, to reduction of production costs and increase
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in productivity, shortening the production cycle, reduction of unplanned and planned down-
times, identification and minimization of errors and inefficient operations. The use of a wide
range of different types of sensors allows for acquisition and transfer of data directly from
production lines. However, it is not the information itself that provides value, but also the
processing and management of data quality. Data management in the organization facilitates
not only every data activity, but also optimizes the work of the whole unit. Data is a resource
whose potential is in continuous development, which is why companies do not cease to col-
lect them. As it is well known, the knowledge on the current status of the production process
is of great importance in the decision-making process. Moreover, the possibility to monitor
in the online mode contributes to increasing the productivity and reliability of production.

In conclusion, it should be noted that without consistent high-quality data, companies
are exposed to threats such as loss of revenues, loss of valuable development opportunities
and damage to their reputation, which can lead to a serious weakening of their market posi-
tion.
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