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Abstract. In the world of global competition, customers have increasing demands that companies must meet in
order to remain active in the global market. For this reason, it is necessary to use new technologies in the production
processes, i.e. to implement Industry 4.0. In other words, we need to create a connected company through the digital
transformation that enables production processes to discover new ways to increase productivity and improve overall
business performance. Companies need to get involved and start a digital system, and from supplier to customer. It is
a key to the hidden value that can contribute to the company’s productivity, compliance, profitability, as well as the
quality of the finished product, and eventually the introduction of flexible industrial automation of production pro-
cesses. The aforementioned technologies and Internet of Things connect the physical and virtual world with a purpose
to better collect and analyze data, transforming them into information that reaches decision-makers. To do this, it is
necessary to implement smart sensors that provide information at all times. The implementation of Industry 4.0 in
production processes is unthinkable without smart sensors and provides the following: faster product development
time, lower overall costs, improved use of production processes and their optimization, as well as company risk man-
agement. The paper will outline the motives for the implementation of smart sensors and applications of smart sen-
sors in production processes.

Keywords: production process, smart sensor, Industry 4.0, production automation, digital transformation, flexible au-

tomation.

1 Introduction

There is a steady increase in global demand in the
world, which puts constant pressure on the world produc-
tion industry, so companies have to constantly increase
productivity and product quality. In order to survive in
the global market and meet the above requirements, most
companies in the world are using new technologies that
monitor production data, monitor production processes,
change and adjust the parameters of optimal production,
thus creating new business values. Implementing the new
technologies that form the core of the Industry 4.0 (smart
technologies) in the production processes, real-time con-
trol is obtained, as well as information available on the
platforms and devices that monitor the company’s pro-
duction processes. Industry 4.0 increases productivity and
improves the overall business performance of the compa-
ny. Smart sensors are the foundation of Industry 4.0.
They present the sensors with integrated electronics, a
combination of sensors with a microcontroller, which can
perform one or more logical functions, two-way commu-
nication, and store data for future analysis. They have

new applications and new features that can perform
communication with other devices. Smart sensors are an
integral part of integrated systems, mainly because of
MEMS (micro-mechanical systems) manufacturing tech-
nology, which performs functions that could not be per-
formed before or that were not economically viable.
Smart sensors have built-in communication modules with
which they can exchange information and communicate
with other objects, as well as built-in signal processing
components, which is the goal of the Internet of Things
(10T). The Internet of Things / Digitization / Industrial
10T is a network of devices that are connected and mutu-
ally communicating [1-8, 10, 11]. By implementing the
basic Industry 4.0 technologies in the production process-
es, including smart sensors, the company can improve
productivity gains with continuous advancement, im-
prove performance of the production system, improve
business adaptability by quickly responding to market
changes, improve product development time through
efficiency system design and the integration of the pro-
duction process itself, extend the product life cycle, se-
cure environment and reduce energy consumption, miti-
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gate security risk to assist with important tools such as
people, equipment and information, etc. A new way of
managing production processes aims to improve perfor-
mance, better use of the existing data, and use a combina-
tion of tools that can act to improve the system or produc-
tion process. By implementing the new technologies of
Industry 4.0 each company will have an advantage and be
competitive since technology continues to drive innova-
tion. The digitalization throughout the company, and the
integration of processes, serials, and discrete drives shift
the company towards one connected infrastructure, thus
increasing efficiency and productivity across all segments
of the company. When we have access to production data
in the production process at any time in real-time, it al-
lows us to monitor and improve the performance of the
production process itself, or we can have insight into
energy consumption so that we can make the decision to
supply energy at optimal prices or manage peak energy
consumption. Companies implementing Industry 4.0 have
new visibility that will enable them to provide value-
added services, and a competitive advantage for product
design, thus increasing the company's revenue [9-11]. In
order to monitor parameters and any other data from the
production processes, we need to implement smart sen-
sors that deliver the data and connect them to the tech-
nology to be visible and controllable.

2 Research Methodology

2.1  Integration of smart sensors with other devices

Sensors are devices that convert an input signal into an
electrical analog or digital output that is readable. The
sensor converts a physical parameter (e.g. temperature,
speed, humidity, etc.) into a signal that can be measured
electrically. Sensors work by receiving a signal from a
device such as a transducer, then respond to that signal by
converting it to an easy-to-read and understandable out-
put. In other words, the transducer converts one form of
energy to another, while the sensor consisting of the
transducer converts the output of the transducer to a read-
able format. Sensors are used in all aspects of life to de-
tect or measure different conditions. Many companies in
the world have developed different sensor designs to
measure different physical sizes. Many changes are hap-
pening every day in all industries, including the transfor-
mation of production processes, the increased flexible
automation of production processes, new form of delivery
of finished products, and new way of consumption, as a
result of the implementation of Industry 4.0, which is
based on new technologies such as the 10T, 3D printers,
robotic technology, radio frequency identification, etc.

The application of the aforementioned Industry 4.0
technologies would not be possible without the use of a
smart sensor. Based on Figure 1, which presents a sche-
matic illustration of a smart sensor, we see those smart
sensors with built-in 10-Link (the first standardized 10
technology in the world (IEC 61131-9) for communica-
tion with sensors and actuators) act as standard 1/0 sen-
sors used until they connect to the 10-Link Master
[16, 17]. When the sensors are connected to the 10-Link

Master, we are able to access all the advanced data and
configuration capabilities that 10-Link has to offer.
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Figure 1 — Schematic illustration of the function
of the smart sensor

Many companies in the world have developed a range
of smart sensors for temperature, pressure, speed, prox-
imity sensors, photoelectric sensors, laser sensors, etc.
The leader in the implementation is company Rockwell
Automation from the USA. Due to limitations, we can
show only a small fraction of the design solutions of
smart sensors in Figure 2 [16, 17].
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Figure 2 — Smart sensors of different construction designs

The application of smart sensors in production pro-
cesses has been greatly simplified through the standardi-
zation of process data and the latest developments of 10-
Link devices with regard to self-interface and integration
with many different engineering tools. If they are smart
sensors with variable parameters, they allow us to change
their parameters in a moment, which is one of their good
features. Their adjustment to the subsequent parameters
can also be executed in a moment, because changes in the
production process are automatically delivered to the
smart sensors, and they can be adjusted for that produc-
tion process. The advantage of smart sensors is that the
staff does not have to remember the multiple processes of
instructing the sensors. In addition, we constantly have
information not only about the monitored parameters but
also about sensor damage, sensor replacement when nec-
essary, whether the lens is dirty or clean, etc. Multiple
profiles can be stored with smart sensors to support flexi-
ble image production 3.

The storage function, which ensures that device pa-
rameters are automatically downloaded, without tools,
after the device is replaced, has also been successfully
tested on various major devices and devices currently
available in the market. These are two key user benefits
when it comes to the practical application of 10-Link
technology.

Journal of Engineering Sciences, Volume 6, Issue 2 (2019), pp. B 8-B 13 B9



Master Configuration

ADC ADC , II
NG _.;3*' 2. :
> ¥y %

|

Allen-Bradley
10-Link Master

Sensor Configuration

Allen-Bradley Controller Allen-Bradley

10-Link Sensors

Figure 3 — Smart sensors connected to other
data-monitoring devices

The first smart sensor profile devices are already
available in the market. We need to mention that 10-Link
wireless devices are already in the implementation and
that a wide range of device classes are already expanded,
so 10-Link is increasingly used outside the traditional
manufacturing process automation. Decision-making data
is obtained and monitored with the help of smart sensors.
They are an integral part of the Industry 4.0 and tend to
improve production in the following: detection of defects,
efficient downtime, and maintenance planning, more
efficient supply chain management, increased efficiency
and productivity, rapid transition to the production of
another product, increase of safety and health of workers,
ensured high quality of production, reduced and planned
electricity consumption in the production process, etc. [9,
12, 13]. Unless we have information on what is happen-
ing on machines that are installed in production processes
minute by minute, it is impossible to maintain optimal
productivity and efficiency at any time, and we are una-
ble to avoid unplanned downtime and losses that occur in
the production process. The integration of smart sensors
provides the data we need to create a comprehensive
image at any point in the production process, making it
easy to apply and operate smart machines that increase
the productivity and efficiency of the production process.
Companies implementing Industry 4.0 have new visibil-
ity that will enable them to provide value-added services,
and a competitive advantage for product design, thus
increasing the company's revenue [9-13].In order to mon-
itor parameters and any other data from the production
processes, we need to implement smart sensors that de-
liver the data and connect them to the technology to be
visible and controllable.

2.2 The fundamentals of
implementation

smart sensor

The implementation of smart sensors in production
processes provides a comprehensive view of the produc-
tion process operation. Smart sensors are available for
every possible parameter from temperature to pressure,
flow rate, movement to distance, control of the accuracy
of the performed operation, and many others that we have
not listed. By knowing the current situation in the produc-
tion system and the condition of the sensor, we can en-
sure and timely identify any type of potential malfunc-
tion, including the sensor itself [16-18]. The application
of smart sensors with other necessary equipment in the
production process is schematically presented in Figure 4.
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Figure 4 — Schematic representation of smart sensors
implemented in the production process

Smart sensors provide a continuous flow of the valua-
tion process and diagnostic data. They provide a visuali-
zation system, information software and a programmable
controller such as the configuration shown in Figure 4,
which enables the company's connectivity, benefits, and
efficiency. Creating a connected company with smart
sensors and smart machines reduces the complexity of
production processes and errors. They simplify access to
available data that can help achieve overall equipment
efficiency and the average time between failures. The
real-time diagnostics allows optimizing preventive
maintenance and troubleshooting of problems that occur
in the production process, thus reducing the resolution
time by about 90 % [20]. Fully adjustable sensors im-
prove the production process, as well as reduce the
change time for each sensor. There is an option for auto-
matic device configuration to reduce the error when re-
placing the sensor itself. Within each production process,
there are many operations such as material handling,
material transport, performing certain operations, assem-
bly, packaging, varnishing, sorting, etc., where it is nec-
essary to install smart sensor so that we can have infor-
mation about the smooth performance of the operation or
task at any time. Work assignment execution can be bro-
ken down into smaller events such as control, counting,
indexing, ejecting, spraying, and transmitting, in which
smart sensor helps us detect changes in conditions associ-
ated with the action and event. When implementing smart
sensors in the production process, we need to identify key
operations within the production system and define the
focus area in which we need to verify the conditions. We
need to know what the system is doing or what we want it
to do, such as counting products, performing quality
checks, orienting parts, etc. We need to know the feed-
back for each function, and what conditions must be met
after each function in order to confirm that the function
was correctly executed [16, 17]. Once we have identified
the areas where the action is taking place in the produc-
tion process, it is necessary to analyze whether each area
is as important from the point of view of automating the
production process and monitoring the data important in
the production process. After obtaining the answer to the
question about the damage caused by the errors occurring
at that location, we decide on the application of the smart
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sensor, and determine the best position or location to
install the smart sensor.

2.3  Software

The statistical data on the implementation of smart
sensors wits service robots for logistics were downloaded
from the International Federation of Robotics (IFR), the
UN Economic Commission for Europe (UNECE) and the
Organization for Economic Co-operation and Develop-
ment (OECD). For the calculation of statistical descrip-
tions parameter and graphical presentation of data, we
used standard statistical analysis methods and software
system MS-Excel.

3 Results

It is a well-known fact that “Industry 4.0” is present in
all industrial branches in production processes for more
than a decade. Its application is continuously increasing,
including transportation, and supplying customers with
finished products. All new technologies, including smart
robots, are responsible for the development of robotic
technology, so there has been an enormous increase in the
application of service robots for logistics, as shown in
Figure 5 [11].
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Figure 5 — The implementation of service robots for logistics
in the world for the period 2008-2018 and estimated
implementation by 2022

Based on Figure 5, it can be seen that the trend of ap-
plication of service robots for professional use is continu-
ously increasing. In the last five years, the application
trend has gained exponential function, so that 271.000
service robots have been applied in 2018. The growth
trend in the implementation of logistics service robots is
also expected in the coming years, and it is estimated that
in 2022 around 520.490 units of service robots for logis-
tics in production processes will be applied. Company
Mobile Industrial Robots — MiR has developed various
designs of service robots for logistics (Figure 6), which
apply smart sensors. Many companies, including Mobile
Industrial Robots — MiR, have developed software solu-
tions and service robots for logistics to optimize internal
transport for heavy cargo pallets up to 1000 kg, as shown
in Figure 6.

Figure 6 - The role of smart sensors in freight transport
by service robots [14]

Mobile Industrial Robots — MiR service robots are col-
laborative and autonomous and can maneuver safely
around all kinds of obstacles. If a person comes out in
front of a robot, it will stop. Advanced technology and
sophisticated software allow the robot to navigate inde-
pendently and choose the most efficient route to its desti-
nation. When it encounters an obstacle, it automatically
moves around it and can divert the route to avoid stop-
ping or delaying material delivery thanks to smart sen-
sors. Another example of the implementation of smart
sensors in a single production process and setup site is
shown in Figure 7 [17].

Figure 7 — The application of smart sensors in the production
process of the process industry — Bottled product control

In the production operation of the process industry —
bottled product control, smart sensors were used for the
following: 1-Laser Measurement Sensor for bottle label
diameter control, 2-Color Registration Mark Sensor for
label registration, 3-Photoelectric Sensor A for detecting
products exiting the battery, 4-Photoelectric Sensor B for
label placement control, 5-Photoelectric Sensor for incor-
rect label control, and 6-Inductive Proximity Sensor for
control of bottle cap presence. We can implement smart
sensors in any production process depending on the role
to be performed.
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4 Conclusions

The development of new technologies has led to the
development of sensor technology, resulting in smart
sensors, which are continuously being developed and
implemented in all segments of society. Many developed
companies in the world are implementing Industry 4.0.
They are digitizing all processes from raw material to end
customers, which would be unthinkable without the smart
sensors that support Industry 4.0. The implementation of
smart sensors in production processes connects the com-
pany and reduces the complexity of production processes
and errors.

They simplify access to available data that can help
achieve overall equipment efficiency and the average
time between failures. There are many advantages of
implementing smart sensors in the production process,
some of which are: detection of defects, efficient down-
time and maintenance planning, more efficient supply
chain management, increased efficiency and productivity,
rapid transition to other product production, increased
worker safety and health, high production quality, reduc-
tion and planning of electricity consumption in the manu-
facturing process, etc. The paper presents an example of
the implementation of smart sensors in the production
process with the aim of encouraging decision-makers to
implement Industry 4.0 as soon as possible.
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Posib po3yMHHX JaTYHKIB Y BHUPOOHUYOMY Tpoueci Ta BnpoBaaxkenHi Inaycrpii 4.0

Kapaberosuu 1.1*, Kapa6erosua E.?, Maxmia M.2, T'ycak E.2

! Axazmemis Hayku Ta MuctenTsa bocnii i Iepuerosuny, By buctpuk, 7, 71000, M. Capaeso, BocHis i epuerosuna;
2 Vuisepcurer M. Bixau, Byn. 1. Jlio6isukiva, 77000, M. Bixau, Bocuis i ['epuerosuna

AHoTamis. Y CBITI M100aTbHOI KOHKYPEHIIIT KIIEHTH BIHCYBalOTh BCE OLTBII BUMOTH, SIKAM TIOBHHHI BiJIIOBIIaTH
IIPOMUCIIOBI MiAIPHEMCTBA, 100 3aIUIIATUCS aKTUBHUMHM Ha CBITOBOMY PHMHKY. 3 Hi€l IPUYMHU HEOOXiJHO BUKOPHC-
TOBYBAaTH HOBI TEXHOJIOTii y BHPOOHHYMX IIpolecax, BIpoBakyroun [HxycTpiro 4.0. IHmmMu cioBamu, moTpiOHO
CTBOPIOBATH MEPEKi KOMIIaHiH 3a JOIOMOroo 1u¢gpoBoi Tpanchopmallii, 110 JO3BOIUTH BUPOOHUYUM TIpOLIECcaM Bi-
JKPUBATH HOBI CIIOCOOM ITiABUIIECHHS MPOAYKTHBHOCTI Ta MOKPALIYBaTH 3aralbHy ¢()EeKTHBHICTH BUPOOHHUYOTO MPO-
necy. Komnanism motpiOHO mosrygaTucs 10 3amycKy HU(GPOBHX CUCTEM Bij MOCTayadbHUKA 0 3aMOBHHUKA. Lle mumix,
SIKMH CIIPUATHME ITiJBHUIIEHHIO NPOIYKTHBHOCTI BUPOOHUITBA 1 PEHTAOCNBHOCTI MiJIPHEMCTBA Ta SKOCTI TOTOBOL
MIPOJYKIT, a TAKOXX BIPOBA/DKEHHIO THYYKOI IPOMHMCIIOBOI aBTOMaTH3allii BUpOOHMYMX IpoueciB. BumiesazHadyeHi
TexHouoril Ta IHTepHeTy peuei MoB’s3yI0Th (i3UYHMIT 1 BIpTyaJbHUH CBITH 3 METOIO Kpamioro 300py Ta aHamizy Ja-
HUX, NEPETBOPIOIOYH X Ha iH(opMamito, SKa JOXOIUTH 0 0ci0, sSKi mpuilMaroTh pimeHHs. [y mporo HeoOXimHO
BIIPOBA/DKYBATH PO3YMHI NATYHMKH, AKI HAaJalOTh iHGOpMALi0 y pexXHuMi peaapbHOro dacy. BmpoBamkenns [amycr-
pii 4.0 y BupoOHHYI IpoIIecH, IO peasi3yroThCs 13 3aCTOCYBaHHIM PO3YMHUX JAaTYHKIB, 3a0€3Meuy€e 3MEHILICHHS 9acy
Ha PO3pOOJIEHHS NPOAYKTY, 3MCHIIIECHHS 3aralbHUX BUTPAT, YIOCKOHAJICHHS BUKOPHCTAHHS BUPOOHMYHX IPOIECIB i
X omTHMi3alii, a TAKOX peaji3ye SIKICHe yNpaBJIiHHSA pHU3UKaMH BHPOOHHYOI KOMIIaHil. Y CTaTTi BUKIAJCHI IUIIXN
BIPOBA/KEHHS IHTEJICKTYIbHUX JATYHKIB 1 X IPAKTHYHOTO 3aCTOCYBAaHHS Y BUPOOHHYHUX IPOIIECcaXx.

KuarouoBi cioBa: BupoOHHUMIT Tporiec, po3yMHuil aaTumk, [Hayctpis 4.0, aBromaru3aniss BUpOOHHIITBA, HH(ppPOBE
MEPETBOPEHHS, THyYKa aBTOMATH3aLli.
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