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Abstract. Industry 4.0 is gradually penetrating into different industries
that are starting to apply this concept intensively. This brings a wide range
of options that need to be exploited effectively. The list of areas in which
Industry 4.0 can find its use is expanding. At present, it can be said that
there is practically no area in which this concept could not be applied. For
its successful implementation, it is therefore necessary to look for
application options and to analyze and explore individual areas. Belt
conveyor transport is one of the domains that need to get ready for the
implementation of the Industry 4. The implementation of the concept in
this industry applies predominantly on the deployment of CPS' Internet of
things and Internet of service in the operation of the belt conveyor and,
consequently, the entire transport system. This paper presents the issue
with a focus on the field of belt conveyor transport.

1 Introduction
Belt conveyor transport is currently one of the most important systems of intra-company
transport in a wide range of industries. In order to facilitate its reliable operation it is
necessary to continuously carry out research that is targeted at various types of problem
areas. Presently, priority areas of research include issues related to automation of individual
processes, predictive maintenance and efficient operation.
One of the basic conditions for its reliable implementation is the monitoring of the
entire transport process. In addition to the classic approach, this requirement can also be
met with a more convenient form of online monitoring.
This approach also allows monitoring the transport on the conveyor belt [1]. With its
help, it is possible to monitor continuously the size of the material particles transported to
obtain a huge amount of data. This method can also be considered as highly efficient in
terms of further development of the belt conveyor transport technology used for the
transport of different types of materials.
The data obtained together with other parameters can be used primarily for the
maintenance of belt conveyors [2]. Further use of the data obtained is possible, for example,
in the implementation of various decision-making processes [3]. The monitoring of the
operation of belt conveyor transport thus progresses to the forefront as a trend indicating
the direction of further development of the belt conveyor transport sector [4].The ideas of a
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smart conveyor belt [5] are also emerging. [5]. It can therefore be argued that the belt
conveyor transport sector is gradually getting closer to alignment with the concept of
Industry 4.0.

2 Description of Industry 4.0
Industry 4.0 is an issue that is currently receiving a growing attention in a wide range
of industries. Since its introduction in 2011 by the German research and development
association for science and economics it has undergone progressive and increasingly
intensive developments. Its first application was planned as a part of a research program
aimed at maintaining Germany at a high technological level. At present, however, Industry
4.0 has already crossed the German border and is becoming the dominant industry concept,
which is expected to grow significantly after 2020.
After initial and often debatable applications, the possibilities of its application,
especially in the automotive and electrical engineering industry, gradually developed.
These are areas characterized by a high degree of mass production. At present, however, the
industry 4.0 concept and its partial tools are slowly being promoted in other industrial
sectors, in the form of cyber - physical systems.
2.1 Cyber – physical system
Cyber - physical system (CPS) is the operational basis of Industry 4.0. It combines two key
components of this concept: the internet of Things (IoT) and the Internet of Services (IoS).
Specifically, CPS combined with IoT and IoS creates a base for Industry 4.0.
This combination can be understood as a network in which different information is
continuously processed by various powerful software tools and specialized user interfaces.
CPS can be expressed in graphical form as a triangle whose vertices represent three
components - computation, communication and control (Fig. 1).

Fig. 1. CPS Principle. Source: [6]

According to [7], CPSs are broadly categorized according to the following
categorization:
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• 1st generation CPSs contain identification technologies such as RF Frequency
Identification (RFID) sensors that enable a unique identification of the device in which they
are fitted,
• 2nd generation CPSs are equipped with sensors and actuators with a limited range of
functions
• 3rd Generation CPSs can store, analyze, and process data over a relatively large scale, and
are equipped with multiple sensors and actuators.
2.2 Belt conveyor as Cyber - physical system
The CPS presents the integration of communication and computational structures and
tools with individual physical processes. The main difference between the CPS and the
embedded systems is the fact that CPSs are not separate devices, but networks of
interconnected devices that communicate with each other at a certain level.
A common embedded system is mostly a monitoring (control) unit that works with
several sensors. However, in order to meet the requirements for CPS, it is necessary for the
nested systems to define a communication interface that will provide data exchange and
data communication. Data can be intended for further use in other devices or storage in the
form of cloud storage. This means that data exchange over the network is done by
embedded CPS [8].
It follows from the above that if we want any conveyor belt to be considered a CPS,
then we need to have standard monitoring tools and devices connected to the network and
to conduct bi-directional data communication. This requires various existing embedded
systems (Fig. 2) or the design of new such systems.

Fig. 2. Example of embedded system for belt conveyor transport – smart roller idler. Source: Autor

3.2 Smart conveyor
Smart conveyor is a CPS consisting of any type of conveyor that performs two-way data
communication using a suitable communication protocol. Within this communication, the
data is transmitted in a compatible form and depending on the operation of the smart
conveyor. These data are then processed and evaluated in a suitable system. This process is
aimed at obtaining a wide range of different indicators providing information on the belt
conveyor operation process. From the obtained and assessed data, the control sequences can
be generated by means of an expert control system. These are subsequently sent back over
the appropriate communication interface to the conveyor control unit (Fig. 3).
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Fig. 3. Smart conveyor. Source: Autor

Such a CPS can be classified as a holonic CPS. The Smart Conveyor is in principle a multiagent system because it is made up of individual structural elements that are fitted with
sensing and control elements. Such a holonic agent is able to plan, coordinate, or even
actively perform an activity within an intelligent conveyor.

3 Application of holonic agents within an intelligent conveyor
Several options for creating holonic agents within an intelligent conveyor can be
considered, e.g. rollers in a roller idler, or a drum drive unit can be mentioned.
3.1 Roller
The roller as one of the basic parts of the belt conveyor is of a simple design (Fig. 4).

Fig. 4. A cross-sectional view of a belt conveyor roller. Source: [9]

Within the CPS, the roller is capable of providing a variety of information, e.g. rotation
speed, bearing temperature, contact pressure, etc. Using this information, it is possible to
monitor, for example, its durability [10-11]. This means that the roller, thanks to its sensor,
will transmit a multitude of data about the course of its operation, which will be assessed
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and compared with the defined measurement standard by the respective control unit. If the
received data deviate from the measurement standard indicating trouble-free operation, the
control unit sends a signal to the roller and it will signal the fault condition and the need for
operator intervention.
This means that the fault condition is self-diagnosed and the intervention of the operator
will be performed on the basis of precise instructions and identification of the fault site.
This procedure can be used in various situations including roller duration monitoring,
maintenance planning, monitoring of tribological aspects, etc.
However, for the implementation of such belt conveyor operation, it is still necessary to
solve a whole range of difficulties in the future in order to make the whole process possible.
3.3 Drum drive unit
The drive unit is another type of holonic agent within a smart conveyor. In addition to
similar functionality to the roller, it is possible to enable this agent to stop the entire smart
conveyor if necessary. The Stop can be done either on the basis of mutual data
communication between the individual holonic agents, or on the basis of an order sent from
the control unit. Within this type of holonic agent, a certain subset of CPSs can also be
applied in the form of an embedded system that will be equipped with a control algorithm
and a calculating unit, but this system must also be actively connected to the
communication network of the entire system.

4 Conclusion
Industry 4.0 is no longer just a concept that addresses a narrow spectrum of industrial
areas. On the contrary, it is increasingly necessary to look for further possibilities for its
application. Such areas include the transport of materials by various types of conveyors.
This process can not in any way be limited by the fact that at some point it is still not
possible to carry out some of the requirements because it is a secondary problem. The
primary task is to look for ways to implement and exploit Industry 4.0 ideas for conveyor
issues. The main goal to keep in mind is to make work easier and more efficient. In this
way, the conveyor can be a fully autonomous device that will be able to communicate with
other devices and systems. The result of such communication will then penetrate into
various areas of enterprise logistics and make it more efficient.
The present paper is a part of research grant projects VEGA 1/0063/16, VEGA 1/0403/18, KEGA
018TUKE-4/2016.
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