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Abstract— As one of the fields of engineering, which is 

characterized by a high level of coupling between electrical 

engineering, mechanical engineering, automatic control, and 

computing is the field of mechatronics, which represents the 

synergy of all the above-mentioned engineering sciences. 

From the middle of the last century, when the word 

mechatronics was coined, to today, the peak of the fourth 

industrial revolution, the importance and presence of 

mechatronic systems have been increasingly pronounced. 

The importance and position of mechatronic systems and 

their inclusion in the educational process of electrical 

engineers will be discussed below. The method of organizing 

such a challenging syllabus using modern mechatronic 

stations of the Festo company at the higher education 

institution of the Faculty of Electrical Engineering will be 

presented as well. 
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I. INTRODUCTION  

The field of mechatronics is considered one of the 

newest fields of engineering, and the beginnings of its 

development date back to the middle of the previous 

century. In that period, the newly developed mechanical 

components also possessed certain electronic 

characteristics. Word mechatronics, a semantic symbiosis 

of words mechanics and electronics, was used for the first 

time in Japan in 1959, to describe a mechanical device with 

electronic characteristics. The definition of mechatronics 

lies in the name itself and can be interpreted as a field 

combing mechanical and electrical engineering. As the 

field of mechatronics has been developing through the 

years, nowadays it includes more than just two engineering 

disciplines. Today’s literature defines mechatronics as the 

integration of mechanical engineering with electronics, 

computing, and control systems managed to design and 

develop new devices and processes [1]. When defining 

mechatronics, some authors use the broader concept of 

electrical engineering instead of electronics [3], while 

others use the measurement field as a separate area in the 

synergies of mechatronics itself. What differentiates these 

definitions is the question of which field of electrical 

engineering represents the bearer of mechatronics, while 

mechanical engineering, automatic control, and computer 

science are its indispensable components. A schematic 

definition of mechatronics often used to demonstrate 

connections between mentioned disciplines is shown in 

Figure 1.   

 

Fig. 1 Schematic definition of mechatronics [2] 

Although defined as four separate sciences and 

technologies, computing, electronics, mechanical 

engineering, and control systems, are not isolated. The 

results of overlapping technologies occurring in the forms 

of subsystems as digital control systems or 

electromechanics, are also bearers of mechatronics.  

 

II. MECHATRONIC SYSTEMS IN INDUSTRY AND 

EDUCATION 

The fruitful connection between industry and 

educational institutions is based on mutual support and 

strong connections. On the one hand, the industry requires 

highly educated engineers from educational institutions, 

while, on the other hand, educational institutions require 

quality jobs for future engineers, as well as financial and 

technical support from institutions whenever possible. As 

witnesses of the fourth industrial revolution or Industry 4.0, 

we are faced with numerous opportunities in various fields 

of research: the Internet of Things, Artificial Intelligence, 

Machine Learning, and others. However, with numerous 

opportunities come challenges, such as how to adapt to 

revolutionary changes in the industry and how to 

implement new technological advances into the already 

existing education systems. The field of mechatronics is 

strongly represented in today’s industry and is one of the 

drivers of the 4.0 revolution [4]. Due to that, it is necessary 



17 

 

to strengthen the mechatronics syllabi and develop 

engineering skills during primary education. According to 

the statistical data from the company Recruiter, which 

predicts the employment trend of mechatronics engineers, 

an annual increase in the number of employed engineers of 

1.45% is expected over the next seven years. On the other 

hand, the analysis of current trends indicates a decrease in 

the number of jobs by 4.60% until 2017, when a new 

increase was recorded [5]. 

Based on information and statistical indicators, the 

Faculty of Electrical Engineering at the University of East 

Sarajevo has identified the importance of mechatronics 

and included it, in the form of the Modern Mechatronic 

Systems course, in the curriculum for undergraduate 

studies of electrical engineering at the Department of 

Automation and Electronics. The course is based on 

laboratory work performed by using didactic MPS 

(Modular Production Systems) stations developed by 

Festo, which represent scaled laboratory systems for 

educational needs. The systems will be discussed in the 

text that follows. 

 

III. DIDACTIC STATIONS IN THE EDUCATIONAL PROCESS 

The learning outcomes of the Modern Mechatronic 

Systems course at the Faculty of Electrical Engineering 

can be defined in a few points. After successfully 

mastering the material, students are expected to possess a 

high level of understanding of the operation of 

mechatronic systems, as well as the ability to select the 

input and output components of the mentioned systems. 

Apart from the demonstrated knowledge of individual 

production processes, the possibility of integrating 

individual simple processes into one complex arbitrary 

line is also expected. Successful completion of the course 

leads to a deeper understanding of software techniques for 

the programming and networking of programmable logic 

controllers as control units. As industrial robots present 

indispensable parts of mechatronic systems, one of the 

outcomes is the simulation of a robot’s operation in a 

production cell. With regard to the expected learning 

outcomes, laboratory exercises have been created and 

performed at the didactic Festo stations. 

Mechatronic MPS stations are functional, controllable 

models designed for training and learning the basics of 

automatic control in the industry. Through exercises at 

these stations, a student gets familiar with the most 

common sensors and actuators in production processes. 

The learning of basic programming languages for working 

with programmable logic controllers is also an important 

outcome. As these stations provide a wide range of 

practical work, they represent the basis of laboratory 

exercises at the Faculty of Electrical Engineering in 

subjects related to the field of mechatronics. A total of five 

mechatronic stations are available, as shown in Figure 2, 

each of which performs a unique industrial task. 

 

Fig. 2 Didactic stations position in the Industrial Automation Lab 

A brief description of each of these stations along with 

the function they perform is presented in the following 

section.  

A. Description of didactic stations  

Every MPS station has its own function that will be 

described according to VDI 2860 standard, as shown in 

Table 1. VDI is the official abbreviation of the German 

Engineers’ Association and VDI 2860 is a guideline with 

described prerequisites for a machine to be classified as a 

robot.  

TABLE 1 MPS STATIONS FUNCTIONALITIES ACCORDING TO VDI 2860 

Functionalities VDI 2860 description 

Distribution Fulfillment of bunkering and feeding 

of components with a possibility to 

facilitate sorting 

Processing Generic term for production steps such 

as forming, which is the creation of 

workpieces from formless substances 

Sorting Part of the handling function by 

changing quantities 

Testing  Part of the handling function of 

comparing specified characteristics 

resulting acceptance or rejection of an 

object  

Handling Changing or temporarily maintaining a 

specified spatial arrangement  

 

The distribution station consists of two modules: the 

stack magazine module for the placement of workpieces 

with a load maximum of eight, and the changer module. 

Load of the stack magazine is monitored by means of a 

through-beam sensor. The items placed in the stack 

magazine are firstly pushed-out by the pneumatic cylinder 

where they are distributed to the subsequent stations by 

using a charger with a suction cup placed at the end of the 

module. 

The processing station is a multi-function station with 

the following actions: to check the orientation of the object, 

to machine (i.e. by drilling) a correctly orientated 

workpiece and to supply workpieces to the subsequent 

station. These three functions are performed 

simultaneously through several parallel branches. This 

station consists of four modules designed to perform the 

described actions: rotary indexing table module, testing 

module, drilling module, and clamping module. 

Based on color and material as the characteristics of the 

workpiece: the sorting station sorts workpieces in three 
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sorting branches. It performs these functions through three 

modules: workpiece detection module with the defining of 

its characteristics, conveyor module to transfer the piece, 

and channel module to store the piece.  

The function of the testing station is to determine the 

material characteristics of the workpiece and to check the 

height. Based on this data, the workpiece is forwarded to 

the next station or rejected as defective. Testing the 

correctness of pieces is an important segment in the 

production process because of a reduced chance that the 

production will stop due to defective items. This station is 

equipped with independent modules: the module for lifting 

pieces to the first level, the measuring module, and a 

module with storage channels. 

Depending on the type of the workpiece, a flexible 

PicAlfa module with two axes and a gripper is used in the 

handling station. The piece is moved to the subsequent 

station or placed on designated supports. 

The mentioned mechatronic stations can be used 

separately to solve individual tasks. Combination of 

connected stations can be used to simulate a more 

complicated industrial process. Possibility of each station 

being a downstream station is shown in the following table. 

TABLE 2 

MPS 

Station 

Possible direct downstream stations 

D T P H S 

Distribution (D) CNP* CP* CNP CNP CP 

Testing (T) CNP CNP CP CP CP 

Processing (P) CNP CNP CNP CP CP 

Handling (H) CNP CNP CP CNP CP 

Sorting (S) CNP CNP CNP CNP CNP 

*CNP – connection not possible; CP – connection possible 

B. Programmable logic controllers 

Each of the mentioned stations is equipped with a 

Siemens programmable logic controller (PLC) which 

represents the control unit on which the control algorithm 

is executed. These PLC S7-300 [6] stations have a 

CPU314C-2 PN/DP module. This central processing unit 

contains 192 kB of working memory, 24/16 digital 

inputs/outputs, 4 analog inputs and 2 analog outputs. In 

addition, it contains 1 PT100 temperature transducer, and 

supports MPI/DP communication up to 12 Mbit/s. The 

processing time ranges from 0.06 µs for manipulation on 

bits to 0.59 µs in the case of performing floating-point 

arithmetic operations. The total number of blocks 

(organization blocks, data blocks, functions, and function 

blocks) is 1024. The maximum number of counters and 

timers is 256, where the maximum counter value is up to 

255, and the timer resolution ranges from 10 ms to 9990 s. 

The PS 307 5A module is used for power supply, with an 

output voltage of 24 VDC and an output current of 5 A. 

The MPI protocol can be used conveniently for 

communication between the programming station 

(personal computer) and the PLC in the lab.  

As the students mostly deal with sequential control 

problems in the given tasks, the S7-GRAPH programming 

language has been used for the implementation of control 

algorithms. This programming language, contained in the 

SIMATIC Manager software, is a graphical language 

based on GRAFCET (language for the specification of 

sequential control algorithms) pursuant to the DIN EN 

60848 standard (abbreviated IEC 60848). 

C. Input and output components of didactic stations 

Each of the described stations is equipped with many 

discrete components for input, predominantly switches, 

manual and electrical process switches (EPS). These are 

mechanical switches that change the state of their contacts 

under the influence of the operator or upon reaching 

certain values of process variables. Among the analog 

input components, the testing station has a linear position 

sensor: a potentiometer. The classification and list of 

stations and their input components are shown in Table 3. 

The output devices manage processes and their 

quantities. The described didactic stations are mostly 

equipped with electric motors and pneumatic cylinders as 

executive bodies. Most of the stations have pneumatic 

linear cylinders as executive bodies, while rotary cylinders 

can also be found. Pneumatic valves are used as control 

elements of the cylinders, often with other types of valves. 

The valve, that is being activated electrically, is used to 

direct the flow of the working medium, air in this case. The 

list of output components of the stations is shown in Table 

4.  

TABLE 3 INPUT COMPONENTS INSTALLED ON MPS STATIONS 

 

Input devices 

Discrete Analog 

Manual switches EPS* 
Position 

sensor 

Stations 
Limit 

switches 
Pushbuttons IS CS OS  

D 2 3 1 0 1 0 

T 0 3 1 1 1 1 

P 2 3 4 0 0 0 

H 2 3 0 0 2 0 

S 2 3 0 1 3 0 

*IS – inductive sensor, CP–capative sensor; OS–optical sensor 

 

TABLE 4 OUTPUT COMPONENTS INSTALLED ON MPS STATIONS 

Stations 

Output devices 

Electromotors Pneumatic cylinders 

 linear rotary 

D 0 1 1 

T 0 2 0 

P 3 0 0 

H 0 2 0 

S 1 2 0 

 

It is possible to form a visual representation of the 

described input and output devices, programming 

language and PLC as parts of the four engineering 

branches that belong to the defined area of mechatronics. 

Such a classification is shown in Figure 3. 
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Fig. 3 MPS components and their position in regard to four bearers of 

mechatronics 

By observing Figure 3, it can be concluded that 

students get comprehensive knowledge that is distributed 

all over the four mentioned engineering areas, which 

stands as a product of a course organized and implemented 

in the described manner. The key outcomes of such a 

course are the overview, description, and control of an 

industrial process, observed both as an individual task and 

as a part of an industrial production line. Each of the 

building units from the picture is accessed individually. 

 

IV. CONCLUSIONS  

The rapid and disruptive development of technology 

powered by the current fourth industrial revolution is 

directing industry toward becoming a well-connected, 

secure, reliable, and fast system where the position of 

mechanical systems occupies an important place. 

Mechatronic systems are the synergy of several 

engineering branches that uniquely lead to the 

development and improvement of industrial and 

manufacturing processes. Considering the position, 

importance, and future predictions, it was of great 

importance to offer and implement a course that concerns 

mechatronic systems during the undergraduate education 

of future electrical engineers. The didactic Festo MPS 

stations with Siemens PLCs have been used as the center 

of the organization of such a challenging syllabus.  
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