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[1] Abstract: The concept of virtual laboratories is becoming more and more applicable in the first place due to its efficiency. A 
virtual experiment is an experiment with the mathematical model of the system. This eliminates the need for a real laboratory. 
However, it is necessary to construct a precise mathematical model and an appropriate platform for an experiment. The 
proposed solution consists of three functional units: the teaching management system, the central PID system and the 
laboratory equipment integrated with the subject software and hardware. The central PID system consists of a software 
package that acts as a PID controller that ensures that each student has his / her login account in the central PID system. The 
software package offers the possibility of expanding the number of potential exercises on demand. The developed application 
is compatible with the teaching management software package and provides the opportunity to demonstrate the software and 
work in it without interruption to students through a group presentation. This model have been developed through the 
realization of the Erasmus+ project, WamPPP 561821-EPP-1-2015-1-RS-EPPKA2-CBHE-JP and practically is involved in 
the teaching process  
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1. INTRODUCTION  
 
The demands for faster network and availability of advanced services (voice, data, and video) with an appropriate QoS 
(quality of service), today present a serious challenge in the development of the modern teaching and researching 
process. Trend of globalization and competition are just some of the challenges we face every day. In addition to 
technology, this market also requires qualified personnel, whose education takes time, as well as contemporary teaching 
methods and environment [1]. Higher education in Europe has undergone major changes through the Bologna Process. 
The higher education faces with inevitable trend of globalization as well as our society generally. Today's information 
and communication technologies contribute greatly to the advancement of the educational system through introducing 
of innovative methodologies into the teaching process, such as distance learning, learning on processes in real time, etc. 
This last presents a good basis for further development of the application of ICT technologies in higher education, 
through the application of various network and wireless systems in effort to improve the quality of the teaching process 
[2]. From viewpoint of qualification framework/knowledge, the necessary skills, abilities and attitudes/, the necessity 
for implementation of integrated systems in the teaching process is necessary almost inevitable step. This step have to 
ensure the acquisition of knowledge, skills and habits. The integrated models should contain all elements of 
contemporary "learning", such as ``General Learning``, ``Everywhere Learning``, ``Enhanced Learning``, ``Extended 
Learning`` [3]. 
Also, integrated model have to be in line with the requirements of traditional classroom teaching, laboratories, face-to-
face (f2f), hybrid or mixed teaching as a combination of teaching in classroom and teaching with the help of various 
technology as well as on-line lessons [4]. 
Today, the concept of a virtual lab is increasingly more applicable in the first place due to its efficiency. A virtual 
experiment is an experiment with the mathematical model of the system. This eliminates the need for a real laboratory. 
However, it is necessary to construct a precise mathematical model and an appropriate platform for the experiment [5, 
6]. The application of virtual laboratories has special advantages if we focus on a wider circle of users. The advantages 
are numerous and range from the possibility of remote access to resources, the unlimited number of repetitions of the 
experiment and the simulation of process to the possibility of realizing rapid analyzes and processing the results of the 
performed experiments, to the possibility of transferring practical knowledge at a distance [7, 8]. 
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Our solution comprises three functional units: a) Teaching process management system b) The central PID system c). 
Laboratory equipment integrated with a course software and hardware controlled by Nucleo F411 RE board (fig.1) [9].  
. 

                                  
Figure 1.  Block schema of ICT platform 

 
 
2. TECHNICAL REQUIREMENTS (FUNCTIONAL DESCRIPTION OF THE SYSTEM 
 
2.1.  HARDWARE PLATFORM 
 
As we already mentioned, our integrated system, consists of three functional units: a) teaching management system, b) 
central PID system and c) laboratory equipment integrated with the subject software and hardware. All this is controlled 
by Nucleo F411RE board [10]. The teaching management software package should support the operating systems 
Windows, Linux, Android, IOS, Mac, with the stated functionality being understood as the Windows operating system, 
where some of the functionality does not need to be supported on other operating systems. Management software must 
generally support work from both subsystems (central PID system and lab work). 
In general, interactive learning provides the following opportunities: Transferring a work screen by teachers to student 
computers, transferring voice from teachers to student computers, demonstrating specific content to a specific student, 
networking video content for all students, networking the camera's content for all students, an interactive board where 
all students can participate. 
From the point of view of control and assistance to students, interactive learning should provide: student computer 
monitoring and control, internet access control, media access control (CD, USB Disk), application control, printer 
control, screen control (screen darkening during lectures). Furthermore, it is often necessary to provide remote 
commands on a student computer such as running applications, opening a remote site on a student's computer, and 
remotely starting a computer. 
The management of open-circuit systems is based on the set algorithms. These algorithm are based on knowledge of the 
functioning of a managed system and do not affect it changes in output variables or interference. The algorithm of such 
functional management is usually defined in the design of the system, and then the corresponding device is 
implemented. 
  
The PID controller, is the part of the automatic control system that performs the control function (fig.2). The essential 
task of the controller is to generate a measurable output size by generating the control signal to the reference value 
given by the signal [10-11] 

. 

 

Figure 2. Automatic feedback control system with controller. 
 
For a feedback system, the input signal in the controller is an error signal obtained as the difference between the 
reference and the output signal. The controller is characterized by a transfer function H (s) which should enable the 
generation of an output signal that will provide the desired behavior of the system [12]. 
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In the case of the displayed system, the central PID system consists of a software and hardware part. The software part 
represents a software package that acts as a PID controller that ensures that each student has his / her login account in 
the central PID system. The hardware is conceived so that it can be accessed from any computer through the network 
access and manage the PID parameters. This conceptualized system allows the simulation of the appropriate industrial 
and production processes in real time. 
Hardware is a set of several parts of which the air hose is made of plastic. The effective tube length should be at least 
one meter and transparent to allow students to see sensors and other elements in the tube. The fan creates a flow of air 
through the tube and can be controlled by a potentiometer (manual) or programmable. The fan speed is measured by the 
voltage of the signal ranging between 0V and 5V. The normal fan speed will be defined as the maximum speed. (It is 
not necessary to know the volumetric airflow). The air is heated by electric heaters. Heater supply is controlled by a 
voltage in the range between 0V and 5V that connect and disconnect the main voltage on the heater via PWM. The 
presence of a PWM signal is indicated by a light indicator. The PWM device requires a 24 VDC power supply from the 
AC / DC converter. Two temperature sensors are built into the system 
Both sensors must be equally calibrated. Sensor signals must be voltage in the range 1V - 5V. This voltage range must 
correspond to a temperature range of 20-60 °C with a linear relationship between the ranges. An analog I / O device 
must be able to accept the above voltage ranges [9-13].. 
 

2.2 NUCLEO F411RE DEVELOPMENT BOARD 

Generally solution is based on the NUCLEO F411RE development board which is programmed to enable the 
acquisition and installation of digital and analogue signals from a specially developed application on a PC. A 
microcontroller is programmed to function as a slave, i.e. to react to the commands obtained from a PC application via 
serial port. The setting of an electric motor reference speed value has been enabled, as well as that of the PID controller 
parameters via the application programmed in the MATLAB. The application was developed in MATLAB GUI so that 
one can enable easier data processing in the course of work. One of the suggestions was to develop application in 
Python, so as to reduce software cost. From the beginning the good sides of creating an acquisition board are a great 
input and output organization flexibility, a larger number of inputs/outputs, as well as the price (the material for the 
realization of one platform cca 100 e + energy electronics + apparatus). Likewise, the possibility of further system 
upgrade is large, but it implies a vast knowledge of embedded programming, of electronic board development, as well 
as of programming and working with MATLAB software. The bad sides of this approach are reflected in the time and 
cost necessary to develop MATLAB software (unless one uses Python). Also, the speed, as well as the precision of a 
signal acquisition would be smaller than using commercial solutions specialized for this purpose [10].  

The presented solution is based on the NI USB-6008 acquisition card (which was available at the time). One of the 
remarks was that the card is out of date and that one should use the more recent NI USB-6001 card, which is cheaper 
and has better performance. The card enables the acquisition and installation of digital and analogue signals from a 
specially developed application at a PC. The application is developed in the LabVIEW software. A card is simply 
attached to a computer and other peripherals. The setting of an electric motor reference speed value has been enabled, as 
well as that of the PID controller parameters via the application programmed in LabVIEW. The good sides of this 
approach are reflected in a shorter time necessary for its development, so one can dedicate more time to develop 
different apparatus. The possibilities of a further system upgrade are greater than with the previously described solution, 
since one does not need the knowledge of embedded programming, and the software is more intuitive for the beginners. 
The bad sides are the price, fewer inputs/outputs, as well as the price of the LabVIEW package. 
 
3. DESCRIPTION OF THE SYSTEM FOR THE CONTROL OF THE TEMPERATURE AND 
APPLICATION OF THE P-I METHOD OF SETTING 
 
The subject of management is a system where it is necessary to regulate the temperature. The system consists of a 
chamber representing an interior in which temperature control is performed, an air-heater heater, a fan that allows the 
air flow through the chamber and the sensor for measuring the temperature and air flow [10-13]. 

 

 
Figure 3. The temperature control system 
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1. The chamber is made of transparent plastic tube length of 1 meter.  

2. The heater serves to heat the air in the chamber. The supply of heaters is controlled by a control voltage signal 
in the range of 0-5V. The control signal values in a given range are obtained using pulse width modulation (Pulse 
Width Modulation - PWM).  

3. The fan allows the movement of air through the chamber. 

 
The temperature sensor is used to monitor the current temperature and the education of the control system. The 
measuring range of the sensor is from 20-60 ° C, and this measuring range with linear dependence corresponds to a 
voltage value of 1-5V. According to the nature of the process, the most appropriate structure of the regulator is PI. 
There is a simple method that allows adjustment of PI controller parameters, without bringing the system into 
oscillations. This method consists from following 4 steps:  

 Bring the system to a nominal or other desired state by setting the voltage Uo in manual mode.  
 Set the initial parameters Kp = 0, Ti = ∞, Td = 0, and switch the system to the automatic mode. Increase the Kp 

value until the response image of the system achieves the desired stability in a sudden change in the reference 
value or by setting the disorder (if possible). It is considered that the system is sufficiently tuned if, when 
changing the reference, the new set value is achieved with a slight leap, but also with good damping.  

 Set the parameter Ti to be equal to 1.5 ꞏ Tou, where Tou is the time between the first two extremes of the skip 
(one positive and the other negative) when controlling with the P regulator. 

 With the set PI controller, observe the system's response to a jump start or change of reference. Due to the 
nature of the integral effect, the response of the system may be more unstable than with P effect. If it is 
noticeable that the system is too unstable, it is necessary to reduce Kp to 80% of the initial value 

 
4. DETERMINATION OF PARAMETERS AND TESTING OF SYSTEMS WITH PI REGULATOR 
 
Before the setting of the parameters of regulator, we have make a choice of selection period with Ts=0.1s. and system 
filtration is set by averaging measurement with 10 samples. System is set in nominal mode. In this mode, manual 
control is set on zero. In order to determine the parameters of the PI controller, it is necessary, initially, to select the P 
type of the regulator and set the Kp value to ensure that the system has a leap and a good damping, after skipping, 
without too much oscillations. In order to determine the parameters of the PI controller, it is necessary, at first, to select 
the P type of the controller, after that we have set the Kp value of the action in order to ensure that the system has a leap 
and a good damping, after skipping, without too much oscillations. In this case, we decide to set value Kp = 3. After 
entering values for Kp and set reference temperatures to 32 ° C (the current temperature was 27 ° C), the system was 
switched to automatic mode. After a time of 1:12 min, the system had a leap (Fig. 4) and at the time of 1:42 min, the 
system reached the first value of the extreme - positive (Fig.5). 
At 3:11 min, the system reached the second value of the extreme - negative (Fig. 6). In the further work, the system has 
shown that it has good damping, without too much oscillation, indicating that the value of the parameter Kp = 3 have 
been well selected. Based on the knowledge of the time of the first and second extremes, the Ti parameter was 
determined by the product of the time Tou = 89s and the coefficient 1.5, so that Ti = 133.5. 
Based on predetermined parameters of Kp and Ti, PI regulators, the system was tested by setting up a jumpy reference 
change, that is, the system response to the change in the reference temperature was monitored. After entering the 
parameters of the PI controller and switching to the automatic mode, the desired is set, i.e. a reference temperature of 35 
° C, while the current temperature was 28 °C. By monitoring the operation of the system, it was determined that the 
system had a good response and that the reference value of the temperature was reached relatively fast, at a time of 1:19 
minutes, with a smaller leap of about 14% (1°C) of the value of the reference change (Fig 7). 

Figure 5. A leap of system in  t=1:12 min Figure 5. System reaceh the first positve extremum  
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Figure 6. The system reached the second value of the extreme. Figure 7. Response of system on spring change and 
overlap

 

Figure 8 . Stationary state of system. 

 
In stationary state, the system monitors the set temperature with deviations of less than 1 °C, which is satisfactory, 
given the nature of the sensor's measurement and the entire system (Fig. 8). 
Take into account a small oscillations that the system shows in the stationary state, it is easy to conclude that control 
shows good results and indicates that the parameters Kp and Ti are well defined, and the regulator PI meets set 
requirements for temperature 
 
4. CONCLUSION 
 
Today, information and communication technologies are a key factor in the development of the education system, by 
introducing innovative methodologies into the teaching process, such as distance learning or, more generally, electronic 
learning. The concept of virtual laboratories is becoming more and more applicable in the first place due to its 
efficiency. A virtual experiment is an experiment with a mathematical model of the system, which eliminates the need 
for a real laboratory. 
The presented solution consists of three functional units: the teaching management system, the central PID system and 
the laboratory equipment integrated with the subject software and hardware. The teaching management software 
package should support Windows, Linux, Android, IOS, Mac operating systems, with the aforementioned functionality 
implied on the Windows operating system, where some of the functionality does not need to be supported on other 
operating systems. With this model, interactive learning provides the following possibilities: Transferring a work screen 
by teachers to student computers, transferring voice from teachers to student computers, demonstrating specific content 
to a specific student, networking video content for all students, networking the content of the camera to all students, 
interactive whiteboard where all students can take part. 
On the other hand, from the point of view of control and assistance to students, interactive learning should provide: 
student computer monitoring and control, Internet access control, media access control (CD, USB Disk), application 
control, printer control, screen control (screen darkening in during the lecture). Furthermore, it is often necessary to 
provide remote commands on a student computer such as running applications, opening a remote site on a student's 
computer, and remotely starting a computer. 
The complex system thus constructed, ultimately allows students to work and manage the appropriate systems in real 
time, which has been a major drawback so far. Also, the work of the student is under the supervision of the subject 
professor or assistant, which enables the student's independence on the one hand, and on the other hand, safe work. 
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