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The utilization of new technologies in electronics and industrial
Internet of Things (IoT) allows practical experiments to be
performed remotely. Remote laboratories have made it possible to
develop experimental courses and research during the Covid-19
pandemic. Given the importance of practical experiments in the
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study of academic courses, it can also be used as a complement to e-
learning. The development of electronics, control, mechatronics, and
computer network engineering provides a clear vision for (the)
development of Remote Laboratories in the near future. In this
article, the remote laboratory of electric machines in Shahid Mohajer
Faculty of Technology (Isfahan) was introduced as an example. This
network was based on LabVIEW software, Arduino hardware, using
PLC LOGO V8. In addition, the proposed remote laboratory network's
risk management and economic justification were evaluated. The
ability to extend remote laboratory networks to all universities, even
technical schools, was an important advantage of the proposed
remote laboratory network.
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EXTENDED ABSTRACT

Introduction

Our The utilization of new technologies in electronics and industrial Internet of Things
(IoT) allows practical experiments to be performed remotely. Remote laboratories have
made it possible to develop experimental courses and research during the Covid19
pandemic. Given the importance of practical experiments in the study of academic courses,
it can also be used as a complement to e-learning. The development of electronics, control,
mechatronics, and computer network engineering provides a clear vision for development
of remote laboratories in the near future. In this paper, the remote laboratory of electric
machines in Isfahan (Shahid Mohajer) Faculty of Technology was introduced as an
example. This network was based on LabVIEW software, Arduino hardware, using PLC
LOGO V8. In addition, the proposed remote laboratory network's risk management and
economic justification were evaluated. The capability to extend to all universities and
technical schools was an important advantage of the proposed remote laboratory network.

Methodology

This research was dedicated to the design and implementation of a practical example
of a DC machine remote laboratory (DCMRL) network. In addition, the development of
protection capabilities, safe operation and the use of direct current operators were
considered. For the design of the proposed remote laboratory, LabVIEW software and
Arduino hardware boards were used in order to make a data acquisition card (DAQ) and
actuator controller with proper performance accuracy and optimal cost compared to other
designs implemented so far. Figure 1 shows an overview of the concept of the national
remote laboratories network. The presented concept can be used under the concept of
central laboratories, whose policies have already been made.
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Figure 1. One-column illustration
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In the present study, two control scenarios were used according to Figure 2. The first
scenario was for monitoring and protection systems and the second scenario was
implemented by giving the remote user the authority to set process control parameters.
Due to the possibility of any event such as a speed drop or disconnection in the
communication between the remote user and the laboratory, in addition to the control and
observatory loop that can be managed by the user and remotely, a protection loop was also
installed on the laboratory computer system. If the user's connection with the laboratory
was interrupted for any reason, this protection loop was activated. Both of the above loops
were computer-based systems. When an error occurred on the laborator server; such as an
unplanned shutdown or a cyber-attack like DDoS that makes the lab server unavailable,
the emergency protection loop was activated sending two emergency stop signals. This
loop was the final loop which had a completely independent processor and constantly
observed the testing process. When the values and parameters of the test were out of the
allowed limit, it would shut down the test. This ring was an embedded system under the
control of a processor such as 16 ATmega and completely independent from the laboratory
server. The implementation of the tertiary protection ring was used for the first time in
order to improve the reliability and protection process of the remote laboratory in in the
current research.
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Figure 2. One-column illustration

Results and discussion

In Figure 3, the block diagram of the DCMRL on the educational set of the compound
electric machine is presented. Based on remote and real-time control of switches,
rheostats and the electronic H bridge in Figure 3, the desired experiments could be
performed in a laboratory set.
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Figure 3. One-column illustration

The specifications of the different parts of the proposed DCMRL according to Figure 4

are as follows:

1- Laboratory server

2- Observatory system camera

3- DC machine coupled to induction three-phase machine

4- Hand-on measurement panel

5- DAQ and actuator controller

6- 20A and 400V Programmable DC power supply

Figure 4. One-column illustration
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Conclusion

In this research, the network of remote laboratories was proposed as a standard e-
learning tool to complete the inefficiency of education based only on simulation and
financial limitations for the development of hand-on laboratories. As a practical
experience, the localized sample of the remote laboratory was implemented as a pilot in
the electric machines lab at Shahid Mohajer Technical College, Isfahan Technical and
Vocational University. In this paper, the hardware design of the proposed laboratory, based
on Arduino hardware with optimal accuracy and cost compared to other commercial data
acquisition cards (DAQ) such as NI company, which have an average price of 450 euros in
2022, was presented. Furthermore, the design of the tertiary protection loop presented
showed operational innovation in order to increase the stability and safety of laboratory
equipment under remote control. The proposed design of the tertiary protection loop,
which was completely independent of the computer system of the laboratory and without
the capability of connecting to the Internet (to prevent hacking and low internet speed or
disconnection), was presented. The use of the power electronic drive control system under
direct current provided the capability to make all the necessary changes for the full
implementation of the lessons of the direct current electric machines laboratory. The
results of the tests showed the optimal quality of this laboratory in online and network-
based performance. As mentioned, the use of remote laboratories can improve the quality
of presentations in online courses and also the preservation of university costs in the
discussion of equipping, repairing, and maintenance. In addition, taking into account cyber
security issues, by creating a secure network architecture and software and hardware
security loops, it is possible to guarantee the optimal and secure performance of the
remote laboratory's network. Taking into consideration the mission of the Technical and
Vocational University and the high scientific and operational potential of this university, it
has become an excellent target for setting up and developing a network of remote
laboratories. The establishment of the pneumatic remote laboratory has been completed
at Isfahan Technical Faculty (Shahid Mohajer). The ability to expand this laboratory
network to all university education centers and even technical and vocational
conservatories is considered one of its important advantages.
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