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Abstract

Remote laboratory concept has been one of the important research items during the Covid-19 pandemic where most of the institutions moved their classes to online and/or remote modalities. The impacts of Covid-19 pandemics were unexpected and the preparation for the remote lab concepts were minimal where face-to-face laboratory experiments have been common among Science, Technology, Engineering, Math (STEM) programs. For those academic programs who were not prepared for remote and online laboratory delivery have struggled to find out ways on how to deliver traditional face-to-face laboratory experiments to their students remotely where major equipment was necessary to utilize. Recently, researchers and companies have been investigating and working on remote laboratory concepts and integration to the curriculum. The popularity of remote lab is increasing due to Covid-19 pandemic and the improved speed of internet but still doe does not have much attention and knowledge about this area. The objective to this paper is to find the best current resource available for remote learning lab for STEM majors. The goal is to find a program, company, or university resource exchange to find the best optimal sources for remote learning through virtual lab, via doing it through the computers and doing control systems via the laboratories.

Introduction

The improvement of the internet-based services and the speed opened new avenues to offer remote laboratory experiments with actual lab equipment and object of investigations. Traditionally, the laboratory experiments in STEM programs have been conducted in physical laboratory environments required student presence. In the remote lab concept, the physical laboratory equipment can be accessed via remote to conduct labs. Depends on the setup of remote lab environment, an interactive lab experiment offered to students where lab equipment (devices, instruments) can be accessed via web-based servers. The users can send control commands through web-based server to execute commands for their experiments and collect or visualize results without being near the actual lab equipment. Remote lab access still offers performing physical actions such us controlling with hands, pressing buttons, speaking to microphones, and turning knobs etc. With the integration of cameras and sensors, the users can receive feedback and visualize the activities for the lab experiments. 

Remote labs offer a new way of implementing traditional lab experiments by allowing lab equipment and devices to be reached and utilized by students remotely through the Internet. The details including remote lab infrastructure, challenges to implement, existing options and feasibility for implementation, and advantageous/disadvantages the industry support will be covered in the paper presentation.

While researching this project, there are several scholarly articles that brought up the topic of remote learning. In this paper, the focus is on two major contributions for solving this issue on how to create an active learning environment remotely. One is a German university that used a software like LabVIEW to do the classes remotely online, they called it the ELLI project (Effective Lifelong Learning Inventory). The other work is a generic Human Machine Interface (HMI) project, which was completed in an Indonesian university focuses on an internet-based PLC software. There are current studies on Virtual reality (VR) technology, as well as cooperating with companies that will work with universities for students to do hands on learning experience at home. This study focuses on the PLC side of remote learning and applied to a hydraulic system to simulate the operation.  They also used remote learning by virtual network computing (VNC) to have a communication base client with user and the server computer whenever they need to do lab work. Researchers at Southern Texas University have worked on how a remote laboratory was established and utilized [1-5]. 

 Internet base learning environment has been the subject of several scholarly work as well as commercial products and services. For starters there is apparently a German collaborative program from three universities, which they are [2] RWTH Aachen University, Ruhr-Universität Bochum and TU Dortmund University. All located in the Federal State of North-Rhine Westphalia, and the program is called the ELLI project, “Excellent Teaching and Learning in Engineering Sciences.” What it does is supposed to enhance the learning environment from engineer students and better experience in remote lab. This technology is used in Labview and other robotic courses for students to take control of a lab work and remotely controlling the robot’s arm for example without the need to be face-to-face class.  

Another study on how using a tool called NI ELVIS (Educational Laboratory Virtual Instrumentation Suite) is using Labview and Multisim for remote learning base. The system uses the Labview Remote base option by connecting to the internet and using WAN (Wide Area Network) to do lab remotely and connect to the machinery you need, best for control system engineer and electrical engineers [1]. 

Two recent articles have raised the question on remote learning and its positive impact over traditional teaching practices and how we would adapt this remote technology easier for all institutions. Researchers studied how the technology would grow over time as people with families, jobs and other complications would affect the learning environment, and they showed that remote learning is becoming very convenient each year, specifically since the pandemic has started. Students in engineering majors have used NI LabVIEW and a generic PLC software to design and implement a remote digital tool called weblab using Unified Modeling Language (UML) for several engineering and technology-oriented curriculum [3-4].

A group of faculty members at Carnegie Mellon University have developed VR technology-based service to the public school system, called xennial digital that provided lessons and examples for students to work on remotely. This is a promising and inspirational idea to implement VR technology into engineering students to do assignments or lab work virtually in a fun way [9]. 

Remote Lab Options 
One of the challenge universities have to overcome is the limited options faculty and students have to face when doing lab assignments. There are different remote options available for the universities to choose to help variety of engineering majors to overcome a barrier when conducting experiments without having face to face opportunities. A number of articles were published from 2008 to 2021 in the field of remote education using VR and AR technologies. The pandemic provided a lot of opportunities to fund these projects in many developed countries. Take home equipment, VR technology, internet simulation is just some of the ideas that have been applied to useful work for remote education. This paper will report the difference between multiple remote technologies to fit better for the needs of different learners. 

Using a remote access software called WebLab, which was designed and implemented an easier way to expand the hardware and software for new lab experiments, provided students 24/7 access to learn at their own pace [3]. Compared with traditional National Instrument (NI)’s LabVIEW and myDAQ which require equipment in the labs, the WebLab has provided opportunities to emulate variety of engineering experiments without sharing or physically using equipment. However, lack of physical problem solving, and hands-on experience related with the instruments and equipment may still be a challenging problem to solve. Figure 1 depicts a WebLab-based functional block diagram that describes the layout of how students conduct an experiment to control water flow in tanks using a UML node.  
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Figure 1. UML node diagram of a WebLab system to control water flow in tanks [3]
ELLI project is another remote learning platform developed at TU Dortmund University in Germany in 2011. ELLI is an acronym of “Excellent Teaching and Learning in Engineering Science” translated from German. A German National Academy of Science member engineer developed the ELLI project that supports students need for remote learning.  This work included a collaboration with four universities in Germany, the Federal State of North-Rhine Westphalia, RWTH Aachen University, Ruhr-Universität Bochum, and the TU Dortmund University.  The outcome of the ELLI project was establishment of well-designed platform, Massive Open Online Course (MOOC) for remote students worldwide. This work enhanced student success particularly during the pandemic providing students an easy access to engineering laboratories at any time of the day from their home computers as seen in Figures 2-3 [9-10]. [image: ] 
Figure 2. Remote Laboratory at IUL: Lab Client (left) and testing cell (right) [9-10]

The industrial robot shown in Figures 2-3 robot is equipped with multiple cameras where and students who connected to the lab platform may easily observe all corners of the engineering lab precisely in real-time. 

[image: ]

Figure 3. Tele-operative testing cell for material characterization [2]
Students can adjust the robot, modify the parameters or the specimen test that they are working on and download the test data to their own personal computers at remote location. This specific remote lab was first designed for mechanical engineering students, then further developed for electrical engineering students with feedback control system fundamentals. Students may use Graphical User Interface (GUI) to test the four corner regions including the parameter settings, experimentation actions, real time data processing, and experiment video stream in real-time. This work has resulted in a state-of-the-art simulation with almost all the advantages of face-to-face education that brought students to the laboratory environment virtually. Mechanical engineering students studied how to design a security component for a vehicle using Finite Element Method (FEM) to simulate a generic production process for manufacturing industry [9]. 

The remote technology can also be used in NI LabVIEW by using a PXI-system connecting in an NI platform to control all machines and peripheral equipment. Figure 4 shows functional block diagram of a safety system containing a PLC controlled camera system, emergency stop, and analog/digital measurement modules to complete the remote experiment successfully.   
[image: ]
Figure 4. Structure of the communication interfaces [2]
[image: ]The outcomes of both the WebLab and ELLI projects were very successful as they merged theory in lectures and the practical skills in the laboratory environment using remote lab concept and free resources provided by the MOOC. Unfortunately, both the WebLab and the ELLI projects have been utilized only in the collaborated institutions as well as designated German universities and the platform was not able to be applied to worldwide yet. However, these remote learning tools are simplified and learning impacts of the theory and the practice are provided freely with demonstration purposes with the name of MINT ReLab-MOOC as seen in Figure 5.  

Figure 5. Concept of the MINT ReLab-MOOC to combine theory and practice complemented by simplified videos [2]
Figure 6 depicts a sample screenshot of the user interface for a cupping test with the laboratory project steps and major accomplishments are highlighted and labeled. 
[image: ]Figure 6. Screenshot of the user interface for a cupping test with the laboratory project steps are highlighted and labelled [2]
Researchers at the University of Pendidikan in Indonesia introduced remote learning concepts for mechanical engineering students, specifically for those who study in hydraulics. They simply designed a Human Machine Intreface (HMI) platform and Internet of Things (IoT) for virtual laboratory-based experiments to eliminate Pandemic-related problems, challenges on student crowd in face-to-face education, and lastly reducing the cost for a major Hydraulics design laboratory [6].

The method was based on design of an actuator that can move on a PLC trainer using a conveyor and capacitive proximity sensor to provide students ability to precisely control on the HMI through the server computer. They used the local server publication to access the Internet by receiving the public IP address.  A webcam camera connects a PLC module onto an Ethernet port to enable a basic remote learning as seen in Figure 7 [6]. 

[image: ]Figure 7. Laboratory virtual architecture [6]
Due to the increased demand on remote learning concepts, this initial project produced very positive impacts in the academia. The results for the remote learning were essentially using the ThinVNC as a tool for web remote access client for easy-to-use communication with any browser plugin [6].  After installing the ThinVNC in personal laptop or computer that acts as a server, then students use a web browser to connect to the designated remote lab workshop and complete their work there.  Students can also write a simple a PLC program as an interface to display their data and work their projects remotely. Students can design their HMI using a PLC programming and after they finish making the program, they would transfer to the Cx-Designer or Sysmac Studio app to display their simulation experiment. Once that is done, a GUI would pop up for the students to interact and initiate the experiment they are working. The student outcomes of the experiment in the virtual laboratory using HITML-5 and IoT were a success in that trial experiments for the students. Students reported no issue using the software and they have conducted their experiment with ease. The ultimate goal is to have an easier access through Remote Desktop System to conduct experiments at the comfort of their homes or anywhere in that matter.

Virtual Reality Technology Option
Remote learning doesn’t have to be restricted to online access or Zoom style teaching, it can also be something fun and entertaining such as VR technology. Since the pandemic hit more and more schools are consider different ideas and one idea that Professor Caspar from Carnegie Mellon University have decided to be experimenting on VR technology. By using the available resources VR is offering they can make virtual rooms and port their lecture in a virtual classroom setting to teach the class, one sophomore student named Nancy Zuo [10] majoring in cognitive science and a minor in human-computer interaction, had a VR headset and was interacting with other classmates in this experimental classroom setting. 

There is already an increase of demand for VR learning, schools from across the nation have started to experiment VR remote learning such as a company called xennial diaital [11] is offering schools through K-12 to use their VR technology for learning math and science subjects. If universities that focus on engineering major students, there could be a very good demand on robotics and engineer professors that wanted to implement this technology to teach students to work on robotics or designing circuits via VR. Sam Houston State University already have a VR club and a building to host VR rooms, they could potentially have the funding to expand VR program to supply more VR sets for students and start remote learning or if students already have VR, then is better for both the students and the school. In fact during the interview, I had with Dr. Xuemin Chen from the Texas Southern University he published a paper that includes VR technology using a software called “Virtual Reality Modeling Language” (VRML) and Java 3D to simulate virtual lab experiments [12]. The purpose of it from his paper was to show how students can be encouraged to fail from their mistakes without causing any real harm to the equipment and to themselves, meaning they can conduct the experiment as many times as possible without worry about the consequences. 

Lastly there is Quanser a company that focus on research and working with universities to provide lab works for students in focus on education. The universities can partner up this company to provide lab tools for students and they can use that lab equipment to work at home rather than in the lab. 
Conclusion

This is all there is in remote learning options, the ELLI project and HMI is already implemented in their home countries but not world-wide. However, VR technology and hands on learning is available worldwide. The ELLI project has been very successful in their remote learning project in Germany schools, and they are open for the idea to share it in the EU. It might be possible if the states reach out to them and see what similar deal they could work on in that technology. Same with the Indonesian schools, they have been fine tuning their experiment and could be successful there and possibly over to the states as a collaborate effort for technology growth. The whole goal for every university worldwide is to enrich learning for all students for the best possible outcome in their curriculum and see what works and what doesn’t. There is an untapped market for remote learning, VR technology is showing that it is improving the technology more each year. The internet has vastly improved broadband speed doing remote learning, and the cost keeps going down due to those innovation improvements. 
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3.14. T/Safety Componenis
In the lst below, the IT companents are presented

which are used o network the machines listed in

Secton 3.1.3. The communication nterfoce of al the

components is depicted in Fig. 3

+ Real-time conirol system: The complete tesing cell
is controlled by o PXL-System of National
Instruments. Hence, the whole software was
developed with LabVIEW and controls all
‘machines and peripheral cquipment
Safety system: A safety system consising of o
programmable logic contoller PLC, laser scaners
Shiclding the testing cell against human cntering
and safety-switches cnsuring the shutdown if an
ermor occurs. This system works parale o the real-
time contrl system and monitors it The maximum
speed ofthe robot i also imited, ensuring that cven
in the worstcase scenari & human running into
the laser scaner at ful speed — cannot be hit by the
robot being shut down by the PLC.
Camera system: The camera system consists of
cight cameras with HD resolution. Most of them
can be panned,tilted and zoome by the viewers of
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‘These machines, however, need to be managed at
the software level due 1o the complexity and

10be of component-based architecture type e, all the
participating machines were termed s componens.
Based on this concept, an interface fo communicate
with the various components and also with the
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‘machines that do not provide a remote inteface,
communication was realized between the contolling
unit of the device and a PXI system for the exchange
of data [26].

The user interface, depicted in Fig. 4. can be
‘accessed online through o web-server which uses the
HTMLS-conversion function of the current LsbVIEW
version to copy the Experiment Manager online. It
fciltaes the input of process parameters from the
wser, g the clamping force of the head and the
velocity of the punch. The specimen s extacted from
the magazine, monitored by a virtual magazine which
Kecps track of the presence of the specimen in the
magazine, and inserted into the machine where the
xperiment is started. The live view tab enables the
user to follow the actons of the different machincs
The results window shows, upon request, various
process-relevant graphs like the force-displacement
diagram.

‘As can be seen in Fig. 3, the large number of
different machines and communication channels
create  large amount of esl-time dataof various types
during  test. Management o the testing cll using the
Experiment Manager software was thercfore designed

Fig. 4. St o the e nefc o the copping s wih
importat sections being highlghed i el

the student to ask questions like the elation between
the caring in the specimen and the anisotropy (efTect
of rolling directon) of the sheet. Then the students
were asked to analyze the information from the tests
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3.3 MINTReLab — Combining Online-Learning with
tele-operative laboratories

To furher increase the use of the developed
operative testing cell, five different institutions of the
Faculty of Mechanical Engincering ot the TU
Dorimund University_collaboratively launched o
MOOC called MINTReLsb —  International
Manuficturing Remote Lab (MINT s aso the
German version of the abbreviation STEM) [34]. It
includes the use of remote lbs o cahance the
students leaming yond whatis ypically

approaches, see Fig. 6.

Fi. 6. Concpt f the MINTREL b MOOC o combin therysnd
prctice complemerted b sl e s

The intention wos to eable the students to
understand the basics f the tensile testand the basics
of a (emle) laboratory without the need to have
physical instructor explaining it dirccly

To this end, the cntre course is based on the
uniaxial tensile test s scen from the different experts
perspectivs. In cach chapter, the content is linked to
specific aspects of the tensil test to highlight the
importance and the maliifarious nature of this est for
various felds of mechanical and other cngincering
professions.

I is typical for projects related to the ELLI
imitstive to include the cxperts from the Higher
Education Department who. constantly advise the
development of the course spping nto ther expertise
on engineering cducation,

A major focus during the development was on the

order to clariy difficult topcs which highly profit by
an animated depiction of the ssue.

A total of 20 sections have been developed, cach
between 1020 minutes in duration. Each section
incorporates at last one question to be answered by
the viewer. It can be a single- or multiple-choice or &
quick calculation. Apart from these small tests, each
chapter uses the remote testing cell 0 8 certain extent.
In some cases, the actual experiment has 1o be
pecformed, which is viewed live using multiple
camera streams, whereas in others the data of that
experimentis analyzed from  specific point of view
This is inended to make the students aware of the
Versatle use of the tensile test and the manifold
insights tha can be derived from i,

4. Virtual Laboratories

As the next biggest category of the Remote Labs
‘and Virtual Learning Environment core unit, several
Virtal labs sre currenly being developed and
cstablished within the purview of ELLI project of
which the ones deployed at the TU Dortmund
Universty are presented in the following. The
imtention i o use such labs for active and explorative
lcarning to understand complex or abstract processes

4.1 The Testing Cellas a virual reality (VR) lab

Based on the remote teting cell presented in
Chapter 3, a virtal representation of this cell was
created in cooperation with experts from the Faculty
of Information Technology [36]. The goal was to
cnbance the possibilties the remote b offes thouigh
the virtualIabs.

‘Among several limiting factors of remote labs
accessibilty, process parameters, malfunctions and
others - one of the critcal problems, especially in
forming technology i the fact that one does not have.
a clear view of the process while in operation. The
higher the required forces to form & material into
shape, higher the obstruction o view the process being
caried out. This is mainly due to massive dies,
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After making a flowchart,proceed with the tial by instaling a webcam camera that will display the lab
cquipment that s accessed and contnued with the prosceution using local and public servers. Each
component compiled refrs o the lowchart shown in Figure 1

3. Results and discussion

3.1. Design results
“The main components ofthe virtual b are remote users, srver setings,infemet, laboratory sttings.

Lesturer "

=

[2] Fig. 6. Concept of the MINT ReLab-MOOC to - - = = =
combine theory and practice complemented by

social-related videos [2] Fig. 4. Screenshot of the user interface for

the cupping test with the important sections
being highlighted and labelled

6 Nicolas Atuesta

fr— et In the University of Pendidikan from Indonesia, the school decided to introduce remote learning for

Figure 2. Laboratory virtual architecture. ‘mechanical engineer students, specifically for those who study in hydraulics. Since taking up a lab face to
“The virual b systen utlizs  emote deskiop syse a 8 means for users to contol b computers
hat are aleady conneted with b equipmen. Thisca b s o the archiecture of the rence s,

i o g face not only cavse problems in sharing the Iab equipment for siudents but also cost more when using said
Systm crated, s shovwn in igure.

cquipment. That is why they have made a simulation program to solve this problem, by introducing a

Human Machine Interface (FIMI) using HTML and IOT for virtual laboratory based experiment.

Uniike the remote deskiop system in generalthat ses the default RDP of the operating system, this ool
ses VNC (virtual network computing) as a medium of communication between clientor user and the
server computer. As for the type of VNC used, ThinVNC is based on HTML 5 [6].

‘The method
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