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Abstract  

This research aims to provide solutions for practical learning in the vocational field of mechatronic engineering during the 

Covid-19 pandemic. In order for vocational students to become skilled and competent, a considerable number of hours of 

practice is required. Meanwhile, to prevent the spread of Covid-19, restrictions on face-to-face meetings have been imposed. 

To make the number of hours of student practice sufficient without having to meet face to face, a remote laboratory is 

presented, which can be accessed by students easily, anytime and anywhere. The developed remote laboratory uses real 

equipment, in the form of the Mitsubishi RV-M1 Industrial Robot, which is monitored by 3 cameras, and can be controlled 

via the internet. The use of a real robot, not a simulation, is intended so that students can feel the experience as if they were 

practicing the robot directly. This remote laboratory for the practice of programming the Mitsubishi RV-M1 Industrial Robot 

has been successfully developed and is already being used by mechatronics students at the vocational faculty of Sanata 

Dharma University. Most of the students gave a good response to this remote laboratory, because students got a new and 

interesting experience. To demonstrate the effectiveness of this remote laboratory, a comparison is shown of the average time 

for searching for the position of an object directly and indirectly through the remote laboratory. From the results of the 

comparison, the average time to search for the position of an object directly ranges from 1-2 minutes, while through a remote 

laboratory it ranges from 2-3 minutes, which is considered to be within reasonable limits. 
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1. Introduction 

The Covid-19 pandemic that has occurred since the 

beginning of 2020 has led to many restrictions on 

activities. In the field of higher education, the 

government issued rules for limiting lecture activities 

in the form of limited face-to-face or online 100% to 

prevent the spread of the virus in the campus 

environment. This is very influential, especially on the 

implementation of practical lectures that use laboratory 

equipment that students do not have. Lecturers must 

develop new methods so that these practical lecture 

competencies are achieved. [1], [2], [3], [4], [5], [6], 

[7],  [8], [9], [10], [11], [12], [13], [14], [15]. 

One of the practical courses at the Mechatronics Study 

Program, Vocational Faculty, Sanata Dharma 

University is Robotics Practice. The competence of 

students generated through this practice is that students 

can manage and control the movement of industrial 

robots to solve problems in the application of material 

handling and assembling certain goods. In this 

practice, students adjust the position and speed, and 

program the sequential movement of the robot using 

industrial robots and software in the laboratory. The 

existence of restrictions on face-to-face lectures makes 

students unable to use industrial robot hardware and 

software in the laboratory. This obstacle causes the 

targeted robotics practice competencies to be difficult 

to achieve by students. The need to achieve practical 

competence for students, gave rise to ideas for writers 

to create digital innovations for Remote Robotics 

Practice Modules [16], [17]. 

Several remote laboratory works have been developed 

specifically to help prevent and handle the Covid-19 

virus. Some have developed PLC Practicum Learning 

Applications Remotely to Face the Covid-19 

Pandemic. The Remote PLC Practicum Learning 

Application that was developed uses additional devices 

in the form of software used for computer 

communication with PLC practicum teaching aids and 

application software that is used to access computers 

that are directly connected to teaching aids via the 

internet network [18], [19], [20], [21], [22]. 

EDUMEC's remote laboratory network infrastructure 

is based on a client-server architecture. In this 

connection, the user provides a virtual private network 

(VPN) connection to the system via a remote 

procedure call (RPC) protocol. The system provides 

users with reservations, based on available days and 

time slots, to enable experimental performance. 
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System security is provided by a VPN connection 

established by Cisco ASA Firewall [23], [24]. 

Responses from students regarding remote learning 

PLC (programmable logic controller) with a remote lab 

system, have also been investigated using survey data 

collection techniques and quantitative descriptive 

methods for data analysis. The results of the study 

show that the remote lab system is easy to use, and 

they are satisfied with PLC remote learning using 

remote laboratory [25], [26], [27], [28]. 

Other studies have also developed new methods for 

learning mechatronics using remote monitoring and 

control, based on programmable logic controllers 

(PLC) and WebAccess. Mechatronics, Web-CAM and 

PLC modules are integrated with WebAccess for 

remote laboratory setup. The results of the study allow 

users to access the Internet for remote monitoring and 

control of mechatronic modules via a web browser, 

thereby increasing work flexibility by enabling 

personnel to control mechatronic equipment from a 

remote location [29]. 

Digital Innovation This Remote Robotics Practice 

Module is designed by utilizing the development of 

digital technology and the Internet of Things (IoT). 

This innovation allows users to perform experiments 

and laboratory assignments over the Internet without 

having to be near actual equipment. In a traditional 

proximal laboratory, users interact directly with 

equipment by performing physical actions (e.g. 

manipulating with their hands, pressing buttons, 

turning knobs) and receiving sensory feedback (visual, 

audio, and tactile). Digital innovation to be carried out, 

this same interaction takes place at a distance with the 

help of remote infrastructure. This digital innovation is 

a new layer between the user and the laboratory 

equipment. Digital innovation It is responsible for 

conveying user actions and receiving sensory 

information from equipment. The stages in making 

innovations begin with design planning, initial testing, 

validation and implementation.  

The objective of this study is to produce a remote 

Mitsubishi RV-M1 industrial robot programming 

practice module. Through this module, the Mitsubishi 

RV-M1 industrial robot in the robotics laboratory of 

the Vocational Faculty of Sanata Dharma University 

can be programmed by students remotely from their 

homes. The practice of programming industrial robots 

remotely will minimize physical contact between 

students in order to avoid the spread of Covid-19 in the 

campus environment and still be able to increase 

student competency in programming the Mitsubishi 

RV-M1 industrial robot. 

2. Research Method 

Remote Robotics practice module was designed to 

provide students with programming experience and 

monitoring of programming results on real Robotics 

practice hardware, even though programming is done 

remotely from home and students do not have Robotics 

practice hardware. The Remote Robotics Practice 

Module design that has been developed can be seen in 

Figure 1 below.  

 

Figure 1. Diagram of Remote Robotics Practice Module Design. 

The system that has been developed is as follows.  

a. In Robotics Laboratory of the Vocational Faculty 

of Sanata Dharma University, the Mitsubishi RV-

M1 Industrial Robot Programming Practice 

Module, in the work area, was added with pallets 

that would be used to place the workpieces to be 

assembled by the robot. In the work area, 3 

cameras were installed, namely camera 1, was 

installed permanently to see the robot's work area 

as a whole, camera 2 was mounted on a 

semicircular rail system and the camera can be 

moved along the rail to see all positions of the 

workpiece to ensure the relative position of the 

gripper to the workpiece, in the direction of the Z 

axis, and camera 3 was installed in the center of 

the gripper to ensure the position of the gripper 

relative to the workpiece in the direction of the X 

and Y axes. The computer used to program the 

robot was installed with software for programming 

the robot, monitoring the camera and operating the 

computer remotely. 

b. At the student's house, computer software was 

installed for computer operation in the Robotics 

laboratory of the Vocational Faculty, Sanata 

Dharma University from the student's house. 

c. Practical process: Computers and robots located in 

the Robotics Laboratory of the Vocational Faculty 

of Sanata Dharma University should be in an 

active position. Software for remote operation of 

laboratory computers was enabled to obtain 

username and password. Students activated the 

computer from home, then ran the computer 

control software remotely and then typed the 

username and password so that they could operate 

the campus computer from home.  

d. Students created the robot program and simulated 

it first, if the simulation results were correct, then 

downloaded to the robot to be simulated in real 

terms on industrial robots on campus. The results 

could be monitored through the camera view on 

the campus computer. 
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e. Both the computers in the Robotics laboratory of 

the Vocational Faculty of Sanata Dharma 

University and in the students' homes were 

connected to the internet. 

The system that used to connect the camera drive 

mechanism in the Robotics practice module with 

student devices could be seen in Figure 2, which 

involves the use of Node-RED and Cloud services. 

With this system, many devices other than computers 

could be used to connect to the system, including 

NodeMCU, RaspBerry and Mobile. 

 

Figure 2. Robotics Practice Module System Design using Node-RED 

and Cloud. 

 

In the research flow chart, several data collection 

methods were needed to support the solution in this 

research, as follows: 

  

Figure 3. Research method flow plan 

Camera 2 could be moved to be positioned according 

to the appropriate viewing angle as shown in Figure 4 

below. 

 

Figure 4. Camera Drive Mechanism 

The control flow of the camera drive system could be 

seen in Figure 5 below.  

 

Figure 5. Camera movement control flow 

 

3. Result and Discussion 

The final results of the development of the remote 

programming practice module for the Mitsubishi RV-

M1 industrial robot can be seen in Figures 6, 7, 8 and 9 

below. 

 

Figure 6. Remote Industrial Robot Practice Module 
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Figure 7. Three cameras and drive mechanism 

   

Figure 8. Redesign of gripper 

 

Figure 9. Student Computer Display 

 

Figure 6 shows the hardware of the remote Mitsubishi 

RV-M1 industrial robot practice learning module that 

has been developed. Figure 7 shows the three cameras 

used and shows in more detail the camera drive 

mechanism that can direct the camera to the desired 

angle of view. Figure 8 shows the results of the 

redesign of the gripper to make it easier to visually 

determine the robot's position. Figure 9 shows the 

display of a student's computer screen at home. The 

student computer screen display shows that the 

Mitsubishi RV-M1 industrial robot in the robotics 

laboratory can be programmed and its movements 

monitored from the student's home. 

The Remote Robotics Practice Module has a drive 

mechanism to move camera 2 so that camera 2 can be 

positioned at different angles of view. The movement 

of the camera 2 to various viewing angles makes it 

easier for students to ensure the correct position of the 

robot when gripping the workpiece in the z-axis 

direction. The results of the development as shown in 

Figure 9, show that:  

a. Campus computers can be accessed from student 

computers remotely via the internet by activating 

the Anydesk software and entering a password. 

b. The mitsubishi RV-M1 robot can be moved, 

programmed and simulated by students from 

campus computers which are accessed by students 

through their respective computers, using 

professional cosimir software installed on campus 

computers. 

c. Robot movement can be monitored through 3 

cameras displayed on campus computers that can 

be accessed from student computers. 

d. Camera 2 can be moved to the desired position by 

activating the node-red software dashboard (Left, 

right and stop). 

The experimental results of finding the position of the 

robot to grip the workpiece have been carried out both 

directly in the robotics laboratory and remotely via the 

internet. The experiments were carried out 10 times 

each. The position search experiment was carried out 

from the same safe position (position 1) then the robot 

was moved to the desired position. The results of the 

robot position search experiment were carried out by 

two records, namely the time it took to find the 

position and the resulting position (X, Y, Z, P, R). 

Table 4.1. The following shows the results of position 

searches, both live position searches in the robotics 

laboratory and remote position searches via the 

internet. 

Table 1. Comparison of direct and remote robot position search 

Position 

Number 

Direct 

search 

time 

Remote 

search 

time 

X Y Z P R 

1 Home position 0.1 314.3 465.4 -58.1 179.9 

41 Above workpiece 181.3 273.2 300.8 -88.3 179.9 

        

31 01:38  182.2 272.1 258.5 -86.4 179.9 

32 01:43  182.4 273.1 258.4 -85.7 179.9 

33 01:31  180.4 270.9 257.8 -85.1 179.9 

4 01:07  181.4 273 257.7 -85.3 179.9 

35 01:25  179.9 272.1 259.4 -85.8 179.9 

36 01:27  182 274.4 259 -87.5 179.9 

37 01:18  181.3 272.5 258.1 -86.7 179.9 

38 01:13  180.3 275.5 262.1 -87.2 179.9 

39 01:22  182.2 272.4 258.6 -86.8 179.9 

40 01:16  182.2 272.3 258.7 -86 179.9 

Average 01:24  181.43 272.73 258.83 -86.2 179.9 

51  03:55 179.2 274.7 259.8 -88.1 179.8 

52  03:27 181.1 273.9 262.5 -88 179.8 

53  03:43 179.6 274.2 262.9 -88 179.8 

54  03:50 180.4 274.2 261.9 -88 179.8 

55  02:51 179.3 274.6 263.1 -88 179.8 

56  02:14 178.8 274.4 263.5 -88 179.8 

57  02:29 178.8 273.9 261.1 -88 179.8 

58  02:09 179.6 273.2 258.9 -88 179.8 

59  01:45 179.3 273.9 262.4 -88 179.8 

60  02:06 180 273.3 261.6 -88 179.8 

Average  02:50 179.61 274.03 261.77 -88.0 179.8 

 

4. Conclusion 

The Mitsubishi RV-M1 robot remote programming 

practice module has been successfully developed. This 

practical module has been tested and the result is that 

the robot is moved, programmed, simulated and 

monitored its movement remotely via the internet. 
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Through the results of this test, it can be concluded that 

the remote programming practice module of the 

Mitsubishi RV-M1 industrial robot is ready to be used 

for robotics practice in the Mechatronics Study 

Program, Vocational Faculty, Sanata Dharma 

University. 
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