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Abstract

Industrial Robotic Arms and Manipulators are widely used in assembly lines and automation, making them quicker,
precise and efficient. They execute highly repetitive and high-effort tasks, improving work security and reducing
accidents. The MELFA (Mitsubishi Electric Factory Automation) offers advance technology in this scenario. This
viability study will be done on model RV-2AJ, with focus on its main component, such as driver CR1-571 and the
handheld device, as well as the MELFA BASIC IV programming language and its practical application to determine
if it possible to integrate the robot to a Digital Twin scenario of a Flexible Manufacturing Line. A comprehensive study
of the robot, its moving procedures and components is presented as well as the programming and files generated to
reach a conclusion that the integration of the robot in a Digital Twin environment is, at this point, possible. Future
study in Feedback signals is necessary.
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1. Introduction

Before mentioning the concept of an industrial robot arm it is important to understand that the robot is not just simply
a machine. It is capable of accomplishing tasks and modify them as necessary, becoming an ideal option for humans
and for the industry. The term robot comes from the Czech word “robota”, that means servant or forced worker, and is
referred to electromechanical devices capable of executing work in an autonomous or pre-programmed way. Robots
are often used in environments with little light or in tasks that are repetitive or dangerous for humans. According to
the Robotics Institute! “a robot is a reprogrammable multifunctional manipulator, designed to move materials, parts,
tools or special devices by means of programmed motions and variables, allowing the accomplishment of diverse tasks.
The International Federation of Robotics (IFR)? differentiates industrial robots from the other types, defining them as

1 https://www.ri.cmu.edu/about/
2 https://ifr.org/
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automatic, reprogrammable and multifunctional machines with three or more axles, capable of position and orient
material, tools and special devices, in both fixed and moving positions (Guadalupe & Adriana, 2009).

Robots are capable of performing their tasks through actuators (electrical, pneumatic, sound, etc) allowing actions that
can produce sound, activation of displays or luminous elements, movement of the arm, movement of robotic claws and
even the displacement of the robot itself. They are controlled by algorithms that connects inputs and outputs, using
software and processing units from simple circuits to complex computers. Robots can also read data from sensors and
send out electrical signals, allowing them to interact with the environment. By this definition several automatic devices
could be considered robots. In industry the majority of robots is designed to move parts in the environment, splitting
into two major categories: moving robots and manipulative robots, each with specific applications that meet the needs
of modern programming (Guadalupe & Adriana, 2009).

This paper is organized as follows: section 2 will bring the necessary literature and manual reviews on industrial robots
while section 3 focuses on the materials of the RV-2AJ Industrial Robot and its parts. Section 4 will present 2 practical
studies that were performed and the relevant discussion and finally section 5 is conclusion and future work.

1.1. Objectives

The objective of this paper is to understand how the programming of the industrial robot MELFA RV-2AJ, installed
at the Automation Laboratory in UNESPs Sorocaba Campus, is performed and check the viability of integrating this
robot in the current digital twin project. As a first step of the viability study, it was fundamental to understand how the
robot works, its programming capabilities and the characteristics. This paper will cover the fundamentals study and
the basic programming, while a future paper will cover the feedback and final results of the analysis.

This viability study is fundamental for the next steps of the research as it is by understanding how the programming is
transferred we will determine if the Digital Twin platform can integrate with the RV-2AJ. Future study in the feedback
from the robot to the controlling software will determine if the full integration is possible, allowing the Digital Twin
project of the laboratory to program and re-program, control the robot and obtain feedback.

2. Literature Review

In order to understand how the programming and the robot itself works, this literature review will focus mainly on the
manuals provided by Mitsubishi for the three main parts of the system: The Robotic Arm RV-2AJ (MITSUBISH]I,
2002, 2024), the controller CR1-571 (MITSUBISHI, 2009b) and the programming software COSIMIR INDUSTRIAL
4.1 (MITSUBISHI, 2009a). A thesis by Guadalupe & Adriana (2009) was also used, as the main goal of the thesis was
a detailed study of the technology and applications of the robot since this is a current and important technology in the
Industry 4.0 scenario (Korsoveczki et al., 2024).

As mentioned by Guadalupe & Adriana (2009), it is important to acquire knowledge in the handling of a industrial
manipulator, since the autonomous robot technology is fundamental in the current industry. Their work is divided into
4 chapters: 1. Industrial Robots, where the basics is explained; 2. RV-2AJ Robotic arm with particularities of the
specific model and its specifications; 3. Programming using COSIMIR software and 4. Practices with several
applications and tests.

2.1. Robot Commands
Robot programming is done through many different commands and different types of movement. All theses

movements take into consideration a coordinate system in a cartesian space to define positions or specific destinations
to the robot. Each point (P1, P2 etc.) will included data that indicates the location of the robot (or the tool attached to
it) in a three-dimensional space. These coordinates are expressed in a X, Y, Z format as follows:

e X: Horizontal Axel Position (Left/Right);
e Y: Depth Axel Position (Front/Back);
e  Z: Vertical Axel Position (Up/Down);

To follow are the movement commands and how they interact and interfere with the robot. These are just the most
basic commands that can be used and are necessary to be able to program the robot.
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2.1.1. Angular Movement (MOYV)
In this movement mode, the arm will generate an interpolar trajectory between the origin and destination points of

movement. The robot moves with an angular interpolation of the axis and not a linear one, so it is not 100% predictable
which route it will take. It is the fastest movement a robot can perform. The details of the possible commands are
showed in Table 1 below.

Table 1: MOV Commands

Command Specification
MOV P1 Moves from the origin point to P1 (as defined in the code)
MOV P1+P2 Moves from the origin point to the result of the addition of coordinates P1 and P2
MOV PI, -50 léoav;:)from the origin point to P1 minus 50mm backwards in reference to the claw position

2.1.2. Linear Movement (MVS)
With this mode, the robot will describe a linear trajectory in the three-dimensional space between its origin point and

the destination, going through a known path when compared with the MOV command. It is typically a slow movement
and it is used mainly in critical moments when the robot is near the final point of the task such as delivering or retrieving
a part. The details of the possible commands are showed in Table 2 below.

Table 2. MOV Commands

Command Specification
MVS P1 Moves from the origin point to P1 (as defined in the code)
MVS P1+P2 Moves from the origin point to the result of the addition of coordinates P1 and P2
Moves from the origin point to P1 minus 50mm backwards in reference to the claw position
MVS P1, -50 (Z axe)

2.1.3. Circular Movement (MVR and MVC)

In this type of movement, the robot will move in a circular way between three reference points. If the robot is not at
the starting position when the command is given it will slowly move to it before executing the circular movements
command. To illustrate better the command from Table 3 below, Figure 1 shows the four types of movement as well
as the results from each of them. The reference points are detailed in each line of the table.

Table 3. MVR and MVC Commands

Command Specification
MVR Defines three points for circular move: Beginning, Middle and End. The arm will pass by
the three reference points (as displayed by point P1, P2 and P3 of Figure 1)
Defines three points for circular move: Beginning, End and Reference. The arm will move
between the Beginning and End points via the shortest path. The reference point (P5) is
necessary to determine the size of the circle. (as displayed by point P3, P4 and P5 of Figure
1)
Defines three points for circular move: Beginning, End and Center. The arm will move
between the Beginning and End points via the shortest path. The center point (P7) is
necessary to determine the size of the circle. (as displayed by point P4, P6 and P7 of Figure
D
Defines three points for circular move: Beginning, Passagel and Passage 2. The arm will
MVC move completing a full circle starting at the Beginning, then Passagel and the Passage2
ending at the Beginning point. (as displayed by point P6, P8 and P9 of Figure 1)

MVR2

MVR3
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Figure 1: Example of MVR and MVC Commands (The authors)

2.1.4. Continuous Movement (CNT)

This set of instructions allows a continuous movement between the points defined by instructions such as MOV, MVS,

MVR and MVC, without accelerations or decelerations and displayed at Table 4 below.

Table 4. CNT Commands

Command

Specification

CNT 1

Enables continuous movement

CNT 1,100,200

Defines the separation distance with the initial point (100mm for example) and the final
point (200 mm for example). The command configures the movement from the initial point
keeping fluidity and trajectory and adjusts the distances for a smooth transition from
beginning to end.

CNTO

Disables continuous movement

2.1.5. Speed Related Commands
To control the speed in which the arm moves there are a set of four commands as displayed in Table 5.

Table 5. Speed Related Commands

Command Specification
Defines the percentage of acceleration and deceleration in reference to the maximum
ACCEL
allowed
OVRD Defines the robot’s working speed in percentage to the maximum speed
JOVERD Defines the axis interpolation speeds in percentage to the maximum speed
SPD Defines the speed (in mm/s) of the linear and circular movement of the claw or final effect.

2.1.6. Claw Control

To perform the open and close commands of the claw fitted in a robot arm the commands displayed in Table 6 below

are used
Table 6. Claw Commands
Command Specification
HOPEN 1 Opens the pneumatic claw
HCLOSE Closes the pneumatic claw

© IEOM Society International
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2.1.7. Timer / Delay
The Timer, or Delay, is an instruction that causes the program to wait for a period of time. After the specified time is

elapsed the program will resume in the next line of code. The command is displayed in Table 7.

Table 7. Delay Commands

Command Specification
DLY 5 Waits for 5 seconds (for example) to resume program execution

2.1.8. Additional Moving Modes
There are also five additional moving methos that can be accessed via the handheld control device of the controller
CR1-571. These commands are listed below in Table 8.

Table 8. Handheld movement Commands

Command Specification
JOINT This movement command allow's for independent individual control of each joint of the
robot, moving it on a singular axis.
TOOL This mode moves the r(?bpt accgrding to the position and gngulation of the claw. By using
this command all other joints will move keeping the claw in the same “level” as before.
XYZ Similar to the TOOL command, but with cartesian coordinates, this movement also keeps

the claw “leveled” as it moves towards the X, Y, Z coordinate.

This movement type limits the move to the coordinate system, in either of the coordinates
as described in section 2.1

This mode stablishes a cylinder along the Z axis that the robot can move inside of. It will
move in the axis defined by the limitations.

3-AXE XYZ

CYLINDER

2.2. Programming

Programming of the robot can be made by the Handheld device installed in the controller box or via a specific software.
Since the goal of this research is to determine the viability of accessing the robot remotely, this review will focus on
the software responsible for programming the RV-2AJ robot: COSIMIR INDUSTRIAL V4.1 as seen in Figure 2
below. In their thesis, Guadalupe & Adriana (2009) shows in chapter 3 the proper use the software by creating new
files, setting up the system so it is possible to monitor digital inputs and outputs and also how to use the MELFA
BASIC IV programming language.

£ COSIMIR® Industrial (For Educational Purposes Onb) - 8 X
File Edit View Execute Bxtras Window Help

MQJ_LLLMJMJJ_MJJ B o= B il & w| & D D] Fa] ] Ll K
(‘2 /3 ][ % | | B chProgram Fis 6851 COSMR Industra Projectstestel\1.MB4 oo s
15 JovRRD 50|
20 HOPEN 1
50 MOV P1
20 MOV P2
45 5PD 20
50 VS B3
60 DLY 1
65 HCLOSE 1
70 pLY 1
0 uvs B
A8 %0 oV 23
100 Vs es
110 DLy 1
115 HoPEN 1
120 DLy 1
130 Mvs P4
120 MoV P1
@ RCl Bxplore:
& RCI Explorer

o [=E]=]

o #h RV-28)
&

= EE=]

5 Object(s)

Stopped | 33.24s (153510 [Capyright () 1992-2006 - EFR - GERMANY

Figure 2. COSIMIR INDUSTRIAL 4.1 Interface (The authors)
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COSIMIR generates a series of files for each project that is created, however only two files are essential to program
the controller. These files have the extension “.POS” and “.MB4”. The “.POS” file is a text description of a position
created by Trimble Navigation GPS or receivers from the global GPS. The file will contain and ID followed by
longitude and latitude values of each ID. It can also locate the points by describing the origin point. The file needs
specific software to be able to read it, such as the “My Topo POS2MXF” or “Trimble Navigation GPD Pathfinder
Office”. (Ficheiros, 2025; ReviverSoft, 2025). In the particular case of the RV-2AlJ, the file contains the position in
the cartesian plain of the necessary points, storing the coordinates. The “.MB4” file are related to the common “Model
Builder” as they are categorized as a primary type of file. (Solvusoft, 2025). In the particular case of the RV-2AJ they
store the program itself

3. Method and Materials

As mentioned before, this paper is part of a bigger research project that is focused on creating a Digital Twin of the
FMS Legacy Systems. Many of the platforms and languages have been selected before this paper, and for the purpose
of this paper the most significant choices can be found in Sousa et al. (2024), in which the Node-RED environment is
used and the FESTO FMS system is detailed. This paper will focus on the Robot Station of the FMS that is equipped
with a MELFA RV-2A1J robot by Mitsubishi and its necessary parts.

The COSIMIR INDUSTIAL 4.1 software is a tool for 3D Simulation and Offline programing of robot-based work-
cells. It is vastly used to develop solutions in the area of robotics and automated systems. The version installed in the
Automation Laboratory is provided by FESTO (IRR, 2000). The use of COSIMIR is fundamental to better understand
the essential files needed to program the RV-2AJ robot arm (.POS and .MB4) so it is possible to recreate this files in
another platform or simply use the files created offline in a repository do the system can choose for itself. Therefore,
the method implement by this research was an extensive review of the manual and related texts and the use of practical
applications to verify the file formats as well as testing the programming skills of the authors.

It is important to acknowledge here the participation, int the second semester of 2024, in Prof. Prof. Dr. Mauricio
Becerra Vargas discipline of Robotics at UNESP. The main author of this paper was allowed to attend the discipline
as a listener creating a great environment to learn and develop the necessary knowledges and fundamentals or robot
programming.

3.1. MELFA RV-2AJ
The MELFA RV-2AJ is a complete solution for robot arm automation. It has the robot arm (RV-2AlJ), a controller box
(CR1-571) and a Handheld device to allow programming and troubleshooting. The Robotic Arm has five
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degrees of freedom (five joints) and is capable of carrying up to 2 kg. Its operating area is around 410 mm and can it
can achieve speeds of 2.200 mm/s. In Figure 3 we can see on the left-hand side a picture of the arm and on the right-
hand side the mechanical drawing of it.

Fore arm

Figure

Jé-axis _

Mechanical interface -
(Hand installation flange surface)

Shoulder
J2-axis

MNote)J4-axis dosen't exist for 5—-axis type.

MELFA RV-2AJ Robot Arm (The authors)

The Controller box CR1-571, as showed in Figure 4, is the control system of the robot. It handles the calculations,
cinematics and dynamics of robot movement. It can store up to 88 different programs and allows the execution of up
to 32 in parallel in multi-task mode. It contains a RS-232 serial port for communication with COSIMIR and 16 digital
inputs/outputs.

&Ny

s OUTPUT 15  ERROR
eoeec000 °
oeeoc00e e

STATUS NUMBER CHNG DISP

Figure 4. MEFLA CR1-571 Control Box (The authors)
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The Handheld, also known as “learning box” and displayed in Figure 5, is used to move the robotic arm and determine
the positions required for each task. The movement capabilities are detailed in section 2.1.8.

The pneumatic claw that is installed at J6 axis is also called final effect is display in Figure 6. It is a pneumatic clamp
with three cylindrical retention capabilities and an infrared optic sensor to determine if a part is being transported/held.
It can handle pressures up to 5 bar.

Figure 5: MEFLA Handheld (The authors)

Figure 6. Pneumatic Clamp (The authors)

4. Results and Discussions

Understanding how COSIMIR INDUSTRIAL 4.1 operates is essential to be able to create an interface layer that can
provide the same codes and read the same signals, allowing other instances to communicate with the robot. By verifying
its viability, new features can be implemented by the Digital Twin and its uses for the robot arm. The program for
production can be remotely selected by the RFID tags from the main Digital Twin application as it is providing real-
time data on the sensors and actuators of the robot allowing for a 3D view outside the proprietary software.
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For that purpose, 2 practice scenarios were created so we could understand how COSIMIR INDUSTRIAL 4.1 and the
controller CR1-571 exchange information. The first scenario is a simple part transfer from one surface to another. The
second and more complex scenario involves the movement of multiple pieces. Through these practical applications it
was possible to verify both .POS and .MB4 files created and determine how COSIMIR transfers the information to the
control module. The file formats are described in detail in section 2.2.

4.1. Example 1 — Single Piece

This first example was performed so the commands could be better understood. Also, the relative simplicity of the
program allowed for a deeper analysis of the files generated by COSIMIR. The program is detailed in Table 9 below
with each line described for its function. An illustrative representation is provided in Figure 7

Table 9. Example 1

Command Detailed Function
10 OVRD 50 Defines base speed at 50%
15 JOVRD 50 Defines joint speed at 50%
20 MOV P1 ; Moves the arm to P1
30 MOV P2 ; Moves the arm to P2
40 SPD 20 ; Defines movement speed at 20%
50 MVS P3 ; Linear move to P3
60DLY 1 ; 1 second delay
70 HCLOSE 1 ; Closes Claw
80DLY 1; 1 second delay
90 SPD 50 ; Defines movement speed at 50%
100 MVS P2 ; Linear move to P2
110 MOV P1 ; Moves the arm to P1
120 MOV P4 ; Moves the arm to P4
130 SPD 20 ; Defines movement speed at 20%
140 MVS P5; Linear move to P5
150 DLY 1; 1 second delay
160 HOPEN 1 ; Open Claw
170 DLY 1; 1 second delay
180 SPD 50 ; Defines movement speed at 50%
190 MVS P4 ; Linear move to P4
200 MOV P1 ; Moves the arm to P1
210 END ; End program

i

Figure 7. Example 1 illustrative process (The authors)
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4.2. Example 2 — Multiple parts displacement

This second example was performed so complexity was added and the commands and programming were better
explored. In this scenario a pile of three parts will be moved. Stacking of the parts is an important procedure and
requires fine tuning of the coordinates so the pile won't collapse on itself. The program is detailed in Table 10 below
with each line described for its function. An illustrative representation is provided in Figure 8.

Table 10. Example 2

Command Detailed Function
10 OVRD 50 ; Defines base speed at 50%
15JOVRD 50 ; Defines joint speed at 50%
20 MOV P1 ; Moves the arm to P1
30 MOV P2 ; Moves the arm to P2
40 SPD 20 ; Defines movement speed at 20%
50 MVS P3 ; Linear move to P3
60DLY 1; 1 second delay
70 HCLOSE 1 ; Closes Claw
80DLY 1; 1 second delay
90 MVS P2 ; Linear move the arm to P2
100 MOV P1 ; Moves the arm to P1
110 MOV P6 ; Moves the arm to P6
120 MVS P9 ; Linear move the arm to P9
130DLY 1; 1 second delay
140 HOPEN 1 ; Open Claw
150 DLY 1 ; 1 second delay
160 MVS P6 ; Linear move the arm to P6
170 MOV P1 ; Moves the arm to P1
180 MOV P2 ; Moves the arm to P2
190 MVS P4 ; Linear move to P4
200DLY 1 ; 1 second delay
210 HCLOSE 1 ; Closes Claw
220DLY 1 ; 1 second delay
230 MVS P2 ; Linear move the arm to P2
240 MOV P1 ; Moves the arm to P1
250 MOV P6 ; Moves the arm to P6
260 MVS P§ ; Linear move the arm to P8
270 DLY 1 ; 1 second delay
280 HOPEN 1 ; Open Claw
290DLY 1 ; 1 second delay
300 MVS P6 ; Linear move the arm to P6
310 MOV P1 ; Moves the arm to P1
320 MOV P2 ; Moves the arm to P2
330 MVS P5; Linear move the arm to P5
340DLY 1; 1 second delay
350 HCLOSE 1 ; Closes Claw
360 DLY 1; 1 second delay
370 MVS P2 ; Linear move the arm to P2
380 MOV P1 ; Moves the arm to P1
390 MOV P6 ; Moves the arm to P6
400 MVS P7 ; Linear move the arm to P7
410DLY 1 ; 1 second delay
420 HOPEN 1 ; Open Claw
430DLY 1 ; 1 second delay
440 MVS P6 ; Linear move the arm to P6
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450 MOV P1 ; Moves the arm to P1
460 END ; End
bRy
ey
‘ Part %W
— —] &="
Pp—S | ™ %Pg

P4% - T__A—

Figure 8. Example 2 illustrative process (The authors)

5. Conclusion and future work

Based on the studies performed by reading the Mitsubishi manuals, by the thesis of Guadalupe & Adriana (2009) and
by the class taken in the second semester of 2024 it was possible to achieve considerable advances in the understanding
the programming procedures and details of the MELFA RV-2AJ Robotic Arm. After analyzing the .POD and .MB4
files created by the COSIMIR INDUSTRIAL 4.1 software it was possible to completely understand them and it is
possible to replicate them easily outside the COSIMIR environment.

It is possible to conclude that the “writing” part of the viability study is concluded and deemed possible. The ability of
the MELFA CR1-571 control box to store several programs is also very positive, as this can be downloaded before-
hand and the Digital Twin / Node-RED Platform can simply select which one to run.

Since COSIMIR has the 3D view of the current status of the Robots actual position, there is feedback information
coming from the control box to the software. The next part of this research is understanding the format in which that
is reported, since it was not possible to see any references in the literature review.
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