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ABSTRACT

In the era of advanced technology, the automation of industrial processes has become an
essential element for improving efficiency and productivity. One of the most relevant
aspects of this phenomenon is the development of robotic systems capable of performing
repetitive tasks with a precision and speed superior to human ones. The objective of the
work is the design and implementation of a robotic arm intended to perform the "pick and
place” function, an essential process in numerous industrial fields, from product
manufacturing to logistics and assembly. Pick and place involves picking an object from
a specific location and placing it in another position. This task, while seemingly simple,
is fundamental to the production flow of many industries. For example, in automobile
manufacturing, components must be handled with care to ensure the quality and integrity
of the final product. In logistics, robotic arms are used to organize goods in warehouses,
reducing handling time and human error.

The article presents the structure and operating specifications for the Doosan Robotics
M1013 robot, as well as the RoboDK software, with its main features and application
areas. After defining the specifications and selecting the hardware components, such as
servo motors, sensors and control modules of the manufacturing cell, we move on to the
design stage, where a 3D model of the robotic arm will be created. This model will allow
the simulation of the robot's operation and the anticipation of possible problems, before
the physical construction.

Keywords: robotic flexible cell, pick and place, offline programming, RoboDK software,
Doosan Robotics M1013 robot

INTRODUCTION

Robotics is an interdisciplinary field that combines engineering, computer science,
artificial intelligence, and many other disciplines to develop machines capable of
performing automated tasks. A key component of robotics is robotic arms, which are used
in a variety of applications, from industrial assembly to material handling [13, 27, 30, 33].
Pick and place projects are among the most common uses of these devices, with the goal
of improving operational efficiency and reducing costs. The literature highlights the vast
potential of robotic arms in various industrial fields, as well as the challenges they face
[2, 12, 14, 15, 24, 25].
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Despite the growing demand in industry for flexible part handling solutions, the design
of flexible robotic pick and place operations — where multiple or frequently changing
parts that arrive in bulk in the work cell need to be handled — remains a challenge [4, 17,
18, 20]. Automating processes with parts in undetermined positions requires advanced
robotic pick and place solutions based on sensory information. At the same time,
flexibility must be maintained, even when economic considerations allow only minimal
modification of the initial work cell [19, 26, 36, 37, 38].

In traditional robot cells, operations assume that parts are placed in a known location in a
structured manner (e.g., on a pallet), from where they can be gripped and moved to a
predefined target position. [39, 40]. To ensure reliable handling of industrial parts, robust
operation is important, along with minimal computation and execution times.

Robot trajectories must be collision-free with respect to both the robot-environment
relationship and the robot itself. In addition, parts must be accurately grasped and placed
using a general-purpose tool, while allowing for complex geometries and multiple
different part types. The selection and placement of positions, as well as the approach
directions, can be complicated. Furthermore, work cell designs - often initially optimized
for human operations - introduce strict constraints on the robot trajectory [1, 3, 5, 6, 8, 9].
Finally, the collision-free robot path must be planned in the common robot configuration
space.

Process planning for robotic pick-and-place operations involves sequencing parts,
selecting the appropriate grip for each part, planning robot trajectories, etc. These
decisions are closely related to each other and together determine the performance of the
robotic pick-and-place operation. Moreover, they must be performed online, with as little
computational time as possible [7, 16, 21, 22]. A new concept is called bin-picking. Bin
picking (also referred to as random bin picking) is a core problem in computer vision and
robotics. The goal is to have a robot with sensors and cameras attached to it pick-up
known objects with random poses out of a bin using a suction gripper, parallel gripper, or
other kind of robot end effector [36].

Offline Programming means programming robots outside the production environment.
Offline Programming eliminates production downtime caused by shop floor
programming. Simulation and Offline Programming allows studying multiple scenarios
of a robot work cell before setting up the production cell [23, 28, 29, 32, 34, 35]. Mistakes
commonly made in designing a work cell can be predicted in time. Offline Programming
is the best way to maximize return on investment for robot systems and it requires
appropriate simulation tools. The time for the adoption of new programs can be cut from
weeks to a single day, enabling the robotization of short-run production.

PICK AND PLACE ROBOTIC CELL DESIGN

The robotic arm studied and presented in this article is a Doosan Robotics M1013. The
designed structure also includes a linear translation rail as well as a conveyor driven by
an electric motor.

Doosan Robotics M1013 robotic arm [41] is a 6-axis articulated robot with top-notch
force sensitivity and collision detection. This robot has a payload capacity of 10 kg and a
reach of 1.30 m. A versatile model, suitable for all work processes. The 6 torsion sensors
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ensure a safe working environment for any type of application. The robot has a cockpit
function, which allows the robot to move, learn waypoints and save coordinates via
buttons located near the tool flange.

Doosan robots support the latest communication technologies (RS232/485, TCP/IP,
Modbus TCP (Parent/Child), Modbus RTU (Parent), PROFINET 1O Device, Ethernet/IP
Adapter), even without a gateway, allowing seamless connections with various types of
industrial equipment and systems [41]. The main applications of the Doosan Robotics
M1013 robotic arm are: assembly, CNC feeding for loading/unloading objects on pallets,
welding, grinding and deburring, palletizing. The main characteristics of the robotic arm
are those presented in Table 1.

Table 1. Main features of the Doosan Robotics M1013 robotic arm

Weight 33 kg

Payload in working range 10 kg

Maximum working radius 1300 mm

Number of axles 6

Maximum TCP speed Over 1 m/s
Positional repeatability (1SO 9283) +0.1mm (x£0.05mm)
Degree of protection IP54

Noise <65dB

Installation direction

Floor / Wall / Ceiling

Controllers

Doosan & TP Controller

Vibration and acceleration

10<f< 57Hz - amplitude 0.075mm
57<f<150Hz - 1G

Impact

Maximum amplitude: 50m/s? (5G) *
Time: 30ms, Pulse: 3 of 3 (X,Y,2)

Operating temperature

0 °C ~45 °C (273K to 318K)

Storage temperature

-5 °C ~50 °C (268K to 323K)

Moisture

20%~80%

The kinematic scheme of the robot is presented in Figure 1 and the variation ranges of the
generalized coordinates and joint velocities are presented in Table 2. The layout plan of
the designed structure is presented in Figure 2.

The pallet with boxes was placed at the end of the conveyor, so that the distance between
the farthest box and the box placement point on the conveyor was no more than 1300 mm,
and the M1013 robotic arm was placed next to the pallet, so that the distance from the
vertical translation rail to the farthest box or to the box placement point did not exceed
1300 mm.
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Figure 1. Kinematic diagram of the Doosan Robotics M1013 robotic arm

Table 2. Doosan Robotics M1013 robotic arm joint parameter values

Parameter Minimum Maximum Default Tolerance
(degrees) value value value
0, -360 360 -360~360 3/-3
0, -360 360 -95~95 3/-3
05 -160 160 -135~135 3/-3
0, -360 360 -360~360 3/-3
05 -360 360 -135~135 3/-3
O¢ -360 360 -360~360 3/-3
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Figure 2. Layout plan

Figures 3, 4 show side and front views of the assembly. Figure 5 shows a 3D image of
the designed assembly.

Figure 3. Side view of the assembly

Figure 4. Front view of the assembly
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Figure 5. Three-dimensional view of the assembly

SOFTWARE IMPLEMENTATION

RoboDK is an offline simulation and programming application for industrial robots and
automation. With RoboDK, users can create and test robot programs before deploying
them on real equipment. This software allows for the simulation of robot movements in
a virtual environment, which helps identify and correct problems before they enter the
production line. RoboDK is compatible with a wide range of industrial robots and is
widely used in industry to optimize processes and reduce the costs associated with
deploying and operating robots.

Main features of RoboDK software:

Advanced 3D Simulation: RoboDK enables 3D simulation of industrial robots,
including their movements, trajectories, and interactions with the environment.
Users can visualize robot performance in real time, identifying potential collisions
or motion errors before they occur in reality. This detailed simulation helps
optimize processes and increase operational safety.

Compatibility with a wide range of robots: RoboDK is compatible with a variety of
industrial robots from different industries. The software supports models from
leading manufacturers such as ABB, FANUC, KUKA, Universal Robots and
others. This universal compatibility allows users to work with various types of
robots without having to learn different software for each type of equipment.

Offline Programming: One of the most important features of RoboDK is offline
programming. This means that robot programs can be developed and tested in a
virtual environment, without having to shut down real equipment or interrupt
production.

Process automation: RoboDK provides tools for automating manufacturing
processes such as welding, painting, part handling, or assembly.
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User-friendly interface: RoboDK's interface is designed to be easy to use, even for
those with no experience in robot programming. The software offers a wide range
of functionality, including a program editor and robot motion simulation, all in an
accessible and intuitive environment.

Import and export CAD files: RoboDK allows the import of CAD files in various
formats, including STEP, IGES, STL and more, to create 3D models of the parts
and equipment that the robot will interact with. This allows users to test and
simulate manufacturing processes using accurate models of real parts.

Path calculation and optimization: RoboDK includes an advanced path calculation
system that helps generate the most efficient paths for robot movements. This helps
optimize cycle times and reduce equipment wear, increasing the efficiency of
manufacturing processes.

Integration with external systems: RoboDK can be integrated with external systems
such as PLCs (Programmable Logic Controllers), machine vision systems or other
industrial equipment. This offers great flexibility in terms of integration with
various types of automation and technologies.

RoboDK is used in a wide variety of industries, including automotive, aerospace,
electronics manufacturing, packaging industries, and many more. Here are some
examples of RoboDK applications:

Automotive: In the automotive industry, RoboDK is used to optimize welding,
assembly, part handling, and painting processes. Users can test manufacturing
processes on a virtual robot before implementing them on real robots, which saves
time and costs.

Electronics Manufacturing: RoboDK is also used in the manufacturing of
electronic components, including printed circuit board (PCB) assembly, part
handling, and visual inspection. It helps create high-speed, high-precision
automated processes.

Welding and Material Handling: RoboDK is very useful in robotic welding and
material handling processes. The software can be used to create precise welding
paths and simulate robot movements in heavy or bulky part handling processes.

Industrial Painting: RoboDK is used to simulate part painting processes in a
virtual environment, optimizing the trajectories of painting robots to reduce paint
loss and ensure uniform coverage.

Testing and Inspection: RoboDK can be used to simulate part testing and
inspection processes, such as dimensional inspection or quality verification of
manufactured parts.

IMPLEMENTING THE DESIGNED STRUCTURE IN RoboDK

After placing the M1013 robotic arm, the relative position of the pallet in relation to the
position of the linear translation rail was calculated, using the parameters in Figure 6.
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Frame Details: Pallet g X
Mame: Pallet
B8 visible
Reference position with respect to: _,.l‘Linear Rail Base e
[X,¥,Z]mm | Rot[x,¥",Z""']deg - Stdubli/Mecademic - I | =
-188.888 CE8.888 -588 . 888 . 888 o8 . 888 Sg. 288

Figure 6. Relative position of the pallet in relation to the linear translation rail

Similarly, the relative position of the conveyor was also calculated, resulting in the
parameters in Figure 7. The next step was to position the boxes on the pallet surface in a
3x3x3 box arrangement. For each box, the relative position to the pallet (Figure 8) and
implicitly to the linear translation rail (Figure 9) was calculated.

Frame Details: Conveyor Belt Base .

Mame: Conveyor Belt Base

[ ] visible
Reference position with respect to: I_Linear Rail Base w
[%,¥,Z]mm | Rot[x,y",Z'"]deg - Stiubli/Mecademic -~ [C || =
38,888 118a. 828 692,829 .28 8. 8ea -138.828

Figure 7. Relative position of the conveyor in relation to the linear translation rail

Object Details: Box_2 5 F X

Object Name: Box 25

@ visible [ Show object frame

Object Position with respect to of  Pallet e

[¥,¥,Z]mm | Rot[X,¥ ,Z ]deg - Fanuc/sotoman (d -~

328 . 888 485, 2888 232588 .888 2.888 2. 28a
+ More options

Figure 8. Relative position of the box on row 2, column 2, layer 2 in relation to the pallet
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Object Details: Box_2 5 g X

Object Name: Box_2 5

@ visible || Show object frame
Object Position with respect to i.Linear Rail Base w

[¥%,¥,Z]mm | Rot[X,¥ ,Zz ]deg - Fanuc/motoman (d -~

132.588 Sge. 288 -115.888 Og .28 2.8a28 og, 2
+ More options

Figure 9. The relative position of the box on row 2, column 2,
layer 2 in relation to the linear translation rail

After creating all the boxes, it was necessary to memorize the positions where the tool
can attach each box separately (Figure 10) and memorize an approach position to the
pallet of boxes from which the robot will depart to all 27 boxes (Figure 11). The approach
position was chosen depending on the order in which the boxes are removed from the
pallet or added, so that the tool's trajectory is not blocked by another box.

T Box_ 25 g X

Mame: T Box_25

[] visible Maove to target Teach current position
Target type
o Keep cartesian position

() Keep joint values

Target position with respect to: oj Pallet L

[¥,¥,Z]mm | Rot[Z,¥",Z""]deg - Adept/Comau/Kawa -~

328.888 4598 .888 318.888 2.888 128.888 -98.888
Robot: ; Doosan Robotics M1013 - Change config.
Robot joints:

-

-100,0% -10.30 % 75.20(% 134,15 -34.0(% -139.:%| 347.5

Figure 10. The position where the tool can attach/detach the box on row 2, column 2, layer 2
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App_Pallet g X
Mame: App_Pallet
[ visible Move to target Teach current position
Target type
o Keep cartesian position
() Keep joint values
Target position with respect to: oi Pallet L
[¥,¥,Z]mm | Rot[Z,¥",Z""]deg - Adept/Comau/Kawa -~ =
536.239 799.312 1858.378 52.825 179.976 -37.978
Robot: p-I Doosan Robotics M1013 Change config.
Robot joints:

-34.8 5| -25.4/5| 82515 B7.20/% -94.24%] -123.i/% 1095, =

Figure 11. Approach position to the pallet

For placing on or lifting from the conveyor, a placing position (Figure 12) and an
approaching position (Figure 13) were calculated.

Conveyor g2 X
Name: Conwveyor
[ ] visible Move to target Teach current position
Target type
0 Keep cartesian position
() Keep joint values
Target position with respect to: of  Conveyor Belt Base o
[¥X,¥,Z]mm | Rot[Z,Y",Z'"]deg - Adept/Comau/Kawa -~ =
-27.963 179.968 -27.942

166.368 284.979 152.27@

Robot: E‘ Dioosan Robotics M1013 Change config.

Robot joints:

-88. 7t 5| 29.09/ % 58.79/ % §9.94/5 9123 -92.17 819.1 %

Figure 12. The position where the tool can detach/attach a box from the conveyor
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AppConveyor g2 X

Name: AppConveyor

[] visible Mowve to target Teach current position
Target type
o Keep cartesian position

() Keep joint values

Target position with respect to: o] _Conveyor Belt Base L

[X,¥,Z]mm | Rot[Z,Y",Z'"]deg - Adept/Comau/Kawa -

166.394 285.115 428.882 -37.975 179.976 -37.978@
Robot: 3 Doosan Robotics M1013 Change config.
Robot joints:

-88.7tl=| 29.09/ % 58.79/ % §9.94/%| -91.2|% -92.1(% 1095, %

Figure 13. Approach position to the conveyor

Because the instruction to place or lift a box on the conveyor is the same regardless of the
box, the "Place_Conveyor" program was built, which has the following instructions: set
the conveyor reference system, set the required tool, move the tool to the approach
position to the conveyor, move the tool to the attachment/detachment position, execute
the box detachment/attachment command, and move the tool to the approach position to
the conveyor (Figure 14).

v - Place_Conveyor
N

L

<

.. Set Ref.: Conveyor Belt Base

— o\ Set Tool: Tool

"

~~ Move) (AppConveyor)

~~ Move) (Conveyor)

| | e Detach from Tool
— +~ Movel (AppConveyor)

Figure 14. Program for placing/lifting a box from the conveyor

There cannot be a single program for the instruction to place or lift a box off the pallet,
because the position of each box is different, so a program was created that only has the
attachment/detachment instruction (Figure 15).
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w B Pick
. B

» B Runconveyor

Action: The closest object will be attached Select Tool (TCP):
Attach object v @ Box_21 @ ool v
o Box 22

fJ Box_23 Measure distance as:

f—J Box 24 Default (station setting) w
lgf Box 25
(e Box_ 26
l&f Box 27
& Box 28
& Box 29
f_:ﬂ Conveyor
f_:ﬂ Conveyor oK

Maximum distance {mm):

e
=1
=1
=)
=

Ak

Figure 15. Simple program with attach/detach instruction

In the main program, the sequence of instructions necessary to lift and place each box
was implemented in an order such that, on the tool's trajectory from the position
approaching the pallet, to the box to be lifted/placed, it is not obstructed (Figure 16). The
program's operating logic diagram is presented in Figure 17.

v ‘ MainProgram
= Call Acasa
= Call Resetare

Pause 3.0 s

m‘l >4 III'! I

Run RunConveyor
. Set Ref.: Pallet
«~ Move) (T_Box_3 9)
== Call Pick
L =
—— Call AppPallet

2 1

- == Call Place_Conveyor

= Call AppPallet
. Set Ref.: Pallet
* Move) (T_Box_3 8)
= Call Pick
-~ == Call AppPallet
— == Call Place_Conveyor
I~ == Call AppPallet
g Set Ref: Pallet
[~ <~ Movel (T_Box_3 7)
- = Call Pick

= Call AppPallet

F == qall Place_Conveyor

— 5= Call AppPallet

Figure 16. The main program with the instructions for picking up
and placing the first 3 boxes on the pallet on the conveyor
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Figure 17. Logical diagram of the program'’s operation

CONCLUSIONS

RoboDK is an extremely useful software for simulating and programming industrial
robots, offering a wide range of functionalities that help optimize manufacturing
processes, including Doosan Robotics arms such as the Doosan M1013 collaborative
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robot (cobot). Here's how RoboDK can be used specifically with a Doosan M1013:
program M1013 robot without having it physically present; create complex paths, loops,
and conditional logic in RoboDK's visual interface; generate Doosan-compatible code
(Python or specific script formats depending on Doosan’s robot controller); simulate
robotic processes such as pick-and-place, welding, painting, and inspection; test robot
reachability, singularities, and collision avoidance before deploying on the real robot;
import CAD files (STEP, IGES, STL) and generate robot paths directly from surfaces or
curves; useful for tasks like polishing, milling, or inspection; integrate vision systems or
other sensors; use RoboDK's API (Python, C#, etc.) to dynamically control robot behavior
based on external data; use RoboDK to create a digital twin of your M1013 robot, useful
for remote monitoring and predictive planning.
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