2

c‘& Acta Mechatronica - International Scientific Journal about Mechatronics

2 # Volume: 7 2022 Issue: 1 Pages: 9-12 ISSN 2453-7306
Al
o
=

9 M Pick & Place automated workplace based on CC-Link IE Field basic communication

2 & Jaroslav Romancik, Marek Vagas, Alena Galajdova

oy

doi:10.22306/am.v7i1.84 ReceiwdFeb. 2022

Revised: 17 Feb. 2022
Accepted: 07 Mar. 2022

Pick & Place automated workplace based on CC-Link | E Field
basic communication

Jarodav Romancik
Technical University of Kosice, Faculty of Mechaali€ngineering, Letna 1/9, Kosice, Slovak Repultid,
jaroslav.romancik@tuke.sk (corresponding author)
Marek Vagas
Technical University of Kosice, Faculty of Mechaali€ngineering, Letna 1/9, Kosice, Slovak Repultid,
marek.vagas@tuke.sk

Alena Galajdova
Technical University of Kosice, Faculty of Mechaali&€ngineering, Letna 1/9, Kosice, Slovak Repuliid,
alena.galajdova@tuke.sk

Keywords: collaborative robot, PLC, camera sensor, commuioicat

Abstract: The article offers a proposal for communicatiotwsen the collaborative robotic system and the Basrol
concerning the CC-LINK IE FIELD BASIC communicatigmotocol. The solution tests the principle dfdstet' and
"Slave" where the preferred system is the PLC (from gheduct company Mitsubishi). In general, there reny
possibilities for communication, so this articléeots toward Ethernet-type communication. It atsdudes an innovative
interconnection of the components of the diffemanufacturers (Mitsubishi, VENGLOR, and others) aadfication
on a real application example of the typéck & Place"

1 Introduction solution's smooth operation, it is advantageoud émost
At present, collaborative robotics is on the rits. always necessary) for raw data collected from tisaa

deployment is constantly being extended to theagiyeun ~ System to be modified (aggregation). The ideal cieto
automated process to reduce costs or the neeglenrant  adjust is the PLC system. In such a case, it gfaysole of
complex additional safety devices (such as a safegg, a an "intermediary” and performs the function of pesior
firewall, etc.). The collaborative robot provides aSystem in the visual sensor hierarchy and robotic
sufficiently high safety standard for a human ofmeraear equipment [3]. Plc not only receives these datenftbe

(Or part Of) the running process. In many Casemeher, optical sensor but also so_rts them and edits thmonthe
the automated process requires using existing enap correct data type, according to the camera typethed
devices, and thus the communication solution besomgobotic device control unit, Figure 1.

more important [1]. Communication between the robot
system and other peripherals (camera, sensorstitgecu
features) is necessary for the correct and complet
operation of the automated process. The ideal isalut
especially in the "Pick & Place" cases, is to ilhsta
specific version of the recognition system, e.g.22
camera Sensor.

Visual systems have an invaluable impact on
automation processes and are crucial to their hieriase CC-Link IE Field Basic
for their many implemented functions and prograngmin
capabilities. Applications are found in processdem
rapid diagnosis and evaluation of the scanned inaage .
required. The most used parts of the visual systamthe oA ¢
assessment of the quality of the object and theecbr r 4
dimension [2]. It may lead to a significant increas the
rate of production and control of the products piaed. In
conjunction with robotic devices, their application /
increases, particularly when determining the cowrigis of ~
scanned objects in cases where it is impossilpecitisely i
define their position. However, to ensure the aatimu -

process's correct functionality and the application Figure 1 Flow of communication data between theoter
devices of an automated workstation
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2 Hardware components TCP / IP-based communication protocol, Figure 2e Th

To ensure the proposed and functional cooperation PLC device (as a preferred system) opens a comatioric
an automated workplace, we use a camera sensar (fréhannel and allows the necessary data to be exetiang
WENGLOR), a PLC system FX5U (from MITSUBISHI), between the two parties (Master and Slave). Theecam
and a collaborative robot (MELFA ASSISTA, also fromsensor retrieved from the inspection sends therirdtion
MITSUBISHI). directly to the pre-configured PLC communicationt

Specifically, the selected camera sensor has develfae device, which is specifically assigned for tyise of
tools to assist and refine the detection resulis Tlevice communication. After a successful data transmissioe
combines a color scanner and visual sensor furkctisga communication channel is closed.
result, it can scan objects of different colors;ognize ]
their_shape;, and scan and rgad 1D and 2D cpdes. 4 PLC : Vision system
addition, it includes an automatic focus functigrobject _
tracking according to the projected pattern. It edso _"—*_ |
count objects, measure their size, and determie& th | |
position [4].

MELFA ASSISTA is a vertical 6-axis collaborative
robot with a maximum range of 910 mm, a payloa of
kg, and repeatability of the position of £ 0.03 nfh It
can operate in three basic speed modes, namely:

* Collaborative mode slow (up to 50 mm / s). If
* Collaborative standard mode (up to 250 mm/ s).
* High-speed mode (up to 1000 mm / s).

Figure 2 Principle of TCP / IP protocol communicati

we want to understand the principle of
communication, it is necessary to explain the CakLE
Field Basic communication protocol. CC-Link IE Fiel
. .. Network Basic is a part of CC-Link IE Network and
~An FX5U-type PLC is a compact PLC. Thgrefqre, t1Sealizes easier network connection of Ethernet aevi
suitable for smaller applications. It is equippativhigh-  ganner communications are achieved by utilizing $.M
speed 16 digital inputs (24VDC), 16 output§nich enables seamless connectivity within all levaf
(relays/transistors), two analog inputs, and onelo@n o facturing [7]. It is a communication protochat

EEtDpUt [6]. I.t (zja_lso.contawésDa stgmtljar(? error ”.;’mg' serves specifically and exclusively used for MITSSBI
status Indication, or SD card slot. Its mogheicant  jities. The necessary condition for this comimation

ad\{antage is its IO.W price and its small si;_e. Use protocol's setting (opening) is its authorization the
options are mostly f'?(.ed' but thanks to extensmrm‘fers robotic system. The transmission and receptioratd 8y
a degf.ee of Vg”fib'“ty' The nzjos_t used e>éten5|0ms 8the PLC of the device are secured by defining thédd
expansion modules to expand Inputs and OUtPULS @l for receiving and transmitting data (Bogiey. By
memory extensions. analogy, data fields for receiving and sending datténe

.. . correspondin ORD type) are also reserved.
3 Communication principle P 9w ype)

The basic principle of the proposed communication
between the individual Pick & Place workstationgtie

Link Side CPU Side
Device Mame Fuaints Start | End Target Device Mame Fuointz Statt | End
R G4 00000 0003F ” Specif |~ | B w B4 00000) O003F
RY B4 00000 0003F “- Specif |~ | B w B4 00070| OOOAF
R dr 32 00000 0oo01F “ Specif| ~ | W w 22 00000} 0oo1F
R 32 00000 OOOIF s | Speci v W > 32! 00040: OOOSF

Figure 3 Range settings for the data fields for@@Link IE Field Basic communication protocol

Adjustment (Figure 3) means that the data storéden 4  Object detection
PLC storage area (whether of the Bool type or WORD Adjustment (Figure 3) means that the data storekdn
type) correspond to an associated address on Bwido pLC storage area (whether of the Bool type or WORD
device side (corresponding to 6000 addresses fartsn type) correspond to an associated address on Hutico

and outputs in the case of robotic devices frorjevice side (corresponding to 6000 addresses fartsn
MITSUBISHI).
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and outputs in the case of robotic devices from At the same time, the function allows the coordisat
MITSUBISHI). (x, y) and the rotation of the detected object wvittle
highest percentage of agreement with the patterbeto
determined. This information is key to guiding tbbotic

O PORT 1 . ;rigger system into the correct position to grasp the ddsibject.
W /A2 5 Application testing
/A3 The main task of the "Pick & Place" experimental
. £/A4 solution of the automated workstation is to create
#l E/A5 application that would sufficiently and effectivetlyst the
il E/A6 communication process between the various fadilitie
[RS 232 | #l TxD involved. The application's functionality is based a
il RxD camera vision, by which an object is subsequentiynd in
il nc the view field of the 2D camera sensor, Figure 6.
il nc This object's coordinates are subsequently tratesinit
2 - to the robot (collaborative robot control systeraing the

PLC device. The robot, thanks to the informaticrereed
on the position of the object, performs a graspictipn on

The PLC device also sends a color change sigrihéto the. object. T_hen i_s correctly classif!ed accordingt_he
2D camera sensor. Since the 2D camera sensor progrdtributes defined in the front (e.g., in the cepending
cannot work with the branch, changing the desidards ~ Suspending box).
achieved by changing the entire 2D camera senegrgm
by sending a specific signal to the specified outptom
the point of view of the use of functionalities,eth
"Threshold function is an excellent tool. It is a function
that filters the color of pixels based on a prefdadr.
Compliant pixels are white, while non-compliantgdxare
black, figure 5.

Figure 1Trigger pin for objects' picture capturing

@ Device Camera star [deg]

I | Module Threshold Hsv Angle Bizert (a5l

BA Module pattern March

0 Device 10 Urit

2 Module Spreadsheet

Device Indicator

G

copoppoRon0n

519.546

= Y 239.258 239.2

@ z(rot) 63,6479 63.647

Figure 2Example of "Threshold" function usage

Another excellent and frequently used functionaikty 3
the "pattern match" function. It will be used mginh -
detection processes where the shape and size objiet il
sought are known in advance. The principle of theva
procedure is to search for objects that correspotitk set

stored (database) pattern. Then, if a match is randehe Figure 3Layout of the automated workplace

system finds several compliant objects, the oné e

highest percentage match with the pre-set way 4feall ~ The automated process presupposes that the robot
automatically selected. system is set to the reference position (dependimghe

coordinates of the object being sought). The coaites
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found are then transmitted in the form of the dsfze

"String" to the PLC device. It is solved by the TCHP  Acknowledgment
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6 Conclusion
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workplaces, where the participation of robotic arims
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