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PROPOSAL OF A VISION SYSTEM FOR AUTOMATED LINE MPS 500

Urgency of the research. Research needs from this area are based on designing of effective and affordable vision sys-
tem solution with aim of automation level increasing in content industry 4.0 and should be an advantageous solution mainly
for SMEs. In overall, development direction in vision system area pointed to the necessity for innovative technologies imple-
mentation that starts from supply chains up to customers.

Target setting. Main aim of article is to propose a solution for image processing of selected assembly parts at specified
automated line from FESTO company to automate monitoring and evaluating of obtained data together with supporting of
educational activities for field: ,,automation and control of machines and processes ** of our students, at other hand.

Actual scientific researches and issues analysis. Currently, vision systems have enjoyed a great popularity, their imple-
mentation into the automated lines grown up and application range more and wider. Supporting from manufacturers is
strong, so far, we consider that useful and well-priced solution will be benefit in research area.

Uninvestigated parts of general matters defining. Existing realized and implemented solutions are based on solid whole
concept from suppliers, starting from connectivity through image processing up to evaluation of situations (pictures, state etc...).

The research objective. Purpose of an article is to provide an alternative proposal for implementation of affordable and
alternative vision system solution into the selected automated line from FESTO company.

The statement of basic materials. Most of realized projects are based on complex vision system solution. Customized
and well — priced proposal are rarely, so, we consider, that should be useful to contribute into research community in form of
an article from this area.

Conclusions. Presented article offer fundamental deployment of vision system into the automated line from company FESTO
with aim of intelligence level increasing of this line. Last, but not least, purpose of automated line will be educational training with
focus to experimental verification of students knowledges, primarily from pneumatics, compact PLC and vision system, of course.
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Introduction. Recent development in process automation emphasizes deployment to innova-
tive technologies implementation, starting with supply chains and ending with customers. These
efforts also affect assembly process; as a result of which previously used manual inspection me-
thods for various objects were replaced by automated inspection and also measurement have been
changed. In the past, trained worker was inspecting product and inspection at automated lines was
only performed on only individually selected object or product. The result at output of line was a
series of poor quality products, which simply did not pass sufficient control and consequently got
to the next stage of processing, respectively in case of final operation, directly to the customer.

However, with increasing of requirements for object quality, demands on measurement
and control process have also increased [1]. Older measurement techniques are slow, incon-
venient and impractical today. Moreover, they are characterized by lower reliability and un-
necessarily increase final price of final product. Therefore, in quality control and similar rou-
tine activities, traditional forms of vision control are replaced by machine vision (figure 1)
even with higher initial costs. Main advantages of machine vision systems are their speed and
accuracy. These systems are able to perform inspection without time loses on at the automa-
ted line, which allows quick and transparent checking of all objects without time consuming.
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The concept of machine vision deals with optical inspection at an automated industrial sys-
tems. Reliability of this inspection is mainly determined on the devices parameters selection
such as camera, lens, lighting, PC and appropriate software use. The application of machine vi-
sion is constantly increasing today and in practice it is applied in various application areas. It
allows easier and more efficient work control and it can works at high speeds under high preci-
sion conditions. With such a vision system it is possible to perform more experimental mea-
surements and also continuously checking of one captured image [3]. Machine vision is used
for detecting of object properties such as shape, surface quality or reading characters, bar codes
and printing. Typical applications for image processing from vision systems are:

e Checking of presence, colour and shade of object.

¢ Evaluation of dimensions, shape or description of object.

¢ Error detection, light intensity measurement, motion and position control.

e Checking of other tasks according to the customer specifications.

The object for vision system monitoring can be practically everything, e.g. a screw on con-
veyor belt, a biological sample or cookies in boxes, etc. Machine vision is used primarily in au-
tomation and it is used for monitoring of quality production, detecting of defective products or
control, while ultimate goal with required characteristics is achieved. Vision system scans ob-
ject and evaluate obtained image by itself or sends scanned image to computer for further pro-
cessing and assessing of accuracy [4].

Vision system at automated line. Proposed intelligent vision system can be characterized
as compact device in which a complete machine vision system is integrated. It provides all
functions from capturing of first image through processing up to evaluating and sending of
results via Internet. It is also capable for solving of demanding tasks and can perform several
different inspections simultaneously. It includes a microcomputer, which takes care for an
entire camera system. Communication with environment is provided via PROFIBUS, Ether-
net or programmable digital inputs and outputs.

Developed environment Superior system
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Fig. 2. Implementation of vision system at automated line MPS 500
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This vision system is also equipped with a serial interface that allows communication with
a compact PLC. The inspection process is created at standard computer with the help of soft-
ware supplied by manufacturer [5].

This software is then loaded into the vision system memory. The biggest advantage of vi-
sion system is increased mechanical resistance in consequence with its deployment in indus-
trial environments. Choosing of specific type of vision system was dependent mainly on af-
fordability, free version of configuration software and transparency of its activities. With aim
of this, functional comparison of selected vision system can be seen at table 1.

Table 1
Functional comparison of selected vision system
Symbol . o BVS-E | BVS-E
0); tool Title Description Advan | Univer
Check It compares average brightness value in region of in- X X
brightness terest with setting of minimum and maximum values.
Compare It compares maximum contrast value in region of X X
contrast interest with setting minimum and maximum values.
Check contour It cl.lecks.if outline (shape) of current part matches X )
outline with reference image.
It calculates edges in the area of interest and checks
Count edges |if number of edges is between available minimum X X
and maximum.
It compares width in pixels between two edges and
Compare width |checks if it lies between available minimum and X X
maximum.
Rl It searches matching pattern corresponding to pat-
W\ Pattern detect |tern from reference image and counts number of X X
[N times, where pattern appears in region of interest.
It looks position of first edge in the area of interest
=I Check position |and checks if it lies between accessible minimum X X
and maximum.
» " It calculates similarity between desired contour and
4 7 4 360° Defect | contour of interest. Deviations between them are de- i X
4 finder tected with great accuracy. The contours to be
' checked can also be selected during parameterization.
o It searches and counts all outlines whose resem-
-3 360° Count |blance to the desired outline if is greater than speci-
. N . - X
» Contours fied value. The position in image and its angle of
— rotation are output for each contour.
abC/\ Optical It checks presence and correctness of "learned"
\,_//\ ch.aract.er characters. i X
verification
e It reads following barcodes: Interleaved 2-of-5,
mmﬂl" Read barcode |Code 39, Code 128, Pharmacode, Codabar, EAN 8, - X
EAN 13, UPC-A, UPC-E.
oD .
ﬁ Read (Ci?)?emamx Reads datamatrix Code: Datamatrix ECC 200. - X
% Read QR Code |Reads QR codes and Micro-QR codes. - X
EL. e

Since the task is to select an economical advantageous vision system, the lower price for
BVS-E type is an important factor in selection of system. However, it is also necessary to take
into account functions of compared vision systems, their usability for deployment to the MPS
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500 automated line and possibility of future exploitation in education of students in laborato-
ry, where Festo MPS 500 automated line is located [6].

Selected vision system has integrated evaluation electronics, illuminator and two digital out-
puts. It combines functions of BVS-E Ident and BVS-E Advanced vision systems into the single
device, which greatly simplifies spare parts supply and allows it for using of almost any inspec-
tion task. The result of inspection is signalized by two states (OK and an Error). This signal is
transmitted via digital outputs, Ethernet or RS-232 interface. Universal vision system can locate
and verify up to 40 barcodes per second, regardless of their position. Collected data from reading
codes are transmitted through interface for further processing (image, shape, etc.). Thanks to the
Optical Character Verification (OCV) function, we are able to verify printed letters and numbers
of selected vision systems to obtain information on the batch or object expiration date.

Fig. 3. Chosen vision system BVS-E Universal from Balluf Company [7]

This vision system comes with different lens versions. One of the latest innovations is the com-
patibility with infrared light. The wavelength of integrated light is shifted from original 630nm to
the new limit of 870nm, which is classified as invisible to human eye that will certainly be appreci-
ated by any employee working near a similar facility. A standard feature is an integrated light filter
that prevents ambient light from affecting of unit control quality and thereby increasing process reli-
ability [8]. Power supply and peripherals of vision system are connected with two proven standard
industrial M12 connectors. Table 2 shows technical specification of vision system.

Table 2
Technical specification of BVS-E Universal vision system
Camera system code BVS UR-3-001-E
Picture sensor CMOS - monochromatic
Resolution of sensor 640x480
Object lens 8 mm
Working range 50-1000 mm
Vision field 24x18 — 480x360 mm
LED colour, wavelength Red, 633 nm
Voltage Us 24V DC +10%
Current with no load, Io Max. 200 mA pri 24 V DC
Switching outputs 3x PNP - Transistor
Digital inputs 1x Trigger,1 x Select
Interface for parameter setting 1x M12 4-pin — Ethernet 10/100 Base T

Automated line MPS 500. This automated line from FESTO Company introduce a compre-
hensive solution for automation of assembly process, both for educational purposes and for scien-
tific and research activities. It contains many input and output devices and actuators, what makes it
an ideal training place for engineers and technicians from industry. It is designed to cover many
technical possibilities related to the issue of modern automated lines that are usually used in indus-
try, see figure 4. The automated line consists of 5 stations: 1 - distribution and testing station, 2 -
process station, 3 - assembly station with robot, 4 - handling and sorting station, 5 - transport system.
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Fig. 4. Automated line MPS 500 at Department of automation
and human machine interactions, TUKE:
1 - distribution and testing station; 2 - process station; 3 - assembly station with robot;
4 - handling and sorting station; 5 - transport system

Automated line verifies basic principles of pneumatic and electrical systems, their control
and mutual communication between individual stations. Thanks to the Mitsubishi RV-2AJ
robot station, it is also possible to focus on the basics from standard industrial robots prog-
ramming. The main advantage of MPS 500 line is its modular concept. Line configuration
uses all available stations; its centre is a conveyor belt at rectangular ground plan [9].

Conclusions. The installation of a vision system on an automated line MPS 500 assumes
object recognition and subsequent signalizing on light beacon. Solution assumes connection
with a compact PLC from Siemens. From a constructional perspective, system is coupled to
the respective rack at corresponding height above the line. Initial testing showed a poor scan-
ning speed of vision system. Regarding to this situation, we decide to scan objects in a static
position with help of pneumatic piston to stop the movement.

Acknowledgement. This work has been supported by the Slovak Grant VEGA 1/0330/19 -
Research and design of algorithms and systems for the fusion of heterogeneous data in multisen-
sor architectures.
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mponoO3nuIsaA CACTEMU MAIIMHHOTI'O 30PY
JJIsI ABTOMATHU30BAHOI JITHII MPS 500

Axkmyanouicme memu oocnioxycenns. Illompedu 6 eany3i KOHmMpOJIo AKOCMI 6UpobHI6 TPYHMYIOMbCSL HA PO3pooYyi edhek-
MUBHO20 Ma OOCMYNHO20 3d YIHOIO 8APIAHMY CUCEMU MAWUHHO20 30PY 3 MEMOI0 NIOBUWECHHSL DI6HS A8MOMAMU3AYIL KOH-
menmy 6 inoycmpii 4.0. Lle mac 6ymu ucioHuM PilleHHIM NepesasicHo OJisi MAIUX MA CepeOHix NIONPUEMCMS. 3a2anom Ha-
NPAMOK PpO36UMKY 6 001acmi cucmem MAWUHHO20 30pY 6KA3V8AN0 HA HEOOXIOHICMb 6NpPO6AOIICEHHs ITHHOBAYIIHUX
MexXHON02IU, NOYUHAIOYU 3 IAHYIO2I8 NOCIAYAHHSL BUPODI8 CROJICUBAUAM.

Ilocmanoeka npoonemu. I'onosroio memoro cmammi € npono3uyis piwientss 0t 06poOKU 300padicenb BUOPAHUX CKIA-
OanvHux demaneu Ha 3a0awitl asmomamu3o8aniu ainii 6i0 komnanii FESTO 0na agmomamusayii MOHImopuHzy ma oyiHKu
OMPUMAHUX OAHUX PA3OM 3 RIOMPUMKOIO 0C8IMHBOI OIILHOCMI 8 2aNY3i «A8MOMAMU3aYis Ma YNPAGTIHHA MAWUHAMU | NPO-
yecamuy 051 HAUWUX CMYOEHMIB.

Ananiz ocmannix oocnioxcens i nyonikayin. B oanuil vac cucmemu MAUUHHO20 30py KOPUCTIYIOMbCS 8EIUKOIO NONY-
JIAPHICIIO, 4 IX 8NPOBAOICEHHS 8 ABMOMAMU306AH] NiHIT ma 061acmi UKOPUCTNAHHA ROCMIIHO po3uwuptotombcst. Cnocmepi-
2AEMbCAL 3HAYHA NIOMPUMKA 3 OOKY 8UPOOHUKIE, W00 NUMAHb O0CIONCEHH S PIZHOMAHIMHUX PIULEHDb Y OAHOMY HANDIMKY.

Buoinenns neoocnioscenux wacmun 3a2anvhoi npoonemu. Icnyioui peanizosami piuients 6a3yiomscs Ha YINiCHIU KOHYyenyii
610 NOCMAYANILHUKIB, ) SIKY 6X00UMb 00pOOKA 300padcetb ma YiiCHA OUIHKA cumyayinl (3a2albHull 6UIA0, CMAaH Mouo).

Ilocmanoeka 3aeé0anna. Memorwo cmammi € HAOAHHA NPONO3UYIT WOOO BNPOBAOAHCEHHS OOCMYNHOT MA ANbMEPHANUG-
HOI cucmemu MauiuHHo20 30py y 6UOpany asmomamuzoeary niniro 8io komnanii FESTO.

Buknao ocnoenozo mamepiany. binvuwicms peanizoganux npoekmia IpyHmylomscs Ha KOMIIEKCHOMY piulenHi cucmemu
MAWUHHO20 30pYy. IHOUBIOYaIbHI ma Hedopo2i NPONo3uYii cucmem MAWUHHO20 30py 3YCMPINAOMbCs 0OCUmMb pioKo, momy
00CIOHCEH s 0COONUBOCMELL IX BUKOPUCINARHS A AHANI3Y CIMAHY 6UpPoDOie OYO0ymb KOPUCHUMU OISl HAYKOBYLE 8 YLl 2aJ1y3I.

Bucnoexu ¢ionogiono oo cmammi. Ilpeocmasnena cmamms NPONOHYE NPOEKM CUCMEMU MAUUHHO20 30pY OJisl A8MO-
Mmamuzosanoi ainii 6i0 komnanii FESTO, wo 3 it 3acmocysanHam niosuwums pigens Konmpoio skocmi. Kpim mozo, uxopu-
CMAHHSL 3aNPONOHOBANHOT ABMOMAMU3Z08AHOL IIHIT Y HABUAILHOMY NPOYECi NOKPAWUMb SKICIMb 3ACEOEHHS MAMepIiany cmyoe-
HmMamu ma 003601UmMb NPOBOOUMU eKCNEPUMEHMATIbHY NepesipKy iX 3HAaHb, Hacamnepeo, 3 nHegmamuxy, komnakmuux I1JIK
ma cucmem MAUUHHOZ0 30p).

Knruoei cnosa: cucmema xamep; asmomamuz08ana Jitis, npoyec CKIA0AHHs, CUCTNEMA MAUUHHOO0 30D).
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