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Introduction
In recent wears, new developments in cloud-
o ted smart sensors and smart machines
arose with the adwent of the Indernet of things
(1. Insegrating |oT makes It possiole 1o
monior and oonteol mackenes. and mstallanans
Inditiduitty and continuousty, and to see how
those can mteract intelgentiy: the indiustnal
Internet of things k7). In doing sa, smart
sersons in machines, installations, processes,
bankdings, and logstics produce an BROICLS
amount of data (oig datal.

ahhough big data s a potertial goldmins for
ariy Companny, many companies are not yet fully
comaneed ol the apporturetses that e theren
et the gigantic amount of data that companies
produce o 3 daly basis would alow them 1o
increase ther marked effioency and to predict
future cppanunities.™

There s the mesconception that big data
s & privhege for large companies and high
bugigets. Farlunatedy, thowgh, that is hislory.
Prices for ansliytcal software, cloud access
and smart sensoes have dropped significantly,
enablng start-ups and small and medism-sied
enterprises (SMEs) to purchase them as well.
Tresie is & chear nesed 1o 3 bourth industrial
revolution — known as Industry 4.0 - that
integrates koT ard masimisss the benefit of
bag data collected, in arder to oreate uptime
Improvements, cost raduction and libetime
exlermion ol ageing asels ™

ndustry 4.0 |5 an upcoming movemeant
i manulacturing indusiry which sirives 1o
connect all machinery and data to create 3
factory which b “smart” ard “flesible”. The
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ABSTRACT

In 2017, PXL University of Applied Stences and Ans (Belgium) started a
multidisciplinary project called Smart Factory. in this project a simple automated

proguction line was transtormed into & smart production line by integrating an

Emterprise Besource Planning system and a product eonfiguration application.

In addition, students designed a digital twin for educational purposes to
visualise the benelils of data and the communication between machines, Le. the
programmable logic comtrellor (PLC) and a clowd databasa,

In this research project, a lving lab was mads, in which the communication

betwesn the PLC (Bedehaff), a deud cemputing platform (Microsoft Azure) and

the ERP [Fujitsu Glovia 62 inchuding fattary planning) could be visualised and
demonstrated in order to show the benefit from machine data and machine
learning for production and maintenance.

Pl Hectromechanics msearch toam inthe
department of Green & Tech, in coliaboration
with Backhal, Fugitss Glowa G2 and Gevaplrst,
condcted research on:

= how 10 make machines smart by
mmplementing artfioal nteligenoe;

hiow to connect this data into the
maintenance anid producton planning of the
ERF tool Glowia G2.

Resaarch goals and approach

In 2017 the project Smart Factory started at
the FXL Terh Department of P University of
Applied Scences and Arts In Belgium, when
dhiferent studont grouges renewed an old Fard
production line and gave it a new application
35 3 Production ling for candie holders e
fiquee 1)

At the same time the researth group was
wiorking on creating a hang lab at FXL tech wath
twio main goals:
= implemeanting machine learning in a Beckhatl

tomated system;

= implementing Glovia G2 on the production
b aind Incking for ways to genarase
production orders for work orders - Wi &

ﬁgu-re 12 O Fioed prosuction [ine at PRL Tech (2017)

werdl a5 maingenance orcers (or srrace work
andars - W3 in production planning

The witimate paal was be create 3 smart

factony that allowed users wo

= predict speoming fahses;

= test and demonstrate machine bearming:

= demansirale the commurscation between
the machires, Azure Machne Learming, the
Beckhoff PLC, Glovia G2 and o visualise the
mal-time data

The Frst phiase was a iteraturs enew which
comgpared different possibitties regarding chowd
shorage, wsual sation and machine kamng
In parallel with the literature revew, design of
the nevw production ling, the development of a
bursiness. blupprint and the implementation of
Ghowvia G2 began.

The subseguent phases wense coeating a Iving
lalb oon the PXL campus and transfering the
method 1o the Beigian comgpany Govaplast BV

Results

Litarature raviaw

The: literature study was conductad In onder to
decide wihich was the best anabtic method,
visualisation and cloud storage for this researnch
penject. The following parameters wene Laken
Into accourt i the study: price, communication
coticns twith a PLC and ERF tool, user
Friereliress and programiring language.

The chiokce of 3 particular onbne storage tool
stromigly depands on the number ol messages
sant per day or month. For small applications
such as the PXL living lab (less than 8000
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messages per day), Azure was cheapes, as this Y ——
vondtd be e e af charge ]

For data anakyis Azure Machine Laaming & e
TABAL] wears wzed because of s weas-Triendiness, -
wihech requrnd minimial prior Enosdedae in
prOgiamiTing. As shown in figure 2, ANL uses
a veual progeamiming lanquaige based on the
iead ol “Dones and STows", i which bones
o other sereen ohijecks ane tealed a5 ertibes,
connacted by amows, bines or ancs which
reguresenl selalicens. The visual inlerface olfers &
nch sat of modulies covenng data preparation,
Teatune engineering, raining algosithms, and
madel smhiabon. Furtherman, i s entirely
web-tasad: no saftware instalation 1= required
R i ey with Microsofts Power BI
weuaksatian tool to ysualss mal-ime data a2 e c e L . it

sich i Uhe burnaround lime of onders, e ol i x =T
walting hime, aeeraqe pmducton tme, the ratin I """"l = :_,.':‘——-:_‘:_h\ ____,.-—'-"'"‘-}
between sucoessfid and falked opdes and overall - o . F

eoupment efectivenes oo figuee 3) - : . .

Hure 3 bxampls of DEF wisualisation in Power Bl

Design of the living lab
Glowia G2 15 an ERP ool developed by Fujitsu
Glovia, part of the Fulitsu organisation. Glovia
G2 15 made by the manufachring mdustry for
the same Industry. It advanced ERF technology
ran be applied 1o all prodiechon concepts
make-o-order, make-to-stock, asemble-1o-
order, comfagure-to-ondor, and engineer-to-arder. ' -
Glovia G2 has an open architecture: i suppOMs { =]

ML, 50w and web serdces, so linking to

nither applications 15 no problam. This allows _t_rg_\

orEnkations to collect data from varous R K -

apphcatons. Vakiable information ran be Wy | e
extracted from this data, eak-time Inslghts and GRTR) |

stalistics can be foliowed and inspected. ™

x
The mast Impartant aspect was to oeate an
——
effective siructure in Glowia G2, keeping n mind v - e e
the possibility to imglement mainkenance wark

orders in the proguction planning.
Becaurse of the intricacy of Glovia G2 and the rese—
many options it affers, this stedy only foruses AL i, Cote
on the basic features which are required- e
oreating sakes orders (5], work arders (WO, O e s o s
POt Pt reee
service work oooers (SWGH, and redeasing work. W Wk e
o ders as visualied in ligune 4, ;l::n':-n
The maln difficuity in this phase was 1o m.m":_' SRy—
integrate maintenancesenice work orders inlo
production planning. Therefore, a warkaround
‘was Created in which an exira pradudt item Figure 4 Workfiow GLOVIA G2
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wias atlded Tor every machine, namely “product
machme mantenance”. Thes simple exta
product fem anabies tha PLC to equest 3
mainbenance aclion for a specilic machine,
harsed an the ouscome of the AML arclyss

Wihean ARIL receies messaement dala fom
amachine outside the predelined operating
paoint, AML will s2nd a message 1o 1he PLC with
an amnciied bevel of wogency The PLC waill
then make 3 request fior a work omer in the
prochsction schedule. The ungency will depend
on the extent of the dewahon from: the noomal
operating poinl. The measurement data are
current, woltage, lemperature amd awrage
wibration valus.

maching kaaming
Tor discomer and test the passibililies n
AML, readily available data from the Pl
campus ware used. A small test project
wars designed o intelligently control the
wentilation of a classroom hased on the:
nurmber of students present, the tGmetstle,
the current temperature and carbon diosde
concentration, the outside temperature and
fthe curent wentilatan kel

The abjective was to maintain the C0, value
below 1000 ppen. Before 2017, the campus
buldng occasionally had CO, values higher
than 2000 pom. The first improvements were
measured 0 2078 The solution uses machins
learning to predict the C0, concentration In
real time bath ane kour and fwo howrs inthe
fusture by companng the stuaton at a ghven
poirit with historical data. Ventilation control
uses this prediction 1o adust the ventilation
level accordinghy.

dmin R [ Lim - )

Tablke 1: Distribution of measured 00, concentration
Iy

Table 1shows that in 20018 0,
concerration mmaned below 1000 ppm
about 70% of the time. The value of 2000
PR was aimest never sscesded. Morecwer,
the dassrooms wene used mone frequentty,
et energy corsumplion hardly increased,
sugestng that the nteqratiom of machine
learning Improved classroom comfort
corsiderably, with kower energy costs on g
of that

Ater this test project, it was relatively ecsy
#0 translate the machine kesrring sppmach
o the produdtion ine and, based on machine
dlala, make th machine sullicerily inlelligent
that It could predict failures and assign a
leved of urgency, The PLC thesn translates this
Information Inko & service work arder and sends
a senvice wiork order sequest 1o factary planning.
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and co
Ta establish communication between Glovia
G2, the ALC and Azure Marhine Learning,
semvrral differenl conneclions had to be
estabishod 10 gree a hetter undarstanding of
hioww all thise Sysbeqns were connedled o exch
other, a network tree was created (Rgure 5)

5‘““—“

Fgure %: Communcabon iee

Thie MQTT broker

In this progect an BAGTT broker was used. This
15 & software messaqing protocol hosted on a
chwice such s Linue sevver o a Raspbcary P
It 15 usad fo communicate betwessn different
dheices and sereors, The bioker used in this
progect was Erlipse Sosquitin, which s a
lighhwsight opersource message broker®!

Brokers allow for comenunication between
devices through a publish-subscnbe pattem .
O or moee devices can publish proces data
fna “togic™ on the brmker A topic can best be
desribed as 3 fres space inwhich data can be
stomd. When other devices need this dala for
their process, they can subsonbe to this topic.
fhewe is i data awailable, thes wall be pushed
1o the subscnbad devices,

To store the machine data, two types of
database were used Glowa G2 1ses a Microsaft
0L database to siore all the data, while a
BySCHL database s used to stoer process-related
data such as the event log. The databases ane
comparabike and largely e the same code.
Data is stared in the farm af tables.

Databases: MySOH and Microsoft SQL

o obtain data, different 501 spectfic
commands ane used, These commanids can
range from short and smple 1 lang and
complex commands. For this project, only a few
fairly sample commands are required. There 1=
thee *SELECT™ commarned, which selects certain
data feom a table This command often moquies
the help of specific filter-commands such as
hee “WHERE"™ commiand. 5econd, the "ORDER
BY" command s used fior ordening the data
according to one of the variables in the table.
Finally, anather man command “INSERT™ is
used to acd a niew row of data in 3 table.F

Mode-RED

Mode-NED & a development tool used o
wirtually connect vanous hardwane devces,
application programeming interfaces LAPH and
onling serices wilh sach olbes ™ The soltwere
wall sat these links by connecting nodes together
wikh wires, creating projects which e called
=flowws”_ Mode-RED can run on small and low-
st devices such as a Raspherry 1 or anothes

asse

nagement

Linun-powsesed device. In addition, Mede-RED
allowws Tor LevaSergit unchons and mode 1o be
expouted, Howsever, 3 salaction of mary useful
lunctiors & akeady peesend in funclion e,

The fices fromn the Smart Factory project
shions hal The conneclaons in Mode-RED am
fairly straightiorwand. First, Node-RED suimcribes
10 the Comedt MOTT Lopic with the broker so
Ahust it will recrive updates s soon s new dats
hemes aailile. Second, this sting of data
is reformatied throwgh & ISON rsde. Third, a
piece of lavasonpt cnde 15 wsed o change the
incorming data to a MySOL insasrtion command.
Finally, thes command s send be a MySOL
database which inserts the data mto the comect
Hable,

Communication with the ERP system.

In Glimaa G2, new wark arders far produciion
and maintanance cpdes are created. To send
these work oeders. to the: production line and gel
an update on the status, & wo-way conmection
wars eslabilehed. & seeond connection i needed
i o all e producton details i a dedicated
yent og which will be stored in 3 MySCL
databhass, Thes meant that knowlodge about
WS 0L and Mode-RED had to be acquired.

Visualisation

As s0on as the connection between the
productan ine and the MySOL &ent Iog
datzhase 15 established, the data can be
wrsigilrsed and analysed 1o caloulate the mist
Imporiant perfiormance indiators (EFs).

For the visualBation Power Bl was Chosan, 3
Microsoft software package which makes it
possibde to process raw data and turn It into 3
ssualsation M which can show the wanous EFs
of the production process.

=R
=0
Fiigure 6 Communication e with Fower DI

Prwwer 81 15 comparablie to Microsoift Exeed,
but distinguizhes itsalf with fis extensive
functicnakities and the ability 1o process large
quantities of data in a short pericd of time.

The data used in the analysts of a Power BI
proram can be obtaned from many different
sources such as MySOL databases, web senvices
or Excel workshests. This project detived the
data from the MysOL detabese.

To prepare the data and oeate exdra
columins of tables, Powsr Quenes and data
analysis expressions (DAX codel are used M,
Porvwer Quefics are pre-prograimimed aclions in
Fower Bl which can be used when only simple
equations mesd to be partormed. For comple
actions, DV code is the bettar opticn. These
are manually wiitten ines of code which



resermibthe Excel formulas and Visual Basic code.
The same DX code & used when oeating
measures, which ara momentary caloulations
st resturn by ore value, These messunes are
el 0 calrulate the predefined KPs

The diflferent pages on which nlornation
can be veualmod n Power Bl are callod
dashboards. To make elactie dashboards,
such as crverall eouigiment eflectiveness,
farnamud time oo, waiting time, average
et lirme and so on, this alo mesds
tn be implemantad in the FLC programming
Therebore, the time between every aclion in
the produchon fow is stored in an cvont log
datshase iz dhustratad in fiqure 7 below)
Figure & eventlog
production liming

Implemantatian in a company

The qoal to mplemant the project In 3 Belgsn
comparty was cancelied due bo the Cowd-19
pandemic and replaced by creatng waorkshops
ard an educational digital twin.

The warkshops wers dessloped o transfer
the methodology to the Govaplast NV company:
The wmrkshop i based an the S Sigma
concept, in which data collection and analysis
15 ane of the most important and often difficun
staps af the process

The educational digital twin was developed
i create mom production data qeackly wathous
making real products in the Iving lsb. The
eohucational digital twin can semulate a full
production day in one hour, without any manus!
interaction. This makes it possible 1o start the
system at the baqinning of a workshap. while
the production [s running, the teadher an
then take a thaoretical approach to anakmsing
production data. When at keast one hour has
elapsed, a practical analysis can be perfommed
basad on the data generated by the smulabion.

higuie £ Prntsereen of the educational digital twin
In this digital twin, adjustments were nesded
in the PLC Code and the Power Bl program ard
it needad to be connectad o a simulation n
PLL training package Factory VD, For example,

in the PLC progeam, the comnedion wilh the
Ghossa G2 sysiem i removed and replaced by
an axtra plece of PLC code which comtnuoushy
ks s oiders b the dalabise. Dilferen
prcdiscton omders and maintsnance orers: are
generaled Complelely a1 random.

The adprtments that had so be made in
Poweet Bl were mostly nelabed to the ime-relted
cakulation Smee s full procuchion day is row
enuivalent i one hour i reality, thers wers
sore acldfibional challenges, parliculatly when
estabishing the relationships betwoon differant
Rables.

Tor croate a pealstic amulabon, some failures
wern deliberately intagrated mto the smulation
The=er cwrwrs can be divided indo ermors refatod
o "performance” losses (e g, waiting fimes:
N Al Bhe process ook in excess of Uhe ideal
prodischon tme) and those relsted 1o =qualty”
loeses de.g. bosses due i rejected or ncomadly
produned prokducts or product combnations:
Incomect matenal as well as Incormect colourh

in the PLC wisuabsastion it s possible (o define
the number of faiures that wall coour m the
simulation.

Al ths mfamation can b wsualksed in
several dashbaards In Power BI see fiqurs 9-11)

Figure 11 - Dashboasd Prozess state

Conclusion

The project has demorsirated that it is possibie
o make machings and production lines of
processes so intebigent that they can predict
taiures and schedule preventive maintenance

- asse Eanag&mem

i production planning acoonding o the level of
gy,

T realse thes, a austom-made middiewars
bayer (e Errsic manulacturing execulion
systarn) wers croated as shown in fiqee 17

EECTTCL] -

Figure 12 Custombsad MES for communication

T supporl SMEs, a workshop was, dessloped
i which the researchers thoeoughly disouss and
teach he dillenent steps in ths process, making
e of the smart factony bung kab at FxL

Figuie 17 FXL liwing lab semarl laclory (20150

in addition, ance tha process of aeatng the
infeligent production bne has been camied o,
Fowsar Bl can abso serve 1o Manitor Improvement
and make sure that it lasts.
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