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Izzivi - NarascajocCe zahteve kupcev in stevilo variant izdelkov

Bicycles 1980

Bicycles 2017

* Over 63 different bicycles from just one manufacturer,
available ...

in different frame sizes,
in different colors,

with different forks,

with different gearshifts,
with different handlebars,
with different cranks,

etc.

A huge amount of product
variants must be handled!

Theoretical variance DSBC:
195,360 combinations
plus SA (special applications) and EWK

Vir: FESTO




® Povecanje ucCinkovitosti, razpolozljivosti in
zanesljivosti proizvodnih, logistiCnih procesov itd.)

‘PO\M jt|c| evkLvnénosti (OEE, ...)
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Ucinkovitost
(proizvodnih)
procesov v
vecini
podjetij

DV: 5 to 10%

NDV: Potrate!
90 to 959%



Od 13.0 do I14.0| Poudarki posamezne industrijske revolucije

1. Industrial
Revolution

Y

Mechanization:
Mechanical production

Technical
inventions

2. Industrial
Revolution

s £ £

(oo eoosceceesese

Industrialization:
Mass production

3. Industrial
Revolution

)OO ¢

Organizational
inventions

Automation:
Electric automation

Technical
inventions

4. Industrial
Revolution

D) f{ O
El

Cyber-physical systems:
Integrated automation

Organizational
inventions

Vir: FESTO



Napredni proizvodni in logisticni sistemi in procesi

REAL VIRTUAL Fleksibilni, agilni in transparentni proizvodni in
REALNO VIRTUALNO logisticni sistemi so kljucni za dvig
= . produktivnosti in dodane vrednosti.

Tehnologija DIGITALNIH DVOJCKOV z vgrajenimi
DIGITALNI AGENTI na osnovi Ul omogoca
izvajanje samodejnih odlocCitev, sprotno
programiranje in kreiranje delovnih ciklov robotov
in drugih podsistemov v realnem €asu brez
programiranja v naprej.

Pametna
Smart robot robotska  Smart production
Legend / Legenda cell celica nodes

f Pametna proizvodna
r== Material flow
|| Assembly station Materialni tok vozllsca
| _ _, Montazno mesto
Wareh Information flow
arehouse Informacijski tok
Skladisce ode 7
B Information between

~ | Manual assembly < subsystems
J Roéna montaZa Informacije med
o podsistemi
a P
Local digital twin

Localni digitalni
dvojéek




Pametna tovarna

Mr. Fischer‘s ~ y I have space for Mr.
: orderisready. A § ? ' Fischer’s order.

A et
Pleasecheck the
motorwithin the next

Maintenanceis
scheduled for
tomorrowat 9.

e

I’'mreadyfor
collection.



Pametni Proizvodni Ekosistemi

Cloud systems

PLM (Product life cycle management)
SCM (Supply chain management)
ERP (Enterprise Resource Planning)
CRM (Customer relationship management)
Cloud ti HCM (Human Capital Management)

oud computing gy (Manufacturing Execution System)

CYBERSECURITY

/ADVANCED MANUFACTURING SYSTEMS\\

COLLABORATIVE Zero errors and deviations; ! Self-adaptation and reactivity \
CLUSTER Predictability ', ! Digialization and automation
& :Traceability
| o

Mass customization

SUPPLY Collaborative systems
CHAIN 4.0

Cyber-physical system (CPS)

Internet of things (loT)
Machine to Machine (M2M) SMART
CIRCULAR Robot, cobots, collaborative robots FACTORY 4 0

ECONOMY Machine learning
Augmented reality 1 /

SMART FACTORY 4.0 - 2 /

SMART FACTORY 4.0 - i J

MARKET

Smart product
Smart service

i SUSTAINABILITY

renewable

Zero impact
. Corporate responsibility: damage regeneration

Vir: Peralta, Soltero, 2020



Proizvodnja prihodnosti (pametna
tovarna) - izdelki morajo ...

... imeti edinstveno

..imeti standardizirane identiteto in spomin
mrezne vmeshnike [2001:0db8:85a3:08d3:1319: 0
é L S————— IPVG 0:7344]
5 — OPC UA —
4
: ...nuditi avtonomijo
1

2

Resource and Energy
— madal
| Service mode! .. biti obravnavani kot
(I“h: Communication model a bs.‘. r,a k.‘.n | o bJ e k1. i ..
=- 7: Product model o

-, _..biti lokalizirani v
— vsakem trenutku

®1 CAD model

... biti popisani z modeli

Vir: Ziahlke, Smart Factory, 2015



I 4.0 > Izzivi avtomatizacije vrednostne verige

Vele-podatki v Pametni tovarni

Structured &
unstructured data

@ Devices, Collect
Sensors,

Internet of Things Stream

?.‘_ Social media, open
. ’ data,

linked data

Cleanse /
Transform
Model / Learn
Analyze

Find
Decide
Navigate

Research &
development, ¢
science &

Interactive
‘/\/r reporting,
advertising

Operation, ‘1
automation,

production

Strojno ucenje namesto programiranja

Historical
data

Computer Computer

W
Data Data
o

AI: Srce pogona rasti svetilniskih podjetij v svetu

Svetilniska podjetja
v svetu:

Foxconn Shenzhen, Bosch
Automation, BMW, Tata Steel,
Procter & Gamble, Rold

Vir: Jay Lee, Jaskaran Singh, Moslem Azamfar, Industrial Artificial Intelligence

Vir: FUJITSU



Vpliv industrijske AI: Od resevanja vidnih problemov, do
preprecevanja nevidnih problemov

»

Value creation using Smarter

Utilize New Knowledge Information for Unknown Knowledge
/Technologies for Value- s  Waste Rediiction

Avoid | added Improvement s  WhikRedattar
e  Worry Free Manufacturing

Standardization and Utilize New Technologies to
Continues Improvement for Solve Unknown Problem

Solve Problem Solving

Visible Invisible

Vir: Jay Lee, Jaskaran Singh, Moslem Azamfar, Industrial Artificial Intelligence



Arhitekturni model uporabe Al
v industrijskem okolju — analitika podatkov

Control Optimization & Design Feedback
Parameter tuning for extended machine life and
better product quality
Design improvement

- Operation Technology

Visualization and Risk Assessment
« Risk assessment-based maintenance
decision making

Time Machine and Fleet-sourced
Prognostics

Adaptive clustering
Fleet-level prognostics

}
1

%
o

Feature to Information
Machine leaming tools

BELOE

QUGBS

— Analytic Technology

Data Acquisition and
At-Edge Feature
Extraction

- Data Technology

Platform Technology

Vir: Jay Lee, Jaskaran Singh, Moslem Azamfar, Industrial Artificial Intelligence



Prediktivno vzdrzevanje CNC stroja z digitalnim dvojckom

[4- Virtual System Layer| e \rchine Tool Cloud e
* Model Building and Update Seiver :’ i 5; ’S'e'rvice Layer asaease,

* Real-Time Simulation/control | '« Infographic Representations

* Prediction and Optimization i 3_ Big Data Analytics Layer‘ '+ Bearing Prognostic as a

Service ,

. o ’I‘ N '» Snapshot Collection s '+ Soindle P " SiEvice!

9&; } umng oos: .. Industrial AT i ?ﬂ " Spmdle Drognos ic as aS ervlce.
s * Bearing Twin ' 's Deep Learning »ﬂ Y o~y pindle Diagnosis as a Service |

Shop Floor Twmw y '» RUL prediction ﬂ : '+ Data as a Service
........ Spindle Twin :
r Machine Twin ! ’——}E : 7
| ’ A—
: Time "

Machine

Machine
Cluster

2- Conversion Layer |

‘ :' Fog/Edge Computing i ‘s Wired/Wireless Connection -
+ IMS Watchdog Agent i ‘
'« IMS CYBERBOX

Vir: Jay Lee, Jaskaran Singh, Moslem Azamfar, Shahin Siahpour; Integration of digital twin and deep learning in cyber-physical systems: towards smart Manufacturing, IET Journals, 2021



25 vodilnih drzav v in Industrial Digital
Transformation - alphabetical order

Austria, Belgium, Canada, China, Czech
Republic, Denmark, Estonia, Finland, France,
Germany, Ireland, Israel, Italy, Japan,
Republic of Korea, Malaysia, Netherlands,
Poland, Singapore, Slovenia, Spain, Sweden,
Switzerland, United Kingdom and United
States.

Vir: World Economic Forum, A.T. Kearney, 2018



DIGITALNI DVOJICKI
In
DIGITALNI AGENTI




Digitalni model proizvodnega procesa

VHOIDT {TAAHOIDT

proizvodni plan
matenal (polnzdelka
energija

proizvodni plan
podatki o maternialnem toku
podatki o energiji

podatki o
{polizdelkih

T/O list - T/O list T/Olist —— > T/O list T/Olist —— > T/O list
program NC ————— program NC ————— program NC
RE_data — — > RE_data RE_data > RE_data RE_data ] > RE_data

TS data———— > TS_data TS_data————— > TS_data TS_data ———— > TS_data

TD TD TD TD TD
CD ——— cD CD v CD CcD

CT CT CT
cT 7 mp T ) i
mp operation 1 operation 2 mp . mp operation n

R p—
MD MD

MD MD  MD
MC N r* MG MC

HR HR HR

energy » waste energy energy




Vloga digitalnega dvojcka pri podpori krmiljenja
proizvodnih procesov in operacij v kibernetsko-fizicnih
proizvodnih sistemih

Management level

Data and decisions

A Objectivesand constraints -

AR

SR

CYBER PHYSICAL SYSTEM

« PRODUCTION SCHEDULING
« HEALTH MONITORING
« ABNORMAL BEHAVIOUR PREDICTION

« ENERGY MONITORING

Planning level DIGITAL
e A Data and decisions TWIN 4= PRODUCTION MONITORING
Supervisory level 4= SAFETY MONITORING
4= QUALITY MONITORING
PLC Data and decisions P
Control level ! )
1 r'y
CYBER WORLD
PHYSICAL WORLD *
PHYSICAL &
EQUIPMENT *’
—/

Vir: Elisa Negri et. al.: Field-synchronized Digital Twin framework for production scheduling with uncertainty, Journal of Intelligent Manufacturing, 2021




VHODNI

PODATKI
(proizvodni plan)

Ekspertni sistem s simulacijo
v REALNEM casu

Baza
podatkov

Vizualizacija in
analiza statistike
prej - potem

Realni proces

|ZHODNI
PODATKI

Zbiranje podatkov
procesa




SIMULACIJA, DIGITALNI DVOJCKI in UMETNA INTELIGENCA

> Optimizacija tlorisa proizvodnje, razporeditve G o = I
strojev, podsistemoy,... R | [STa)s]
» Analiza procesnih ¢asov, razpoloZljivosti > o ﬁf-; ﬂﬂ L ﬂ;lfﬁli
realni procesi e e e men L
> Analiza toka material: zaloga, komisioniranje, | = W SE Wfﬁm e
transport, logistika _ R TT = i
» Razvriganje delavcev (Izmene / osebje) { SERLenne & e |
» Proizvodna naroéila/zaporedja, proizvodni  —
plani
> Logistiéni procesi seers
» Nadzor tovarne
> Poraba energije
|IZBOLJSAVE UCINKOVITOSTI PROCESOV
Prikaz in optimiziranje z digitalnim dvojékom . Sodobne IT tehnologije
KPI vrednosti in zmogljivost procesa PLC, SCADA, MES, ERP,

Statistina analiza procesnih parametrov PLM

Moznost izvajanja KAJ CE scenarijev in
optimizacija procesov v realnem Casu

V'V VYV



Vizija in glavhi namen Demo centra
Pametna tovarna - LASIM

Izobrazevanje in vaje za

Raziskave in razvoj $tudente

Testno okolje za v . o
projektno delo Izobrazevanja, treningi in

delavnice za industrijo




~Factory 4.0" — Extremely increased complexity,
constantly changing distributed systems, ever shorter
working cycles, a demanding and volatile market ...

CYBERSECURITY |« BIG DATA G o complexty
> Stronger protection for CLOUD ry > Collaborative manufaciuring \J _
internet based COMPUTING > ﬁﬁnomer & markefing
> ?ﬂﬁ;ﬁmm with ¥ . > Fleﬂm
longer lfe cycle | #SENSORS | ADVANCED | > Gyber Physical Systems (CPS) > Perfect match with
’ -’ > Zero default/ deviation MANUFACTURING > Numerical command B customer's needs with
CLUSTER OF SUPPLIERS | > Reactivity SYSTEMS - %Itlai;tﬂtnearggrr:nected oystems production mass efficiency
> Traceabil - > On demand manufacturi
SUPPLIERS > Pr-ggie-:ialtiqifw — Machine to machine fl demand man ng
l I communication MASS
CUSTOMIZATION
a—) = : ﬁ
> * CLIENTS
l l - ‘ ™ ™ e
- .'-r-".l .‘"1 :'“"'.. -'...I-'. ‘,'-."-'_ .."‘-".' '-"”'-_ -
assa) = OCJ5 0500000000 g = Bl = 1 &1 1
-~ 3D PRINTING / ® NANOTECHNOLOGY / ROBOT AUTONOMOUS L
| LOGISTICS 4.0 } ADDITIVE MANUFACTURING | | ADVANCED MATERIALS VEHICLE INTERNET OF THINGS
- : > Scrap elimination > Smart value added products > Real time - Autonomy - > Flow optimization - :
> Fully integrated > Mass customization > Technical differentiation Productivity > Increased security > Object fagging
supply chain > Rapid prototyping > Connectivity > Full ransparency on data > Lower costs > Infemet-object
> Interconnected N reporting PLANT OF THE FUTURE A communication via low
systems s / power radio
> Perfect coordination L PLANT OF THE FUTURE B. > Real time data capfure
\ CLUSTER OF PLANTS) | > Optimized stocks
> Reduced wastes
\ \ A 4 ’ > Glean and renewable energies
/"""/I—- RESOURCES OF THE FUTURE ala . E‘;ighsetfmge
WIND SOLAR ﬁ\\

ALTERNATIVE / NON CONVENTIONAL

GEOTHERMIC

> Alternative raw matenials

Source: Roland Berger




Arhitekturni model pametne tovarne LASFA
(Lasim Smart Factory)

FACTORY OF INDUSTRY 4.0

Referencni Arhitekturni
Model Industrije 4.0

RAMI 4.0

s
~Glosal

P e =Y
=

the 7 est the
= Update the Strategic Learning Loop ! Testin

7 hypothesis
s

[}

N STRATEGY & e

N
4 GOVERNANCE o= N reporton

Management Control Loop Reporting
’W Business
NPOT CUTPOT Sinctional
(Resources| ) Intiatives & Programs (Results) Information
Communication
DECISIVE DIGITAL AGENT ‘ Integration

Asset

: BUSINESS PLANNING

Layers

»  DIGITAL AGENT — LOGISTICS (INTERNAL, EXTERNAL) |

DIGITAL TWIN - logistics |

FEEDBACK

DIGITALTWIN DIGITALTWIN DIGITALTWIN

LocAL LocaL LocaL
¢ coups S coun7 ¢ cloups
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prezi-windows.exe
prezi-windows.exe

Vgradnja digitalnih agentov (UI) za sprotno
optimizacijo proizvodnih in logisticnih procesov




Digitalni dvojcek (CPS) in digitalni agenti (UI)

- Establishment of a Virtual testbed

Virtual

<VR model> <Feasibility study>

- Establishment of a hybrid testbed between virtual and real factory




R&D reference olaboratorija LASIM

KOLEKTOR YASKAWA
CADRIA  geoipg  gorenje

Adria Dom, d.o.o.

fuamare B\ pps = 9 IERSOTS

] izmi @SGANIA
H-r fTF MQhOﬂ'zm' gﬂflﬂ”ﬂs
£T’ Compressors

MINSK TRACTOR WORKS

RIKO Y
ot k”A"f Globalni inzeniring @ Agromehonika
za sreco ljudi NCE 1968
5 plastika skaza —
4 /7 I/ rnN

HYDRAULIC MOVEMENT

POLYCOM



DIH for digital twins of logistics systems and manufacturing
processes and systems

A

DIH for digital twins of logistics systems and manufacturing pé esses and systems is a
national non-profit hub founded by public bedy Universityof Ljubljana, Faculty of
Mechanical Engineering that operates.with the'support of strategic Slovenian partners,

all non=for profit organisations.

A
4

https://dih-ditmaps.si/
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Hvala za vaso pozornost!

Kontakt: Prof. dr. Niko Herakovic
E-mail: niko.herakovic@fs.uni-lj.si
Tel.: +386 14771 726

Laboratorij LASIM, Fakulteta za strojnistvo, Univerza v Ljubljani
Askerceva 6, 1000 Ljubljana, Slovenija

https://web.fs.uni-lj.si/lasim/
https://dih-ditmaps.si/
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