Digital twins are virtual
worlds that give you the
illusion of real life and solve
the big challenge of coping
with the exponentially
growing complexity that is
inherent in any real project.

Digital twins are enablers TURE . . : :
that merge Virtual Reality Building the digital twin airport
with Industries 4.0 and add Axel Angeli

a layer for visual design.

Digital twins allow architects Cybernetician i A Digital Future Evangelist

to demonstrate the result of Logosworld 50 Experts, Germany / Luxemburg

a design before money is

spent on reaj resources. A How Industry 4.0 works for airports

CSIE-No /([N MU EhIEIN A The trend of digital twins
and hear how they work. A How Al, 10T and serious gaming work hand in hand
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Two Twin Statues

One inthe realworld One designedn the virtual space
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Fllght Slmulatqu|mC|ty, Farmlng Traln» Crwse
Ship Simulator, etc. are ideal companions for trair

Digital Twins have been a companion
during the evolution of modern computel
sciences. A well known representative ig™™*
and was the Microsoft flight simulator. .l,t‘:.-“ !

Nowadaysthe markets are full with A ST | S e e

/ Alren Pz
simulation games for'everything: farmlng}ﬁ,,.:’"ncm L2 3; o:-:;
simulator, train'simulator, formula 1 :.;‘ ,W’:;‘;“-w i SLAC TR
simulator, simulation'simulators, etc. s

SIMCITY and the’ ANNO games are alst—'
early digital twins. Industries adopt thosem =
simulation for complex-and dangerous ===
actlvmes without rlsklng real resources. |
’ / /{\ -

| — / Source https://www.youtube.com/watch?v=7TaR1WhlofGtbmmercial)
-Xperts , Digital Transformatiohrchitects 5/14/2022 e mamE = = e e )
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https://www.youtube.com/watch?v=7TaR1WhloYY
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D|g|ta| Twins |n ' A’ltal Twin scan with (:,xact measurements fol§
Architect - Notre Dame de Paris Is model how
rcnitec ure' @s ectu . for

can be used N a

-

created a point cloud with cﬁatall
measurements of the geography
Notre Dame de Paris. This data helps
in reconstruction of the cathedral after

the devastating fire in ZOi.




Industries 4.0 is a design concept,
developed in 2010 with sponsorshlp
German government. It shews ) g;
strategic way to create aut@natIon*
based on IoT, Big Data'Ogeans, a
based machine learning techmqqu
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Digital Twlns make the Industries
40 procesées visible for human:
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Health Caref Agriculture? Mobilityf * 'INfachineagsisted
Logistics® Smart Citiet$f1Architecture Machmeagslste; f
£ Manufacturing Smart Energy. ,A s l i s Ry
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f?!f‘b"Sh'”g!?ma”‘Sch'ence e C,‘?t,",)” Pervasi ve Machi ne Net wor
—— - "~ AEvery sensor-and actor should be accessible from
anywhere in the internet.in regmhe when needed

Transparency of Information

. AArcomplete computerized model of all industrial wol
processes where decisions are reproducible

Computer Assisted Decision Making & Learning

A Recurring decisions are made by algorithms whene
possible and help learning patterns and persist ther

Decentralized and Autonomous Decision Making

' s ADecisions are made at the point and means of high
/ \// . ~competence

autoligmous,
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Industries 4.0
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bining Al and human cognition
Ilearnin,g Al anal yse t
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C‘Visual design in R&
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A" Builds easier [éonsensus through common imagination
A Simulate mdinction and verify Standard Operation Procedures

Nonf destructive virtual reality
testing, practice and training
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——— ___ A Simulate interaction processes N \é ol
\ L el | == A Simulations’'can generate practice data without real sensors e
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A Train and practice operations and procedures A
A Simulate extreme'situation like erashes and effects of interventiorg

y

A Real world-objects can’communicatge in realtime via the internet
Internet datarlakes allow comparison with similar.results J »
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Digital Twins are far more than simple

S b e Simulation vs.
Digital Twins

Digital twins are more than simulations
AVi sualize r eaelyeworalndd wsie
AMeasur@t her medi asO signal
A Correlate multdimensional data in rdiahe
APattern recognition (sM
A Realtime comparison with internet data lakes
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AThepointcloudisawire-frame
Imageof the realobject

AReplicas of remlorld arecommon
practican simulation game indus' ¥

ACreate a point cloud of the real worldAWe usedronesandroversto reach "

Hyet dimensions and multitude of sensor daflaces that are noiumanb
APlace sensor\(cams, mikes, barometeraccessible
etc.) where you expect fast change AThe challenge is to keep the dat: @

FAllowing a dynamic adoption of the twin  up-to-date, ideally in rei@ine —

ARealtime sensors and robots ATo make best use of the twin we
HRemote controlled cams, drones, rovers daneed to Integrate it into an

reattime update of the twin Industries 4.0 analytics framewor 4
AAdd Industries 4.81 anaIyS|s
'/7/ a\ W
( 4 \,."
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https:/www.artgp fr/

A (709) Charpente de NotrBame- Art Graphigue & Patrimoiné/oyage dans le nuage de pdint®uTube
SCADA and the dlgltal tWin: A (709) Penseur de RodiModeéle 3DF YouTube
What s t he | fference?

(709)V 0 u_ sDigitakTwin of Changi Airport | Build: Architecture 20Z1YouTube
SCADA (the SuperVISory ContrOI and Data A Digital Twin: A Re@ime Interactive Airport Visualization FO®CI Insights
Acquisition) is a system of software and

hardware elements that-allows operators 10 s oENEET AN Yoo OO
control and maintain efficiency through images

of the current status ofévsystem By contrast pesrmssase e
the digital twl “can depic the past, present

and fu NV the system. | t s a faster and
Scan the World: The Thinker (Auguste Rodin)The Thinker? Wikipedia

more efficient wa ) gather information than

observing the physical system.
\ (710) Airport digital twin? YouTube
e — () A Tunnelware

//"

Digital twins in alrports H&/ a 3D
visualisation can improve baggage hand|ing S o oA e RGNS

operations (beumergroup.com)

' o . httpsi//www.youtube.com/watch?v=7TaR1WhloYY
_%Mnslﬂ aigports: How a\3D visualisation can improve

gage hand operatlons umergroup.com)
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https://knowledge.beumergroup.com/airports/digital-twin-in-baggage-handling-system
https://www.artgp.fr/
https://www.youtube.com/watch?v=3PBYiDFdO0A&list=PLwhxo1NYrhEkdDMKxwPbw_3znKgS9kaSM
https://www.youtube.com/watch?v=WTtqlphY--E
https://www.youtube.com/watch?v=9Ap4pWXAigc
https://blog.aci.aero/digital-twin-a-real-time-interactive-airport-visualization-tool/#:~:text=The%20opportunity%20for%20digitization%20in,ongoing%20monitoring%2C%20and%20system%20testing.
https://www.youtube.com/watch?v=GFA3oWsKFjI
https://www.youtube.com/watch?v=sKnsd-ss0gc
https://en.wikipedia.org/wiki/The_Thinker/media/File:Scan_the_World_-_The_Thinker_(Auguste_Rodin).stl
https://www.youtube.com/watch?v=N3XV4iiii04
https://www.tunnelware.io/
https://blog.aci.aero/digital-twin-a-real-time-interactive-airport-visualization-tool/#:~:text=The%20opportunity%20for%20digitization%20in,ongoing%20monitoring%2C%20and%20system%20testing.
https://www.youtube.com/watch?v=7TaR1WhloYY
https://knowledge.beumergroup.com/airports/digital-twin-in-baggage-handling-system
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Sourceof this definition IBM.COM

Types of digital twins Component twins/Parts twins System or Unit twins

A Component twins are the basic unit of A The next level of magnification involves system
There are Vari OUsS t es Of d'g'tal tVV'”’ the smallest examp"? of a assets come together to form an entire function
OVl yP functioning component. Parts twins are system. Systerr?twins provide visibility regardin

dlgltal twins de JC dlng on the roughly the same thing, but pertain to interaction of assets, and may suggest perform:
level of prod{ﬂc /agnification components of slightly less importance. enhancements.

The bigggst difference between |
these'twing,is the.area of Asset twins Process twins

0\ , A Process twins, the macro level of magnification

apphc Tt is'do mmon to AWhen two or more components work reveal how systems work together to create an
L @/ o together, they form what is known as an entire production facility. Are those systems all
h a\/e/ch es of d|g|ta| asset. Asset twins let you study the synchronized to operate at peak efficiency, or v

g - .~ delays in one system affect others? Process tw
Interaction of those components, creatin an help determine the precise timing schemes

1IN a SyStem a wealth of performance data that can bgjtimately influence overall effectiveness.
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Sourceof this definition IBM.COM

Types of digital twins Twins for physical component ~ Twins for System |
A Component twins are the basic unit of ASystems are complex aggregates with
types of digital twin, the smallest example of a  Many loosely couples and interacting

There are vari . .
: ding on the functioning component. Parts twins are COMPonentsSystem twinallow analysis

digital twins : . of complexbehaviouby simulatiorand
J roughly the same thing, but pertain to controllloed manipulatign to suggest

IeVEI Of prOdUC magnlflcatlon Components of Sl|ght|y less impOrtance. performance enhancements.
The bigggst difference between

these t\N' mis the.area of

Twins for aggregates and units  Twins for Processes
AWhen two or more components work A Processwins demonstrate by simulatior

; S Of dlgltal together, theﬁre an aggregate. Ana|ysin4}|0W systems Wortogether. You can

' e - - easure sideffects and performance
thin a system the interaction of thoseomponents can | oheviour inighlycomplexinteraction

> createa wealth gwirtual data an rned
* petween non trusting units determine
Q O S L € tindindightsdn@actio Sﬁ r % overall effectiveness and stability.
the types of dlgltaﬂ INs to
eﬁrn the dlfferer@es and how

they are pplled
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AYou canpracticeoverandoveragain
AYoucansaveresourceslikefuelandmoney
AYouw o nnBddthe originakquipment
AY ou canpracticeextremesituatiorandfails
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A Initial applications in airports

the

A Holistic airport view
A Stakeholder visualization

A As-built documents

A Infrastructure planning

A Asset management

A Visualizing ground operations

A Tracking system performance

A Simulating emergency scenarios
A Pretest operational plans

A Simulatobased staff training
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Agncuﬂ: [e 4 (O Artificial Intelligence for higperformance yields
and sustainablility-in-nature with zero waste
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Promisesof Digital
Twins
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Industries 4.0

Aisa desigesignConcept
that

Aliaisedl

Dlgltal Twmsarethe V|suaI|zat|orof the deS|gn
conceptsof Industries 4.0

Digital Twinsdependon
ABig Data

Hcollectedythe

Alnternetof Things
Hmadeavailablin

AReatime everywhere

Hfor processingy

AAtrtificial Intelligence
HVisuallpreparedoy
AAugmentecind Virtual Reality
Hpresentedn a
AGam.,ifiedEnvironment
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