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CONCEPT : CPS & DIGITAL TWIN




CPS Concept

« CPS = Cyber-Physical System
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« H|= &O0F°| CPS = CPPS (Cyber-Physical Production System)
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Application of Smart things: Digital Twin

Product design, manufacturing process planning and production.
GE Digital Wind Farm: (Feuer and Weissman, 2017)

Fault Monitoring Smart Design and Smart Factory

Asset maintenance

DNV GL Annual Report, 2015




GE2| Digital Twin (Predix)

« Colin Parris(AZEQ{H T & HAIEh
. Ol=+HA 2016 2 H Xt=

@ Digital Twin Technealogy

Turbine ¥HE AFNMF= Digital Twin

Digital Twin - The Mind of a Machine

updating, learning

reasoning optimizing ‘_-

informing scting using
edge controls

VR Ty SIMZ ©[&%t Digital Twin §& X3 Digital Twin®l M A |5




Digital Twin history

1960EH NASA.
Paring technology= 2% X fAES T

Min
[0
I
P
[0

200238 Michael Grieves, the University of Michigan.
Digital Twin 89 % &2 ML,

201558 GE, DNV, etc.

Digital Twin W2 FHEMT, HFSHE 52 SHE X3 Mk

20174 Gartner.
Digital TwinZ 10t M&1& Y 5 StiH=E {MF.

20184 1DC.
Digital Twin H& Al 7|9 F2 I=MA FTt 30% FUZ He=E 9
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5C architecture

9C :: connection, conversion, cyber, cognition & configuration

» Self-configure for resilience
» Self-adjust for variation
* Self-optimize for disturbance

¢ Integrated simulation and synthesis
* Remote visualization for human
* Collaborative diagnostics and decision making

NZO0—=-IO0OZC™N

* Twin model for components and machines

* Time machine for variation identification and
memory

\ e Clustering for similarity in data mining

* Smart analytics for
* Component machine health
* Multi-dimensional data correlation
* Degradation and performance prediction

* Plug & Play
* Tether-free communication
* Sensor network

OM=-CW—0=-=>D



CONCEPT : INDUSTRIE 4.0




Motivation of future manufacturing
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P i P Mass Personalization
w. Big Data

Mass Customization
w. CPS & loT
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Mass Production
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Industrie 4.0

ICT
IT A eHA 53t
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oA| 4. industrial revelution
N| 7 A H| ‘ ‘ ‘ based on Cyber-Physical
Systemss
3. industrial revelution
uses electronics and [T to
achieve further automation
of manufacturing A
2. industrial revolution é
follows introduction of a
electrically-powered mass
production based on the
division of labour
1. industrial revolution
follows introduction of
water- and steam-powered
mechanical manufacturing
facilities - time P
End of Start of Start of 1970s today
18th century 20th century

Seorce: DFKI 2013




X| A Zl(Intellectualization) ; The DIKW Pyramid
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(1982) (1988) (1997) (1999) (2004)
WISDOM / VISION
A Y
Pro::as o Values
by I
WISDOM UNDERSTANDING WISDOM ‘  WISDOM
A A A { A
Process Process Principles  Goal
o | I 1 KNOWLEDGE 1
g KNOWLEDGE KNOV:‘LEDGE xuovg.eosz (conjectured) xuov«g.soes
é Process Process Patterns Contextualization - * Model
~hoice w r la I | I v o I
‘g lirds AAP E s INFOR*A'IION INFOR:ATION INFOR:ATION INFORMATION 'INFOR:ATION
© IV TV, Y Lo l 1
S m Process Process Relations  Contextualizaton ~  ~ Rules
S KNOWLEDGE N | | | v . |
a —— i — FACTS & IDEAS DATA DATA DATA . DATA
c 2 WSO PR A A
g, l Observations Index

|
ENVIRONMENT




Smart Manufacturing

=, 24

= K|
= SHAL 94 : CPS + loT/loS + Big Data

Internet of Services

Semantic Information
Services
Smart Smart
Material Factory
Application Application Application
Platform Platform Platform
Py .
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Smart

Products

Cyber-Physical
Production system

Internet of Things
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Shareability
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Intellectualization with loT

Real World

ll"\.

f“' 1 o
s X
Physical World §z>°’
Cyber World IS
/\'\\\ Knowledge
Integratlon

" Data Integration

Digital World




Digital Twin Model

T, ra

"+ 3D/VR/MR Visual.

« Engineering data
* DMU - Sensor data
« for UI/UX - 0&M data
= Inform. model
Virtual Model Digital Model
Deterministic
e ‘ Model
« CAE model
|« Physics

Sy




Factory vs. Plant
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£ 218 (Flexibility) &3
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Process_Manufacturing
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The Purpose of Industrie 4.0

= Keywords : Industrie4.0, Smart Manufacturing, Smart Factory/Plant, Digital Twin
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DIGITAL TWIN : VIRTUAL MODEL




Design review
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Maintenance training
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Maintenance training

« FORE: HEEA QASHO|, AA PC, HMD

= F&: 2HZE SN ME Haptic Device A& R M
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HMD &3
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Operation simulation
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XR : VR/AR/MR

AUGMENTED REALITY: ALGMENTED VIRTUALITY:
Virtusl corent sugrents feal cantent sugments
the real world

b vl wevid

AUGMENTED AUGMENTED VIRTUAL
REALITY VIRTUALITY REALITY

REALITY

MIXED REALITY

MIXED REALITY:
A blamket Yerm 10 doscribe
any experience between the
REALITY: extremes af the continuum VIRTUAL REALITY;
The completely raal, A complutely synthetic,
physical world we llve in digitalhy-created world

Reality-Virtuality Continuum Created by Paul Milgram (1994)




(1) ARFHAIY, NsAteNES, AHYY Z=dX (2) MRSHAIY, OHE[ATAQIA - ESA
*Elevator maintenance, thyssenkrqu, =9

*HCP disassembly process improved with AR, Tegeltija et al., 2016

(3) ARZHAIY, RAMBM/AIAIN, KIOSK, EIEH (4) VREHWS, S48 QIEEM AL 7|
*MRO-AIR, CONNECTAR, YIEZE *VR Training, Interactlve Lab, Aot
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DIGITAL TWIN : DIGITAL MODEL
& SMART PLANT




Concept map

« Showing the relationships among concepts

« The relationship: articulated in linking phrases,
(e.g., "gives rise to", "results in", "is required by", or "contributes to ")

0 a0 =3
* Spawn ot il @ \

4
“REALITY”

COMFUTER
DOMAIN

* Mind map

« UML
+ Topic map
. Etc Level 1; the most

general topics,
the fewest nodes

"~ playerB
Pre 3 K Level 10:
; : ; i the most
O , O .' detail, many
: ik nodes

_role of A/ i . role of B
’ O member B

memberA

association type



http://www.wandora.org/wandora/wiki/index.php?title=Image:Topicmap_example02.gif
http://www.wandora.org/wandora/wiki/index.php?title=Image:Topicmap_example02.gif

Topic map; ISO 13250 (ISO/IEC 13250:2003)

« An ISO standard for the representation and interchange of knowledge,
with an emphasis on the findability of information

 Layers: Knowledge & Information
« Constituents: Topic, Association & Occurrence

* Semantic Web i
« W3C: Ontology  '
+ ISO: Topic map



http://www.wandora.org/wandora/wiki/index.php?title=Image:Topicmap_example01.gif
http://www.wandora.org/wandora/wiki/index.php?title=Image:Topicmap_example01.gif
http://cs-alb-pc3.massey.ac.nz/notes/59102/mindmap.gif
http://cs-alb-pc3.massey.ac.nz/notes/59102/mindmap.gif

Information models for product/plant
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Geometry Information model

| ~ant Intergraph
: = - : e -.-“ ‘ e e

AR

|
AutoCAD




Non-geometry information model

Aggregation
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E Hoiz2] At (2™ =20k

TR NAEDY, ZEMA, BEFAT FL| AN FA
fie] e BEEC) fIIMOR Welsto & 25 ¥R W3

Detailed Design

Feasibility Study Phase EPCS Phase Operation & Maintenance Phase Decommissioning Phase
Start operation Cease operation

Feasibility study Decommissioning

| | | | | |
1.1 Business Planning Sl g:;?g'lr?d Blocess 3.1: Licensing & Regulatory 4.1 Cold Operation
I . I . . B I
12 Option Generation & g:;zlr?d Engineering 3.2: Production Planning 4.2 Decommissioning
| |
] ] 3.3: Process Control & Monitoring
1.3: Project Planning 2.3: Procurement :
! - -1 3.4: Operating Procedures
1.4: Project Definition 2eaCalaiigionesy
Pre-commissioning 3.5: On Demand &
| | i .
1.5: Conceptual 2.5: Startup & Preventative Maln_tenance
Process Engineerin Commissionin e : :
¥ 9 9 9 3.6: Site Engineering
1.6: Conceptual
Engineering Design 3.7: Incoming & Site Materials
3.8: Outage Management
3.9: Revamp & Debottlenecking
3.10: Quality Control & Assurance
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MYoH, MHIYTE A S2N FYE 1Y LAY S FAISIHA,
SHE FRF S F U(SSC : structures, systems and components )&2 E42 MY 2N
X HEZ £PGT S MHAQ HIYH, (FHE ATYD} MY S ANSHOE FA))

-------------------------

{ i isisiniiciniicinatain i iniuiiniviiviviiuiving Y
=iy ’ Logical Plant . -
, MH FYIH
=8 g4 Facility
Physical Configuration
Configuration Information
1

Physical Plant CM Equilibrium -

echnical Plant
(ANSI/NIRMAR, IAEA-TECDOC 1335)



Smart Plant 21}
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DIGITAL TWIN : DETERMINISTIC & STOCHASTIC




Diagnostics <

> Prognostics

Past Future
Present

Fig. 1: Diagnostic vs prognostics.
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The usages of Deterministic/Stochastic models

= Deterministic model : Aol 2N IBRE 15 59 Diagnosis
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Artificial Intelligence

Artificial Narrow Intelligence (ANI): Machine mtellngence that equals
or exceeds human intelligence or efficiency at a specific task.

apply intelligence to any problem, rather than just one specific

@ Artificial General Intelligence (AGI): A machine with the ability to
problem (/wman -leve/ /nte///gence)

than the best human brains in practlcally every fleld including
scientific creativity, general wisdom and social skills.

@ ArtlflcnalSuperlntelllgence (ASI): An intellect that is much smarte



Machine Learning

2 Machine Learning is a type of Artificial Intelligence that provides
. computers with the ability to learn without being explicitly
programmed

IQ . Machine Learning
Labeled Data Alg o

Training

Prediction

Learned Model

Provides various technigues that can learn from and make predictions on data



Deep Learning

T(e),

©0eoe0)
A deep neural network consists of a hierarchy of layers, whereby each layer
transforms the input data into more abstract representations (e.g. edge ->

nose -> face). The output layer combines those features to make predictions.
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