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Digital Twin distinguishing features
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Exploring a new concept in a complex domain
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Program organization

Digital Twins
(2019-2022) |

Core team
loannis Athanasiadis, Simone van der
Burg, Wies Vullings, Roel Veerkamp, Vitor
Martins Dos Santos, Liesbeth Luijendijk

Organizers
Willem Jan Knibbe, Dick de Ridder,
Jene van der Heide, Nera Herceglic
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What is a digital twin?
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Digital landscape

Brett Metcalfe

Real world

Communication either manually or
automated

Virtual world

Virtual space

Based upon: Fig. 4 Tekinerdogan & Verdouw 2020
https://doi.org/10.3390/s20185103
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What's the difference...

Model Fixed
Boundary Output: ‘state’ of
Conditions predictions real

world
Real world entity
Digital Twin
Model + data Predicted [‘) yn ar’n’ c
assimilation state state’ of
real

world
Real world entity
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Terms from: Boje et al. https://doi.org/10.1016/j.autcon.2020.103179
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,’ ...its Digital Twin

Modifications (e.g.,
new greenhouse;
new sensors)

Improved design

Control
strategies

&

Decision making

Visualisation /

Physical
Controller

Sensing:
Sensors,
observations, Data

Models & processes

measurements processing
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Digital Twin Definition

Ambiguous definitions abound. However,

to be a Digital Twin requires: kL0 |
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Digital Twin Definition

Ambiguous definitions abound. However,
to be a Digital Twin requires:

A0 OO0

« Avirtual copy of a physical asset

« Two-way interaction between virtual and
physical assets
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Digital Twin Definition

Increase feed

Ambiguous definitions abound. However,
to be a Digital Twin requires:
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« Avirtual copy of a physical asset
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* Interaction must initiate some feedback
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Digital Twin Definition Increase feed =

happier cows

Ambiguous definitions abound. However,
to be a Digital Twin requires:

« Avirtual copy of a physical asset

« Two-way interaction between virtual and
physical assets

* Interaction must initiate some feedback

« Decision making process based on
actionable knowledge
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Flagship projects
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Virtual Tomato Crop
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Real tomato crop

Data processing

Parameter/state estimation

Virtual tomato crop

Greenhouse model
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Control & decision support
Genotype selection
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Stakeholders:

growers, breeders, consultants, suppliers '-‘










Organ segme-nfgation

Parameter
derivation

Updating tomato
simulation model

Data
acquisition
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Me, My Diet, & I

OVERALL OBJECTIVE:

" To develop a digital twin that will give personalized dietary advice to
reduce the personal after-meal triglyceride (fat) response.
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Context of Me, My Diet & I

Dietary advice for the People respond different
general population to the same foods/diet

Mean Plasma glucose mmoll.

an Plasma triglycerides mmolill.

Me:
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Cardiovascular disease and
Diabetes Type II
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Three grand challenges

79 2 a

B § w I: Algorithm predicting personal
J‘ postprandial response and the
® Rkl | ‘ predicting the best diet to reduce
|| - i N '@" Diet intervention i Hl this response

Triglycerides +

IT: Algorithm/Rules including
‘i@ ~ behaviour, preferences and

EIES
[ ]
Segéerences o 1@" 1 «())) »

Human being I
@/‘ III: Ontology to translate
4 intake into dietary advice
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A Digital Twin for a Digital Future Farm

A dynamic model of a physical object with emphasis

on.

(1) the connection between the physical object and

its model, and

(2) the use of real-time data from the physical
object to keep the model synchronized

awnoemnntu

Soil/Crop Model

Dairy Cow Model
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Work packages in DFF project
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DFF focusses on Nitrogen
twinning the N-cycle for farmers & researchers

machines crops Lo amimal houung
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Scientific and societal potential
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Fysieke leefomgeving Digitale tweeling
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Future challenges
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Maturity levels

MLO ML1 ML2 ML3 (a and b) ML4 (a and b)
No Twin Status Informative Predictive Optimisation

Data
Collection of values that represent
the properties of an asset

Collects data

Information
Structuring data into a coherent
organised format

Context (data storage, historic data)

Knowledge
Processing of structured data
using previous experience

Models + predictions

Understanding
Scenario analysis through
exploring if then situations

Exploration (scenario testing, interaction)

Insight
Optimisation and developing
new relationships

Optimisation

Wisdom
Feedback, control of the system
based upon understanding

Autonomous

n WAGENINGEN Iterative design



Using the maturity index

The maturity index is
not the same as...

Data
Collection of values that represent
the properties of an asset

Information
Structuring data into a coherent
organssed format

Knowledge
Processing of structured data
Using previous experience

Understanding
Scenario analysis through
exploding if then situations

Insight
Optimisation and developing
new relationships

Wisdom
Feedback, control of the system
based upon understanding

MLO ML1 ML2
No Twin Status Informative

User
performs
Lank

ML3 (2 and b)
Predictive

ML4 (a and b) MLS
Optimisation

|
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Readiness

The maturity index is not the
same as...

« Organisational readiness
(i.e., change management,
leadership, preparation)

uwaoznmoan

Organisational readiness: https://doi.org/10.1016/].im.2018.09.001

Change management: 10-17576/pengurusan-2018-52-16

ORGANIZATIONAL
READINESS



http://dx.doi.org/10.17576/pengurusan-2018-52-16
https://doi.org/10.1016/j.im.2018.09.001

Readiness

The maturity index is not the
same as...

« Organisational readiness
(i.e., change management,
leadership, preparation)

» Scientific readiness

awnoemnntu
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Data science readiness: https://towardsdatascience.com/the-call-for-a-data-science-readiness-level-3355d6d8a1bb

Phase F
Phase E2

Phase E1
Phase B, C, D

Phase A

Phase 0 4

(Pre -) Phase 0 3
Pre - Phase 0

Pre - Phase 0

(ESA)Scientific readiness: pwomin

Science Impact Quantification
Validated and Matured Science
Demonstrated Science

Consolidated Science and Products
End-to-End Performance Simulations
Proof of Concept

Scientific and Observation Requirements
Consolidation of Scientific Ideas

Initial Scientific Idea

advice esa int/wp-content/uploads/2020/05/Science Readiness Levels-SRL_Handbook vi1.1 issued external pdf




Readiness

The maturity index is not the
same as...

« Organisational readiness
(i.e., change management,
leadership, preparation)

» Scientific readiness

 Ethical ‘readiness’ (e.g.,
technological ethical
scorecard)

Rights of

Relevant CFREU Articles

Articie 3 - Right to the integrity of the

individuals person
Article 6 — Right to liberty and security
Article 7 — Respect for private and family
ife
Articie 8 — Protection of personal data
Educational Articie 13 ~ Freedom of the arts and
rights and sciences
Article 14 — Right to ed
Non- Article 20 - Equality before the law
discrimination Article 21 ~ Non-discrimination
rights Article 22 ~ Cultural, religious and linguistic
diversity
Article 23 - Equality between men and
women
Article 24 — Rights of the child
Article 25 - Rights of the eiderly
Article 26 ~ Integration of persons with
Environmental | Article 37 - Environmental protection
concemns
Justice Article 47 - Right 10 an effective remedy

and to a fair trial
Article 48 — Presumption of innocence and
right of defence
Article 49 — Principles of legality and
proportionality
Article 50 ~ Right not to be tried or

ichad huira .
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Ethical Assessment:
10.1108/14779961111123223

Technological ethical scorecard:
https://ieeexplore.ieee.org/document/5996290

https://www?2.deloitte.com/us/en/insigh
ts/industry/technology/ethical-
dilemmas-in-technology.html

««al introspection across the business life cycle

{ eoch stage. and across all stages. companies shoukd consider key ethical concerns

Business process
life cyde stages

Compamy purpose Business model Design process Development Seppart and
and valoes and strategy and Seplyyment
ATt e " e the Fioa 9 you make



https://ieeexplore.ieee.org/document/5996290
https://www2.deloitte.com/us/en/insights/industry/technology/ethical-dilemmas-in-technology.html
http://dx.doi.org/10.1108/14779961111123223
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Data
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Machine learning Autonomy

Some low maturity levels are
much more harder to do/obtain
than higher maturity levels.

nwncu‘-wotu

L

MLO ML1 ML3 (a and b) ML4 (a and b) MLS
No Twin Status Inlo-mahw.- Predictive Optimisation

Data
Collection of values that represent
the properties of an asset

Information
Structuring data into a coherent
organised format

il

Knowtedge
Processing of structured data
using previous experience

Understan d ng
S nario , s thr )
al ng ¢ 1n situatic

Insight
Optamisation and developing
new relationships

IIEII
B

Wisdom
Feedback, control of the system
based upon understanding

Technological Readiness



Technological Readiness

e TRL I - basic principles observed

lbas’.c, researc h p rOJeCt . e TRL 2 — technology concept formulated

/expe ri me ntCl I e TRL 3 - experimental proof of concept
e TRL 4 - technology validated in lab

e TRL 5 - technology validated in relevant environment (industrially relevant
environment in the case of key enabling technologies)

e TRL 6 — technology demonstrated in relevant environment (industrially relevant
environment in the case of key enabling technologies)

e TRL 7 - system prototype demonstration in operational environment

e TRL 8 - system complete and qualified

e TRL 9 - actual system proven in operational environment (competitive

a p p l ica ti ve SO I u t | on manufacturing in the case of key enabling technologies: or in space) / )

https://ec.europa.eu/research/participants/data/ref/h2020/wp/2014_2015/annexes/h2020-wp1415-annex-g-trl_en.pdf
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Custom Real-time RemoteData
Collection Systems

Some low maturity levels are
much more harder to do/obtain

than higher maturity levels. wwt§m
l The Internet

A
Water Level Sensors

Connection between data collection,
ingestion, and processing. Lack of a
framework.

Automated data collection, e.g., of
biological cells is expensive or not
currently feasible.

J aoemuoen Technological Readiness



Exploring the
potential of data
to improve

the quality of life

WWW.wur.eu/data

data@wur.nl

Any questions?
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