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* Adigital twin (DT) is a digital model of an intended or actual real-world physical product,
system, or process (a physical twin) that serves as a digital counterpart of it for purposes
such as simulation, integration, testing, monitoring, and maintenance. (Torbjgrn et al, 2020) )
(Haag et al, 2018) (Boschert et al, 2016). w

* The specific information contained in the digital twins is driven by use cases. The digital
twin is a logical construct, meaning that the actual data and information may be contained
in other applications. .

e Several domains:

Manufacturing industry

Renewable energy industry

Urban planning and construction industry
Healthcase industry

Environmental management
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Digital Model Digital Shadow Digital Twin

Physical
Object

Physical
Object

Physical
Object

H H

Manual management of the data flow (Modeling and action recommendation)

Crchestrated management of data flow (Modeling and action recommendation)

Digital twin also has orchestrated
data flow to improve
recommendations of digital model
each time they are applied to
physical object.
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Problem statement

Different

actlons. VISUALIZATION
depending (layer 1)

on the o o
audiences (layer 3)

goals

Different
audiences

Generic i ™ e
dashboards == & -
and static S :
charts

’ Take on the APPLICATIONS
consideration users (layer 2)
needs and context.

* Non-expert can not
understand scientific
results

* Limit decision-making
impact

DT architecture




[
Digital twins mimic data stories

It take many visual narratives forms:

Competing Water Usage: Agriculture, Urban Citizens and Industry

This dashboard shows the competing water usage between agriculture and urban citizens and industrial, This dashboard includes a
3D model that shows the water cycle and its interaction with natural and human mode system.
With access to historical data and trend analysis, it provides actionable insights to support sustainable and equitable

P rO p O S a I water management decisions.

Water Usage and Carbon Emissions: A Hidden Cost

approach : malle

‘ Groundwater extraction in milllon cuble meters
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Proposal
approach

Answer
Explore .
questions
Data exploration 0 Decision making

From data collection until data
analysis

Description, Diagnostic, prediction
and prescription

sk
r‘

Data visualization Community Engagement

Prascriptv

For data analysis, virtual — Various profiles, approaches and

r!prgspntatiun 1erms among L'urnrrlunitg

Predickve

Data
Diagnostic
Structure
Deseription answers

Machine npul Human Input
I I



Proposal
approach

From narrative to data narrative

A data narrative is a structured composition of messages that
(a) convey insights over the data, and,

(b) are delivered via visual means to facilitate their reception by an
intended audience.

Whatis a data story?
A data story example might take the form of a Interactive WebPage

() D. Elson: “Modeling narrative discourse”, Ph.D. thesis, Columbia University, 201

(2 S, Chatman: “Story and Discourse: Narrative Structure in Fiction and Film”, Cort

(1 S, Chen, J. Li, G. Andrienko, N. Andrienko, Y. Wang, P. Nguyen, C. Turkay: “Suppt
TVCG 2018.

(! F ElQuta, M. Francia, P. Marcel, V. Peralta, P. Vassiliadis: “Towards a conceptua

Verdnika Peralta Junon - D



* User centred workflow built arround a four-phase data storytelling cycle [4,3]

Four phases Three formalisation level

Individual
circle

Explore

Answer

Questions
Interpersonal

circule
Structure

Answers

Community

circle

JUNON
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Case study :
prediction
groundwater

levels

Element

Description

Intentional Operator Predict — Used to anticipate environmental conditions and

Parameters

Dataset

Algorithm

Type of Result

Narrative Pattern

Plot Structure

Visualization

guide preventive actions.

Groundwater Level, Location (Piezometer 03266X0009/P),
Date (2019-01-01), Forecast Horizon (12 months).

Historical time series: weekly groundwater levels, local rain-
fall, and evapotranspiration from past years.

Random Forest Regression — Applied to model complex,
non-linear interactions between inputs (e.g., rainfall, evap-
otranspiration) and outputs (e.g., groundwater levels).

Numerical values — Predicted weekly groundwater levels for
2019 (in meters).

Gradual Reveal + Call-to-Action — Forecast results are pro-
gressively unveiled to build audience engagement, followed by
a clear directive.

Example: “Week by week, groundwater levels have steadily
dropped. By July, projections indicate values falling below
113.5 meters, the drought alert threshold. To prevent wa-
ter shortages, initiate conservation efforts before the end of
spring.”

Water Tower — Begins with an impactful introduction and
sequentially delivers accessible insights.

Line Chart + Area Chart with Threshold Marker — Tracks
changes over time and flags critical levels intuitively.



Case study : prediction groundwater

levels

Goal Formulation
Predict water levels in piezo metric wells
in in region centre val de loire

Question Formulation

Q1:How do external factors like
rainfall and temperature influence
piezometric water levels in region

centre val de loire?

——— % Dataset Collection
APl SAFRAN: Meteorological data
APl HUBEAU:Piezometric data

Collector Trial

C1:SELECT region_id, AVG(rainfall), AV G({temperature),
AVG(water_level), CORR(rainfall, water_level) AS
rainfall_corr, CORR({temperature, water_level) AS temp_corr
FROM piezometric_data GROUP BY region_id;

DT creation aligns with data narration process )



Case study : prediction groundwater

levels

Palerticneships Bt Tarnperahms sl Wsber Lavel Q1:How do external factors like
e rainfall and temperature influence

piezometric water levels in region

centre val de loire?

Wiaher L

Message formulation

M1 :High rainfall and permeable

] «» Soils lead to rapid recharge of
Visualization Trial aquifers,

MZ: Low rainfall and high
temperatures reduce recharge
rates, causing water level

declines.
Finding
F1: Positive correlation between
rainfall and water levels in
permeable areas (corr = 0.85). &‘\
T~ Message validation

F2:MNegative correlation between

high temperatures and water Finding validation
levels (corr = -0.65).

Soill Scientists

Statistical Significance Test. Pearson

DI creation alighs with data narration process

9



Case study : prediction groundwater

levels

M1 :High rainfall and permeable
soils lead to rapid recharge of
aquifers

Message filterin

Act and episode writing

E1: In regions with permeable soils, higher
ainfall and moderate temperatures correspond
o higher aquifer recharge rates, as observed in

Audience se 8 M1, M3, M5, M6 ... areas like Tours and Saumur.

Hvdrogeologist

\ "The Lead”: The most impo |1||I||In:
, M6, ME )

"TI|1 Body": The crucial |T|I
MZ M3 '
: Message Mapping.

n

Th Tail* ...n-«..._j.,
M9 -
10

DI creation aligns with data narration process

Structure Choice:
Inverted pyvramid
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Case study : prediction groundwater

levels

E1: In regions with permeable soils
higher rainfall and moderat
) _ ) ) _ ) temperatures correspond to highe
In regions with permeable soils, higher rainfall and moderate temperatures correspond to higher aquifer recharge rates, as observed in areas like Tours and Saumur, B
° aquifer recharge rates, as observe
Lof1 in areas like Tours and Saumu
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Why we need ontology?

* |t acts as a semantic bridge between the user
interface and the underlying Digital Twin
workflow, ensuring coherent interpretation
and alignment across system components.

* This ontology explicitly models the
relationships between user intent, workflow
activities, data, analytical methods, narrative
patterns, and visualization strategies.

* We will explore the power of ontologies for
mapping engine.




The ontology

Intention

A

has

User profile

intention

explore/describe/pradict short
term/predict long term

User profile

public/fexpert ...




The ontology

is
is focused is related described
Message pattern r Intention » Meta data Model € Dataset
F Y
) s
is focused .
described
Structure of plot .
P is related » Meta data Mode| -———— Al model
is focused
Charts types

User profile

JUNON



The ontology

Data Product
Specification

Referenceas Identifier

Data Catalog

Identifier
Title
Description

Typa

Part Of Series

Datas.set Series

Identifler [ lowntifer

Title Taxs |
Description _ Text |
Theme __Bubject Mdeoufer
Policy * Lamitations o€ Use

Spatial ¢ Lomwon Aves

Data File

Data Service

URL

EndPoint
Package Format . Meds Idecufier
Compress Format|  Medss ldentifier

Issued [ Dt |

Spatial {__ Location Area




The ontology

& Parameétres de Requéte

e Région: zone géographique.

e Polluant(s) ciblé(s) : choisissez un ou plusieurs polluants.

= Profil : les interprétations générées seront adaptées aux publics grand public ou aux experts du domaine. S Q Q

® Objectif: PAR L u e ry
o Deécrire : apergu des niveaux actuels.
o Comparer : tendances relatives.
o Prévoir: estimer ’évolution future.

© Recommander : recommandations d’actions.

DEMO POC Qualité de I'Air Régionale




Future work

 Ongoing work: Evaluation of POC resuts
1. User group for evaluate the generated stories
2. Compare results : workflow with ontology and ordinary workflow
3. Enhance the proposition regarding the results

e Short term future work:
1. integration to JUNON prototype
2. Evaluate results
3. Enhance the proposition regarding results

* Long term future work:
1. Try use cases with 2 Digital Twin
2. How we can use ontology mapping
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