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Institute for Advanced Stu

Main goal

Developing algorithms of automating workflows for extraction, interpretation, and analysis of
geospatial datasets: Digital Twin of the Loire Valley (natural resources)

Role of Environmental

What is a Digital Twin? Management ENVRI Reference Model
A virtual model reflecting . . Promotes interoperability
a_qhy31qa1 entity, Enables gff401ent traqklng in environmental data
facilitating real-time and predictive analysis of through standardized
monitoring and simulation. resource usage. frameworks.
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JANEAU

Univ. Tours
LIFAT (Laboratory of
., Fundamental and
/" Applied Computer
Science)

s,

management . L. i
v, * Universities of Orléans and Tours
_________________________ .. BGRM
‘ French Geological
________ Survey

Joint research project:

* Bureau de Recherches Géologiques
et Miniéres (BRGM),
* |'Institut National de Recherche
pour I'Agriculture, I'Alimentation et
I'Environnement (INRAE),
* |e Centre national de la recherche
scientifique (CNRS), and the

Univ. Orléans

@@@4 """""" PRISME
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. ] Theoretical Expertise of the Project:
Challenges in the JUNON Project

e Computer Science: Machine learning, Artificial Intelligence (Al),
e Data Science: Data Analysis, Data Engineering, Data Management
e IT DevOps: Software development and IT operations of code
® Methodologies & Algorithms: Statistical Learning, Streaming Data

- Logistic/resources

- Administration e Lepe .
Scientific Applications:

- Management/Coordination

e Communications and Safety,
eNetwork Security
- Scientific ® Building Automation, loT
""""""""""""""""""""""""" : ® Smart Grids, Renewable Energy
' e Medical Applications

- Communication/vision

- Infrastructure

Insert your images & texts
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Digital Twins: Project Architecture

il

P Visualizations

Data Manager Scheduler
G |

Reads aggregated time
series from the DB

STH - Comet

[

v

1 Aggrigates time series of
data attributes and writes

them in the DB

FIWARE Orion O —

Cygnus

a2

a

Sore all the context
and historical data

Python: main instrument for Digital Twins

* Python programming language — tool for
Digital Twins

* Python acts as the "glue" that connects 3D
models to live data.

* In a project with many sources and many
users, Python handles the complexity by
leveraging specific libraries for each layer of
the architecture.

How Python supports Digital Twins ?

* Big Data Streaming: Python allows the twin to

subscribe to massive data streams,

* Python ensures the "Digital" stays in sync with

the "Physical."

* Python supports APl Management: Requests

or FastAPI are used to pull data

* Environmental data are piped from external

web sources (weather, soil, pH and CO. data).
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g 0 DR q
Lig'Air Satellite Data .
"id": "urn:ngsi-ld:WaterLevelMeasurement :02558X0034_P" |
1, "type": "HaterLevelMe:surement",
" . "groundwater _depth":
r & "type": 'Fll;at“.
0.30000001192092896, "value": 19.38,
y | "metadata": {
“haszacers B et wbEveTLEe
Data Manager ':Ziie‘ "ZgggiE:—AITDO:DO:OD.OOOZ"
0.100000001, — 3
; Scheduler N
TPREBNELQ ¢ “grounduater_level": {
0.0, "type": "Float",
i + scheduleUpdates() gy
*FR.Q™: 1 "Timelns
o L + fetchDailyUpdates() e [
7.400000095367432, "value 2020-01-01T00:00:00.0002"
N
1.
"date": [
12024-09-30" , Data ACqUiSition Triggers Zl"eﬂ‘leasuxe?oxnt”: {
"type": "Relationship",
1, ” W t D t "value": "un{x;ngzi*ld:Hansurel’uint:L754*48A422",
3 »l + " "metadata":
»-| + collectWaterData() + transformData() Fiware Components ;
i
Hub'EAU API > Configures
+ collectMeteoData() + validateData() 9 + Cygnus() MongoDB
Writes Data
+ STHComet
Safran API + handleAPIs() 0 + storeTransformedData()
+ aggregatedData()

“nom_nature_.
"profondeur_nappe:

e,
“Naturel®,
19.38

aufrance.fr/pointeau/02558%0034/P" |

93",
rvice Géologique Régiomal Centre (293)",

WebApplication

+ visualizeData()
+ manageServices()

Provides Data"

Data Analysis

(

A

Feed Results

Requests Analysis

+ runPredictions()
+ generateReports()

"id": "urn:ngsi-1d:MeteoSensor:1.654-47.918",
"type": "MeteoSemsor",
"liquid_rainfall_mn": {

"TimeInstant": {

"type": "DateTime",

"value": "2024-09-30T22:00:00.000Z"
¥

3y

"potential_evapotranspiration_mn": {
"type®: "Float",
"value": 0.300000012,
"metadata”:
"TimeInstant": {
"type": "DateTime",
"value": "2024-09-30T22:00:00.000Z"

¥
H
I
"refMeasurePoint": {
: "Relationship',
"value": "urn:ngsi-ld:MeasurePoint :1.654-47.918"
"metadata": {}

},
"solid_rainfall_mm": {
: "Float",

"TimeInstant": {
type": "DateTime",
"value": "2024-09-30T22:00:00.0002"

b
}
b
"temperature_oC": {
: "Flo,
"type": "DateTime",
"value': "2024-09-30T22:00:00.000Z"
}
3
}

"wind_mps": {

"metadata”:
"TimeInstant": {
"type": "DateTime",
"value": "2024-09-30T22:00:00.0002"
¥
¥

}

| it [ | i
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(MAE, MSE, RMSE)

A

Plot Real vs Predicted ‘ “

Forecast Target Variable
(k steps)

Prediction Accuracy

=‘[ Multi-step Forecasting

Input Validation i i Data Fetching from MongoDB i ! Model Initialization i
) N ! i . e
MongoDB Sensor Time Range |ic= i [ Historical Data }—»[ Aggregation }--__L‘-,:}>i [ Selectp, q, d, k }_' Define Analysis | : ﬁii&%?ﬁﬂj&
Query Selection | I o ! : .
i i A A b ' ‘ ( : > XGboost )
TTTTTTTTTTmmmmomsonoomooosoooooooosoosoooooooooooooos ' o i' """ ;’ """"""""""""""""""""" o E ; - Define
R et e ! E E E i Hyperparameters
Water_Level |----- . i CoTTTTTTITTT AT ! i i
i Input Data Selection i Preprocessing & Data Retrival Model Taining
o : e : [ Handling Missing Data R R R Train-Test Split ;
Water_Depth S ] EET — Exogenous - i g i Model Traini
Variable : Inputs Time Aggregation | Fit Historical Data L o odel Training on
i (Day, Week, Month, Year) ' ' Training Set
! i Update Weights ; v
""""""""""""""" i i i Relationship b/w
: ' i Aand B
= i Y i
Performance Evaluation Prediction
Visualization Compute Metrics : Use Past Values + Exo. :
E Inputs E
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PREDICTION

E\\\\\\\\\\“\HHDAEA

DIGITAL TWIN
- Digital twin methodology

- Interoperability, component/data integration

JANUSS

- Global implementation, testing, evaluation

LE STUDIUM Scientific Council 2026

- Al (top-level view)

DIGITAL TWIN team

e Data Integration in Science
e Data Sources (Data Ingestion & Connectivity)
e Data Pipelines - ETL/ELT (Extract, Transform,
and Load) scheme

Project Circularity: All about data

e Data Integration in Applied Science
Data engineering for large-scale project
e Data application defines project architecture
® Project architecture helps data visualization
e Data visualization leads to information
extraction and data-driven decision making
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ENVRI RM

Ove ra.” mOdeI Organization

research teams, institutions,
purpose, users

Science Functions
Data
components,
data used, data functionality,
enerated, lifecycle : interfaces
2 4 Computational
Digital
Distribution i
Implementation

network nodes,
containers, structures,
middlewares, clients

Specific technologies
and standards

LE STUDIUM Scientific Council 2026

DIGITAL TWIN focus: all about data

Digital Twin - a virtual model of a system,
Digital Twins - dynamic representation of a
real-world physical environment,

Digital Twin - updated with real-time data,
Digital Twins - linked and synchronized with the
real world via 10T (Internet of Things)

Data: Core of Digital Twins

Data - the "nervous system" of a Digital Twin
Data connects the model to the physical world.
Environmental Data - External feeds (weather
patterns, CO, water quality, or satellite imagery.
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Organization

INRAE
France's National Research

Institute for Agriculture, Food
and Environment .

-
-
-
- -
-

- SOIL-GHG

LIG’AIR

Association de
surveillance de la qualité
de l'air en région Centre-
Val de Loire

SITIIMNIINe
.

e

ICARE (Inst. de S
Combustion, e
Aérothermique, .
Réactivité et
Environnement)
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French National
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Scientific 4
Research ISTO (Earth

Sciences Inst.
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Applied Computer
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JUNEAU DIGITAL TWIN
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FUNCTIONS /FUNC.

Data & Functions Digital Twin project:

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

* Modular, layered architecture

:::ams . . a . B . a@ ool « Large scale size project with data stream,
o L2 FR Sols SNO z = [ = ) ‘
: j ot | I‘ * Upscaled from ‘file-level’ to ‘model-level

..................................................................................................................................
LS ‘.. ! 1,’ e e - = use cases
B T T Y A o = = =
- prediction of floods

£|\ 5 oy oo G oA é - prediction and simulation
—| water-levels of : I R NS A B ‘
WATER ' el Rt =| the Beauce (R (Xj i =
QUANT. | NN Tl aquifer I B A B s
NN = A
- viability of forest extension

TR e O O 3 (IR | F i, Data is organized using relationships.
contaminants HEE T HE 1 = g = ollutant migration . " AT
QUALITY ///// through l:> ':> - pollutant trans. models _Eo”ummmigrlaﬁon. > The Entlty (The TW|n ) The top |eve|

regional soil models and simulations .
. _ frasiol et > Sub-Assets: Components of the entity
ﬂC) regiltl:tr;alair é
ad | quality, H
=9 S ‘:> OOO o E>
é PM10 and ozone .
- understanding nitrus > The live data streams (e.g.,

£ o : .
ecological products (e .g . SOI I y Wate r, Cl I mate data) .
oxide emissions t t t ” t t
ional GHG = - hypothesis for reducing GHG
_fl‘?_ regional GHG (X) -GG omssiors modes e e empe_ra ure, water usage, PO utan
i ; : - emissions maps = for GHG reducti
G| soi propertes G0 e et | B3 Brcherecten levels in water, GHG emissions).
- nitrogen losses
/FUNC.
* KB: Knowldge Base, hist.: historical, poll.: pollutants, prop.: properties, trans.: transportation, AQ: Air Quallty GHG GreenHouse Gases (NQO 002 CH,;)

of global warming effects

 prodicion of andsicdes Data Organization in Digital Twins:

and avalanche hazards

- viability of farming The Asset HlerarChy

- prediction of droughts

- water-level models
- water-level maps
- water-level hist. and KB

- AQ and poll. models
- AQ and poll. maps
- AQ and poll. hist. and KB

e e > Properties: The static data (e.g.,
measures and emissions

- hoalh damago by temperature, water pH).

: 2
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t networks } 00—
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1

DT3
| servic
.
X .
~

DATA network ‘L

v
validation
N |
visualization
ro: s

advanced analysis,
scheduled processes Bggregated precomputed
summaries, results
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S service

N

VISUALIZATION

(layer 1)

[P - R 1, 1 S—

LE STUDIUM

APPLICATIONS
(layer 2)

DT Front End
(1) Visualization
(2) Applications
(3) Data

DATA
(layer 3)

DT Back End
(A) Face

(B) Limbs

(C) Back

Digital Twin project: Functional organization
as a layered data stack

* To manage many sources and many
users, the functions are organized into
"layers" so that a change in one doesn't
break the others.

* Functions that use Python languages and
its libraries

e REST APIs for web data

» Data digital thread: functions of Digital
Twins link data across the entire lifecycle
(from design to archive)

* Physics-Based Models in Digital Twins:
functions use embedded math to simulate
climate data: heat, or fluid dynamics.
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Proof of Concept: Water Quantity

data sources

* ADES - Hub'Eau

XS
e lo;

models, functional
objects, analysis
pipelines

Piezometric water levels (hourly)

* ERAS
Meterorological (hourly):

precipitation, evapotranspiration

water level models and maps
(temporal and geolocation) based
on multivariate data with
interpolation and extrapolation
capabilities and consistent with

« METEOFRANCE (hourly): rainfall, “what if” scenarios
temperature, pressure, humidity,

solar radiation, etc.

SAFRAN

Meteorological models
(daily): effective rainfall,
potential evapotranspiration

goals, use cases,
scenarios

SC.1 — Monitoring current and
historical water levels

SC.2 — Visualization by
interactive/informative 2D and
3D maps

SC.3 - Prediction of water
levels and availability for
irrigation

SC.4 - |dentification and
prediction of critical levels and
vulnerable areas or in danger
(droughts)
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Implementation

Orion Context Broker

context / create context elements and manage ‘,

them through updates and queries

EIWARE - management
Data Integration L‘.‘-’/
Platform Fl » interoperable
Sl NGSI-LD
S Information Model and standard APl <%
- smart cities scalable
- industrial loT

\ Docker

Containers, application packages Interaction via REST
A and NGSI-LD APIS
: (HTTP requests)

- smart agriculture

- etc. open source

data processing

i ! MongoDB |
Databases, NoSQL *
mongo DB A

Unstructured data,

security and privacy linked data, ontologies

Data components
e.g., Cygnus, Cosmos .

Analysis-, processing,
= Wirecloud S services, machine

3 Visualization, dashboards, <+ learning, Al tools, etc.

user interfaces : Python
v High-level programming
e.g., OAuth2, Keycloak language
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|~ Historical Data Visualization

=z Data Configuration

5 Data Source

Water Quantity Twin

[ Start Date (1/01/2020

® Measurement Points

£ Primary Stations

* | 03614X0001/PAEP | = | 03278X0020/P

| Visualization Results

ol Primary Data View

120

115

110

Explore time series data from water quantity, air quality, and satellite sources with advanced filtering and visualization capabilities.

i= Feature

X - groundwater_level

End Date (9/29/2025

(@ Additional Stations

X w = | 03627X0052/P1

Actions

» Analyze Data

—=— 02614X0001_PAEP
—=— (Z278X0020_P
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|~ Time Series Forecasting

Advanced forecasting with machine learning algorthms including NARX, XGBoost, and ARIMA. Prediction uses perfect future information for exogenous inputs. Forecasting assumes zero-value for exogenous inputs over the prediction horizon.

=% Data Configuration | Forecasting Results

[ Start Date (31,01,/2020 End Date (08/01/2025 o0l Forecast Visualization

(D Analysis Scale ) Data Source @ Station
day x - Water Quantity Twin ~ » = 03614X0001/PAEP ® -

& Target Variable + Exogenous Inputs e naslt

—— g3
groundwater_level ® - x | temperature_oC - — forecast
* | potential_evapotranspiration_mm X 1zs

= | liquid_rainfall_mm 12

115 -

& Model Parameters i

1105
p (AutoQOrder) q (Exogenous) d (Delay) k (Forecast) - - - - - -
R 2 - 10 5 °
Steps in the past to use Past steps for inputs Prediction delay Future steps
Analysis Method Options .
@ ys P (i) Model Performance Metrics
Monlinear autoreg. model (MARX) with Random Forest = « Auto Hyperparameter
Tuning Target: groundwater_level
Exogneous inputs: temperature_oC, potential_evapotranspiration_mm, liquid_rainfall_mm
When enabled, the system Predictions: [111.613,111.583,111.593,111.523,111.553]
searches multiple parameter Real values (if available): [111.6,111.55,111.53,111.44,111.44]

combinations and selects the best

performing set automatically.
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