POLYTECHNIQUE EDTconf
GHTREAL & e EDTeon e cham

DTlInsight: A Tool for Explicit, Interactive,
and Continuous Digital Twin Reporting

Kérian Fiter, Louis Malassigné-Onfroy, Bentley Oakes

 C P International Conference on
Engineering D Twins

£
igital T

Grand Rapids, MI, USA - 2025-10-07




POLVTECHNIOUE EDTconf e cnam

What does your Digital Twin (DT) do?

Our goal: to help practitioners easily and systematically
report their DT’s capabilities with the DTInsight tool

Robot arm Concrete mixer
A Digital Shadow for Accurate Robot Probabilistic Update Scheduling for
Motion Control: Integrating Data with Digital Twins: A Semi-Markov
Friction Models, Heithoff et al. Approach, Andersen et al.
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Research Questions

(1) How to make DT reporting more formal & systematic?

(2) How to easily explain a DT to different stakeholders?

(3) How to provide continuous reports of evolving DTs?
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insights / actions
Physical Twin '

' ' sensor data

Digital Twin

DT software
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(1) Explicit

insights / actions

Physical Twin ; Digital Twin | DT software --
1 ' sensor data

Lt s
o Pillar 1: explicit reporting 5
2 — > !
o DT Characteristics DTDF Ontology :
E E C1: System under Study Sonforms tOT E
' C2: Physical acting components i
v structures :
P DT Model | :
o C21: Security & safety considerations = '
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(1) Explicit (2) Interactive

insights / actions

Physical Twin ; Digital Twin | DT software -~

_ |+ ' sensor data :

o Pillar 1: explicit reporting 5

11 - = —> 1

' DT Characteristics DTDF Ontology J

E E C1: System under Study conforms toT E

£ C2: Physical acting components i

b structures )

e DT Model :

oo C21: Security & safety considerations - :

vy input Pillar 2: interactive reporting v v

----- - [ ] — '
() = (i8] mmeed e et
- EC——— 4
'=Dle=) =
DTInsight
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(1) Explicit (2) Interactive (3) Continuous

insights / actions _ Pillar 3: _
Physical Twin | | Digital Twin | DT software |--, |  COntnuous reporting
| |+ ' sensor data calls CliCD

7l Pipeline

o Pillar 1: explicit reporting ; e
' Ty — > DTDF Ontology | !
= DT Characteristics : Reporting summary
ke C1: System under Study conforms toT ! ; —
1 ! | C2: Physical acting components i == CEDTE
Lo structures AN B poel
| : S DT Model o || p—
vt C21: Security & safety considerations . :
vy input Pillar 2: interactive reporting v v

..... — _1 T :

—— 4

DTInsight : e e
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C1. System under study
C2. Physical acting components

21 characteristics
to describe a DT
|

C21. Security and safety considerations

| . . .
i (1) Explicit representation in Ontology Modeling Language
\ 4

oper CAESAR
f/ Cl@: Models/Data {f MODELS / DATA . 2/,!'
aspect Input instance cnntr?ller_mndgl : DTDFVocab:Model [
concept Model < DTComponent, Input DTDFVocab:inputTe simulator Rosetta
concept Data < DTComponent, Input ] B o s et O .
instance sensor_data_historical : DTDFVocab:Data
[

T
|
I
|
I
I
|
I
:
|
relation entity InputTo [ : DTOFVocab:inputTe simulator, data_processing, data_fusion
from Input I - -
|
I
I
|
I
|
I
|
I
|
I
|
I
|

DTDFVocab: fromData aeroboat_pt:i:sensor_data
to Enabler - -

forward inputTo
reverse hasInput

]

// Cle: DT hesting/deployment
instance deployment : DTDFVocab:Deployment [
base:desc "The Incubater DT is deployed locally on a LAN."

]

OML vocabulary (concepts) OML description (instances)
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(2) Interactive DT Conceptual Architecture Visualization

DT constellation for reporting both structure and behaviour

I | Ij

Physical Twin (left part): Digital Twin (right part):
Operator, Machine, System Models/Data, Enablers, and Services

Environment, System, and
Sensors/Data Transmission
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(2) Interactive DT Conceptual Architecture Visualization

SERVICES

N G O et i
e Viz built in open-source game

engine (Godot) 5o
e Uses SPARQL queries to fetch the G
DT Characterisﬁcs (simula or)(s @_estima ) anomaly det-ctor_enabler optimization i

e Example constellation is of the

. MODELS
incubator DT
ANN_state_estimation_model '] ANN_model

)

two_para_model

four_para_model models

' controller_m

Feng H et al. “The incubator case study for
digital twin engineering”, arXiv:2102.10390
7/11
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(2) Interactive DT Conceptual Architecture Visualization

SERVICES

[ sreman seecor JC S TR
anomaly_detector
. Oper ‘fisualization

1

e Three main capabilities:

o Hover to explore data flows
between DT components

o View DT component scripts

o Visualize real-time sensor data
(graphs or 3D)

ENABLERS

Goal: Relating DT structure
and behaviour Interactive monitoring with laRabbit message broker
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(3) Continuous Integration GitHub Actions
into a live reporting page e

Digital Twin Reporting Summary

DT Interactive Constellation

e Continually generated by a CI/CD pipeline to
generate a reporting page website

e When the ontology representing the system | - — o
changes, the reporting page is re-generated i S &

(C6) DT services: safe_adaptation, real_time_viz_service, R e
anomaly _detector, policy optimization,
heater_state_estimation_service, what_if_sim

(C20) Standardization: Communication is carried out using
AMQP standard via RabbitMQ. Behavioral models have been
produced following the FMI standard version 2.

9/11 https://oakeslabmtl.githljb.io/DTDF/
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Demo

livegand Continuous Digital Twin Reperting=Bemoy

ARCHING

QENI  Srorely.detectar  polCT.optmAaGn  hstes UM sstanation sevics |

ENABLERS
anomaly debeitor enabler  cpbimiation shn  Gmhioard enabier m dotker  fiux,
MODILS DATA
St par el ol e ] PLmodel  ANN S suEmstion mage AN TSOR DS paramodel ConUrolarmooce  erwmodil LA b madel
contrader_ktate_tranm L e LY
Hido legend
R RIS I
8] Reaitime

Regarder sur [£8YouTube

https:/www.youtube.com/watch?v=CDOpdK-eGXY
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