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SP 1. Introduction

1.1. Problematic
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IoT System

IoT SoS Diverse Disturbances

Where is the problem, what should be done and
how to make the system resilient?

Meriem SMATI



Meriem SMATI

1. Introduction
1.2. Why use Digital Twins

® Scenario Simulation & Real-time feedback
to not affect the PT.

®m Process optimization by using predictive
maintenance.

s Help with decision-making.
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1. Introduction
1.3. Research Questions

m How can we efficiently integrate multiple
Systems DTs to compose a comprehensive
SoS?

m What are the specific challenges associated
with modeling and simulating the
integrations of constituent systems with
along with their DTs within an SoS?

= What architecture could ensure consistency
and synchronization between individual
DTs and the overarching SoS?
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—> Digital Twins Concepts ——» 47 Articles
Only o9 articles were
, found on the subject
——»  System of Systems Concepts ——» 34 Articles and Ol’lly theoretical
m— contributions without
101 articles - DT of SoS —» 09 Articles validation
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2. State of the Art

Digital Twins

The Digital Twin is a set of virtual
information  constructs that fully
describes a potential or actual physical
manufactured product from the micro

atomic level to the macro geometrical
level [1][2].
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2.1. Context

SP 2. State of the Art
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Cognitive Digital Twins
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Cognitive Digital Twins are digital twins P 8 | (@ Visualisation
oy eyoye loT System k e
that possess cognitive capabilities, | ! . Cognitive Layer e,
. . ; B @ L je— (Al) JBG
allowing them to perceive, learn, reason, ; 2 : = < ition
. e e
and solve problems autonomously. o
\ J Database .
Datfas_e.t Vault
\ Repository | Repository /
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1.
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Commu-

DT1 |« nication €

Medium

Focus on particularly one system and its DT

System of Systems

System 1

System 2

System n

3. Methodology

Start with
one System

The goal is to create a
system and its DT to see the
communication between the

physical and digital aspect
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3. Methodology

2. Focus on the communication between Systems and DTs

SoS DT

DT 1

% nication

DT 2

—P nication

DT n

Commu-
nication
Medium

Commu-

Medium 1

Commu-

Medium 2

Commu-

Medium n

System of Systems

System 1

System 2

nication €—
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System n

« Depending on the communication between the
two systems ? How to model a uni &
bidirectional communication ?

« If a system has a DT, how the Digital
communication and Physical one is seperated ?

« If a constituent system is integrated later on,
how to add a DT in real-time — Scalable and
extandable architecture ?
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S 4. Propositions & Ongoing Work
4.1. Creation of a System and its DT

D Hformm
Pou I Systmede ctio

4.1.1 Creation of a CSDT Layers

////7\\ T
Reality &

H —  Not enough data from the real word
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4.1.1 Creation of a CSDT Layers
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- 4.1. Creation of a System and its DT
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4.1.2 Generic Architecture

Physical Twin System

Sub-System 1 Sub-System i

Communication Medium

|
|

DT & CSDT in Collaboration

CSDT of Sub-System 1 DT of Sub-System i
Database & Datab
Data Generation atabase
Simulator of the First Sub-System - Simulator of the i-th Sub-System

Replica of Replica of Replica of Replica of Replica of Replica of
Component 1| (Component 2 Component i Component 1| | Component 2 Component i

Bidirectional communication between the physical
sub-sy and its equivalent CSDT or DT
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Bidirectional communication between the physical
twin and its Digital Replica



S 4. Propositions & Ongoing Work
4.1. Creation of a System and its DT

4.1.3 Generic Architecture Applied on a use case

m Use case: Occupancy detection

» Two subsystems \/ First system collects data
: Y\ Second system receives data and moves accordingly

m Find appropriate Machine Learning/Deep Learning models for prediction
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4.1.3 Generic Architecture Applied on a use case

# ' MainWindow

Physical Twin

First sub-system Second sub-system

= Collected Physical Data The Expected Action
= n Temperature: 24.1:'
,
3 Humidity: 19.0
g Predicted Class: 1
Light: 582.0
. i = Robot Status:
. €02: 400. -
-
Status: There are
g = problems with the
Digital Twin following motors :
First sub-system's CSDT Second sub-systems Digital Twin Hickar L, Vowe 6%
Physical Data Generated Data )

Humidty: 19 | | Humidty: n,

Predicted Class: 1
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4.1.4 Recap

DT 1

Commu-
4> nication
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Medium

4. Propositions & Ongoing Work
4.1. Creation of a System and its DT

System of Systems

System 1

System 2

System n
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oo 4.2. Ongoing Work
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System-of-systems
Digital twin System-of-systems R AL e —
. ST, i
DT1 [+ DT2 o ) [cs1 ke Cs2 -+ DT1 [5] cs1 cs2 f
T — T L || = Tk
DT3 e~ DT4 | (= cs3 cs4 —{ DT3 [5] CS3 o csa [=] DT4
H !

Figures from [5]
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4.2. Ongoing Work
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Shared between systemi\_ N\ S S
..+ Communicate system's
" | capabiliies & intent 7 o Cmmmmmm e Usgr == ==ccccmcccccacacaas SoS DT
Metamodel > S1 CM DT SoS Functions Manager [€-Use - 4 Workflow
-« — «— ; X
1 > S2 “«—> (M2 <—+——> DT2 e
tDT21 || tmz tDT21 tDT22
- ase o_ S ———T T )
Sl S3 «—> M3 <«+—> DT3 <
tprs, || tors, tprs, || tprs,
A : :
: S x
Prima Supported What to Require- <
{Cap!abilirt]i’es] {C:pabilities] [ achieve ] [ ments ] Y Sn <«<—>» C(CMn <€<—> DTn __,E EIIERgETIce
Ei\ables nformation] . | Evpressedina wa‘yto —r;cognize 1 78} External Communication
and value exchange 1 capabilities but not divulge details on T
L how those capabilities are realized. |
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m Finish the architecture of SoS DT

m Explore the possibility of creating a metamodel /
generic architecture of SoS-DT

s Examination of additional case studies

m Creating a Resilient DT

Meriem SMATI

Contact: meriem.smati@insa-lyon.fr



il

S,’
7. References
Laboratoire
Décision et Information
Pour les Systémes de Production

[1] Grieves, M. (2014). Digital twin: manufacturing excellence through virtual factory
replication. White paper, 1(2014), 1-7.

[2] Grieves, Michael & Vickers, John. (2017). Digital Twin: Mitigating Unpredictable,
Undesirable Emergent Behavior in Complex Systems. 10.1007/978-3-319-38756-7_4.

[3] Mark W. Maier, 1998. "Architecting principles for systems-of-systems," Systems
Engineering, John Wiley & Sons, vol. 1(4), pages 267-284.
[4] Grinsztajn, L., Oyallon, E., & Varoquaux, G. (2022). Why do tree-based models still
outperform deep learning on tabular data? arXiv preprint arXiv:2207.08815.

5] Olsson, Thomas & Axelsson, Jakob. (2023). Systems-of-Systems and Digital Twins: A Survey
and Analysis of the Current Knowledge. 1-6. 10.1109/S0SE59841.2023.10178527.

Meriem SMATI



