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Some Digital Twin Use Cases

5 5 Design
| Socio-technical P o
ol b ‘ Systems :

End-of- ‘f.}construction
— life A .
sy NI = et ¢ Long-
= —— pes : 1 Operation .
s Pr.o.cess SHAGIEHEE ) L iEeedmg Multi- lasting
mining | | Optimization  ; time perspective
Hospital Transportation Injection Molding Civil Structures
Blade Nacelle Multi-fidelity
ower

- Management

Six-Axis Industrial Bl
= L Robot Arm

Automation

Biomanufacturing
_: Functional
Engineering Modeling

Software Systems
Wind Turbines

Teaching Electric Minin
' © Software Engineering
Architecture Processes

Fischertechnik Factory

Mining Transportation

S | Software

Engineering

4 ‘ Software Engineering | RWTH Aachen




Digital Twins as complex, long-lasting, software-intensive systems

Data Control,
condensed
information

contextual data and their
aggregation and abstraction

/

A Digital Twin of an original system is a software that consists of

» a set of models of the system and

 a set of digital shadows,
— both of which are purposefully updated on a regular basis, and

» provides a set of services to use both purposefully with respect to
the original system.

« The digital twin interacts with the original system by
— providing useful information about the system’s context and
— sending it control commands.

Digital Twin

5 Software Engineering | RWTH Aachen
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A Characterization based on Data Flows

When to use which term?

* Properties of the

Digital Shadow Digital Twin
S I S

data flows S nlinlnf i
* Manual vs. automated Physical Physical Physical
Object Digital Object Digital Object Digital
t t Object 1 Object
 Missing, e.g., A — A ——
— Properties of the digital
object [Tttt v 1
— Purpose : =T
— Data aggregation ae i
— How to realize CAD model reaL car car digital twin
automation (services?) = """ T777° ! '
- — —» Manual Data Flow — Automated Data Flow
W. Kritzinger, M. Karner, G. Traar, J. Henjes, W. Sihn: Digital Twin in manufacturing: A categorical literature review and classification. IFAC-PapersOnLine, 2018.
RWTH
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5D Digital Twin Model

« A definition based on constituents

 Adigital twin comprises of
— Physical object, e.g., beings, CPS,...

— Digital object, e.g., models, software infrastructure,...

Services, e.g., monitoring, optimization, prediction,...

— Digital data, e.g., sensor data, manufacturing orders,...

— Connections, e.qg., WiFi, ethernet, fieldbus,...

* Missing, e.g.,
— Border where the digital twin is
— Details about connections
— Data aggregation
— Active vs. passive components
— Purpose

Services

connectio:n between
services and data

CN_PV: connection between
physical entities and virtual models

Physical entities Virtual models

F. Tao, M. Zhang, Y. Liu, A.Y.C. Nee: Digital twin driven prognostics and health management for complex equipment. In: CIRP Ann-Manuf Technol, 67 (1), 2018.
Q. Qi, F. Tao, T. Hu, N. Anwer, A. Liu, Y. Wei, L. Wang, A.Y.C. Nee: Enabling technologies and tools for digital twin, In: Journal of Manufacturing Systems, 58 (B), Elsevier, 2022.
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Digital Twin Framework for Manufacturing (ISO 23247)

—_— = — |
 1SO Standard i User Entity |
— Published in 2021 | — |
. [ User Interface FE !
— Focus on manufacturing I |
|
| |
 Structure I Digital Twin Entity S EEE
| =
. 1 - =
— Part 1: Overview and general | . __ , | HERE
. . | Operation and Management Application and Service Resource Access and Interchange SISl & g!
pr|nc|p|es ! Sub-Entity Sub-Entity Sub-Entity i ‘{5‘ = 8|
_ Part 2 . Reference aI’ChIte CtUl’e : Repre[::ﬁt:tiuuFE Maintenance FE Simulation FE Reporting FE Intg;:};z};_a;l}i]rliry Pg.i:gpag;?tP&aﬁy E 2 (g.. E; l
- | ] — = o x4 [} |
1At H l “hronization nalytic Service ication cces er 8 5 0l
— Part 3: Digital representation of || f[presentation pi | ymehromiaat Analytic S Application Jecess [ Peer E A E R
manufacturing elements | A
. : | |
— [ |
Part 4: Information exchange : Device Communication Entity :
: Data Collection Sub-Entity Device Control Sub-Entity || :
i - Cgﬂem " Pt't?l:ael.éisﬁfge-f-']i e M Controlling FE | | Actuation FE | 4 COMTeL i
= _LLJ |
J[ Digital Twin Framework

Observable Manufacturing Elements (OMEs)

Resource-specific FEs

Source: https://www.iso.org/standard/78743.html
E. Ferko, A. Bucaioni, P. Pelliccione, M. Behnam: Standardisation in Digital Twin Architectures in Manufacturing, 20th International Conference on Software Architecture (ICSA), IEEE, https://doi.org/10.1109/ICSA56044.2023.00015
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Digital Twin Consortium | Platform Stack Architectural Framework

 Digital Twin Consortium (DTC)
— Founded in 2020 by Anys, Microsoft, Dell, Lendlease

— Members, e.g., Google, Dassault Systems, Mitsubishi =N,

1 Other Services

H . " - | Digital g o - |
Electric, Carrier, TUV Sud  spatai I Integration Service Interfaces | Sfchronkation

|
Virtual Representation

Integrated Representation / Functions Real-World

Synchronization
Mechanisms

|
 Platform Stack Architectural Framework |
— Virtual Representation |

— Synchronization with the real world & external data |
sources i
|

Other Data
(Structured/
Unstructured)

Stored
Representations

Computational
Representations

PlIOM [e3Y

IT/OT Platform

Applications and services
— IT/OT Platform
— Security and Trustworthiness

“External”
Security, Trust, & Governance Data

Privacy Security Safety Resilience Reliability t Sources

Source: https://www.dligitaltwinconsortium.org/platform-stack-architectural-fram-formework-an-introductory-guide-form/
https://www.dlgitaltwinconsortium.org/glossary/glossary/
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Digital Twin Consortium | Digital twin ecosystem capabilities

DS.AI
Data Acquisition
& Ingestion
DS.ST

Data
Streaming

DS.TR
Data
Transformation
DS.CX
Contextualization

DS.BP
Batch Processing

DS.RT
Real-time Processing

DS.AS

Asynchronous
Integration

DS.AG
Data Aggregation

O Data Services

DS.SC
Synthetic Data
Generation

DS.ON

Ontology
Management

DS.RP
Twin (DT)
1 Repository
DS.IR
DT Instance
Repository
DS.DS
Domain Specific
Data Management
DS.SA

Digi
M

Data Storage
& Archive Services
DS.SR
Simulation Model
Repository

DS.AR
AI Model Repository

O Integration

IRET
Enterprise System
Integration

IREGC
Eng. System
Integration

IR.IO
OT/1oT System
Integration
IR.DT
Digital Twin
Integration
IR.CL

Collab Platform
Integration

IR.AS
API Services

MG.DM
Device Management

MG.SM
System Monitoring

O Intelligence

https.//www.digitaltwinconsortium.org/initiatives/capabilities-periodic-table/

ICSR ICPR
Search Prediction
I1C.CC IC.AI
Command & Control  Artificial Intelligence
IC.0S 5 ‘C_ﬁ
. rescriptive
Orchestration Recommendations
IC.AL IC.FL ICBR
Alerts & Notifications Federated Learning Business Rules
il s Distrib ::dT‘ed
Reporting TR & Sma‘:t Conn'agcet:
IC.AA ICMA 1C.CS
Data Analysis Mathematical -
& Analytics Kailitcs Composition
MG.EL TW.EC TW.SC
Event Logging Data Encryption Security
MG.DG TW.DS TW.PR
Data Governance Device Security Privacy
O UX O Management C \; Trustworthiness

UX.BV
Basic Visualization

UX.AV
Advanced
Visualization

UX.RM
Real-time Monitoring

UX.ER
Relationship
isualization
UXXR

Extended Reali
(AV/VR/MR

Enti

UX.CM
Gamification

TW.SF
Safety

TW.RL
Reliability

UXDB
Dashboards

UX.CI
Continuous
Intelligence

UXBI
Business Intelligenc e

UX.BP
BPM & Workflow

UX.GE
Gaming Engine
Niial b

UX3R
3D Rendering

TW.RP
Responsibility

TW.RS
Resilience

10 Software Engineering | RWTH Aachen
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RESEARCH AIM

HOW TO IMPROVE THE DEVELOPMENT

OF COMPLEX, SOFTWARE-INTENSIVE DIGITAL TWINS
WITH A VARIETY OF FUNCTIONS AND SERVICES




Overview Digital Twin Research (selected topics)

Architectures Composition _ _

« Connect DT with Cyber-Physical Systems and loT » Methods and Variants = Y ]

- Self-Adaptive Digital Twin Architectures * Integration Challenges for DTs ' I

- Process Prediction with Digital Twins [T~ "®=| g crinability

» Asset Administration Shell (AAS) | . _=—— . Digital Twins for Sustainability and

DT Engineering Processes Q | Sustainable Digital Twin Engineering

- Digital Twin Maturity Model Data in DTs T

« Creating DTs from Engineering Models 7~ ° Digital Shadows "“f‘ ,E
- . o X)) b,

« DevOps Digital Twin Engineering Process :{“f‘}

MDE of Digital Twins & Models at Runtime

* Generating Digital Twin Cockpits & Generate
Process-Aware DT Cockpits from Event Logs

» Low-Code Platforms for Model-Driven Digital Twins

12 Software Engineering | RWTH Aachen
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Overview Digital Twin Research (selected topics)

Architectures Composition _ ._
« Connect DT with Cyber-Physical Systems and loT * Methods and Variants = ;Y @
 Self-Adaptive Digital Twin Architectures . =
+ Process Prediction with Digital Twins [ =] =~ &=
- Asset Administration Shell (AAS) § el .

i 1
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Digital Twin Architecture | An exemplar

Digital twin services

— Monitoring and controlling the cyber-physical
production system

— Live supervising production process

— Self-adaptation

Digital twin cockpit

— Aggregating information

— Visualizing the cyber-physical production
system's state and digital twin's state

— Enabling user interaction with the digital twin

DT Cockpit

Frontend

View z Cmdz
Model
L

LI
Logic Processor

Data Lake

Adaptive Loop

Reasoner
State

Digital Twin

Evaluator|
State

Evaluator %l_ﬁ[lj
W] M

Digital

Shado

I, BT
,

==

Goal

Command

Visualization

Connection
Layer

Cyber-
Physical
Layer
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Model-Driven Engineering of Digital Twins

CPS-DT Integration

Architectural Integration and Generation

Transformat
loT

¢

loT

ion

and Generation

Generated
GPL Code

IoT
System

System

ey
Digital Twin

System

e Digital Twin

Generated
GPL Code

Development Digital Twin

Centroller

L

case 1

(outgoing port)
|

|
|
| casez

| (unconnected—,

| incomingport) | |/

s'a?nsar

[KMR+20] J. C. Kirchhof, J. Michael, B. Rumpe, S. Varga, A.

Wortmann: Model-driven Digital Twin Construction: Synthesizing
the Integration of CPS with Their Information Systems. MODELS‘20

Generating Digital Twin Cockpits

Dashboards for Visualization and Interaction

Digital Twin

Injection Moiding

ettt | et Mot i+ A e

[DMR+20] M. Dalibor, J. Michael, B. Rumpe, S. Varga, A.
Wortmann: Towards a Model-Driven Architecture for Interactive
Digital Twin Cockpits. ER’'20

Low-Code Development Platforms

for Digital Twins
2-step Generation and Configuration

Models, LCDP
o Components

MontiGem
Low-Code

‘o Development

Platform
D;{a\ Twin
Generator

( Low-Code Development Platform

Application-Independent

5
@
<
5
<

Digital Twin(s)
DataProcessor l Evaluator | l Reasoning | |Ccmmumcalnon| | Executor |

a O]
- < - . ‘Command Local
EpEL SCR Executor Executor
@] @]
Expression SAT Q 0 Q
Evaluator Evaluator -MG'IT -REST -WS

[DHM+22] M. Dalibor, M. Heithoff, J. Michael, L. Netz, J. Pfeiffer, B.
Rumpe, S. Varga, A. Wortmann: Generating Customized Low-Code
Development Platforms for Digital Twins. In: Journal of Computer
Languages (COLA) 70, Elsevier, 2022.
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Digital Twin Architecture Requirements based on Common Definitions and Standards

Requirement

The digital twin. . .

Context

RO01 (Asset
Receiving)

R02 (Asset
Sending)

RO3 (GUI)

R04
(Representing)

ROS5 (Synchronizing)

RO6 (Reporting)

can receive data from its twinned
counterpart.

can send data to its twinned
counterpart.

has a user interface.
can represent its counterpart digitally.

can synchronize (selected) properties
with its counterpart.

can report information to selected
recipients aside from the AAS, e.qg.,
send a message to the asset
operator.

This capability can have the form of automated data
flows from the twinned system to the digital twin, dedicated
data collection components, or data ingestion functionalities.

This capability also is foundational to all investigated
digital twin models.

The form of the Ul is generally underspecified but
could range from basic visualizations to virtual reality.

Through data, models. This does not entail requiring a user
interface (see R03).

This is vital for the data-flow-based definition of DTs and made
explicit by requiring a synchronization component.

Using unspecified reporting capabilities or a reporting
component.

J, Zhang, C. Ellenwein, M. Heithoff, J. Michael, A. Wortmann: Digital Twin and the Asset Administration Shell: An Analysis of 3 AASs Types and their Feasibility for Digital Twin Engineering. SoSyM. 2025.
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Digital Twin Architecture Requirements based on Common Definitions and Standards

Requirement

The digital twin. . .

Context

RO7 (Twin
Communication)

RO8 (System
Interaction)

RO9 (Added
Value Services)

R10
(Reasoning)

can communicate with other digital
twins.

can interact with third-party systems
e.g., MES or ERP.

provides services to act on data and
models.

can reason about data from/ about
the twinned counterpart as well as
about data obtained from other
systems (cf. R08, R09).

Either through unspecified integration means or a
dedicated peer interface.

This can have the form of dedicated interoperability support
components or of interfaces to external data source.

Much of the added value functionality of a digital twin is very
specific to the AS or the processes on the AS, i.e., it can hardly
be generalized. Instead, architectures propose that digital twins
yield services that realize this added value functionality
specifically tailored to their use cases.

To enable various kinds of such reasoning, the different
frameworks propose specific analytics services.

J, Zhang, C. Ellenwein, M. Heithoff, J. Michael, A. Wortmann: Digital Twin and the Asset Administration Shell: An Analysis of 3 AASs Types and their Feasibility for Digital Twin Engineering. SOSyM. 2025.
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3-axis milling machine (OSAKA)

Asset Administration Shell

ID: https://www.isw.uni-stuttgart.de/halle/aas/osacal
Asset: Milling_machine_instancel
AssetID: https://www.isw.uni-stuttgart.de/halle/asset/osacal

Submodel Bill of Materials (BOM)

ID: [IRIIMMi1BOM [ Entity: Spindle ]LPL;@‘:;%@

SemanticiD: BOM L Entity: Milling machine instance

[ Entity: Hydraulic motors ] L Entity: Screws ]

Relation:

Entity Relationships
PLC and milling machine instance

ID: [IRI] MMi1Rels

SemanticlD: MMRELS Relation:
Spindle and milling machine instance

Submodel Digital Nameplate Submodel OPC UA Server Data
ID: [IRIIMMi1 Submodel 3D Models

Manufacturer name: Bosch Rexroth

Description: 3 axis milling machine Submodel Simulation Models

SeriallD: 1-18031
CompletionYear: 2018

J, Zhang, C. Ellenwein, M. Heithoff, J. Michael, A. Wortmann: Digital Twin and the Asset Administration Shell: An Analysis of 3 AASs Types and their Feasibility for Digital Twin Engineering. SoSyM. 2025.
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Asset Administration Shell Types (fast forward to type 3)

14.0 language

API

Active Part

Algorithms
Services

. Typ 3 AAS |

Passive Part

* Representing asset properties

»  Submodels

v

MDE and the AAS

RO3 (GUI)
RO4
(Representing)
RO5
(Synchronizing)
RO6 (Reporting)

RO7 (Twin
Communication)

RO8 (System
Interaction)

RO09 (Added
Value Services)

R10 (Reasoning)

© o © @ 060 o o0 eoff

Req. Explanation
o (Awt The type3 AAS has an active communication with its asset.
Receiving)
R&i(g{;‘;'t Via the 14.0 language, the Type 3 AAS can send data to its asset.

With its active behavior, the Type 3 AAS could implement and host a graphical user
interface.

The type3 AAS can represent its counterpart digitally through the submodels and their
relations.

Via the 14.0 language, the Type 3 AAS can send synchronizing commands to its asset.

The Type 3 AAS comprises active components that could implement sending reporting
information via the 14.0 language.

The Type 3 AAS comprises active components and defined interfaces, so that it can com-
municate with other DT for specific submodel purposes.

The Type 3 AAS comprises active components that could implement communicating with
other systems for specific submodel purposes.

Within its active behavior, the Type 3 AAS is supposed to (autonomously) compute data,
e.g., for analysis purposes. But the extent is not defined by the IDTA.

Within its active behavior, the Type 3 AAS is supposed to (autonomously) compute data,
e.g., for analysis purposes. But the extent is not defined by the IDTA.

O The requirement is not required by IDTA.
The requirement is suggested by IDTA.
@ The requirement is defined by IDTA.

J, Zhang, C. Ellenwein, M. Heithoff, J. Michael, A. Wortmann: Digital Twin and the Asset Administration Shell: An Analysis of 3 AASs Types and their Feasibility for Digital Twin Engineering. SoSyM. 2025.
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Complex Systems Example | Injection Molding Machine

Challenges

 Highly relevant context
« Large amount of data
* Heterogeneous data

* Long life span

* Real-time updates

» Changing reality

Opportunities

* Reuse system models
of CPS

» Data-driven model
creation

Clamping Unit "

|

Control Cabinet
1

L|

.
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UC1: Monitoring and Providing Information to Human Operators

- e = e e e e e e = e e e e e e e R e e e e e e R e e e e e e e R e e R e e e A e e e e e = e e e
- -

Data Processor

Digital
Shadow
Caster

t

Executor

A

~

Digital Twin™~,

AN
\

AY

Use Case
‘, * Mmeasure process parameters
| temperature, and pressure
| r--------------- * indicate quality of the
(AL sl it IO ! workpiece

@

[——1

@

DT Cockpit

Cl@ @ ________ « provide information to

® .+ Monitoring and data processing

d Gateways]‘——: __Datalake 1 gperator

* experienced operator
adapts the configuration

Steps

* Visualization

v . .
 Adapt configuration
Database Interface P g
: 160® '
/
\\ Database Layer % [HIM+24] M. Heithoff, N. Jansen, J. Michael, F. Rademacher, B. Rumpe: Model-Based
S " g Engineering of Multi-Purpose Digital Twins in Manufacturing. In: Digital Twin:
P e e e o e e o o b e e e e B - Fundamentals and Applications. 2024.
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UCS5: Process Analysis

e e ————

-

e e e e e e e e e -

- ~

w Reasoner Digital Twin™~,
3 OR) ® N, UseCase
Conformance 1 ; » detect problems during the injection
Data Processor Checker Evocutor i molding process
Processor Process ®i e  describe measurable
1 @ Orchestrator =) OriginalSystem 1 gtang in a process model
« discover & check actual
process during operation
* operators act on
deviations

Gateways

@ ®@ (15
@ @ DT Cockpit

]
]
]
i
—% |
l
]
|

Steps

+ Define process model to-be

« Transform measured data into
process model as-is

Database Interface » Check conformance with plans

(2)(6) 3@ , » Suggest actions (execution, inform)

Process

%s)civery

&Y Database Layer P [HJM+24] M. Heithoff, N. Jansen, J. Michael, F. Rademacher, B. Rumpe: Model-Based
N - Engineering of Multi-Purpose Digital Twins in Manufacturing. In: Digital Twin:
o 2 Fundamentals and Applications. 2024.

e i W B i o . i i il OB
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Some (Important) Digital Twin Services

o e e e e e e e e e e e e e e e = e e e e e e e

, Evaluator Reasoner
4 'y : Y » H
‘ Digital tProblem, Action ; * Model-Driven Software
Qhery hgd Action |Feedback \
g Shadow . .
i : Contormance bk Further | | Engineering
i Data Processor ecker < i [
- Data, Executor RIS | — Component & Connector
: ule Digital TEvent * | .
1 Processor Shadows Log Action Process Feedback ' —c - AI’ChIteCtureS
1 : — 1 .. I
! breproeses | Digital foota, TR Suggested Orchestrator ' J1_Original System — Generate parts of the DT
: Data Shadow ;I]gléal v Action t vy : ’—> I;Data
adow s
= e Commandl— e T Dawlake |
! Processors shasow| [ BatesEys '%’L—‘—‘—‘—‘—‘—'—'—‘—‘—‘—‘—‘—‘—'—' .
! ; yne, bate . ™ Thirdparty 1 * Purpose-driven
1 Data . . | 5 . I . .
: Cockpit Backend [« Cockpit Frontend ! :___f\PPl_'Eaf'_o_nf___: engineering of DTs
i Event TActions, I H [
! ng Digis - it 1| Key needs different services
| Decisions, Models, 1|| Digital Twin || Infrastructure . . ifA_
| process | S0 pecst ol il ~Service || Component in different life-cycle
i ; ype, Digital I
! Discovery | |pomain |shadow ?hadow SDI.’??OIWSI : Essential Services for phaSGS
Model, YPEs, Igita Self-Adaptivit i
: :;OZE_TS Data Digital | Process Commands  [Shadow | e — Evolving DTs
1 - o
i i Bamu Mot il | s
! Database Interface | :
= 1|y Twin-External Application or
\ lTechnolongpeuflc Data Storage TTechnoIogy-Specific Data Retrieval ik Systeﬁf :
.- R 1
\\ Database Layer /' Action, Command, or Data
< - ’ Flow from Left to Right .
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Characterizing Services in Digital Twin Architectures

Reuse of services
— what specification is needed?

Connectivity via APls
i — commonalities
) Types of Sewlce§ — generation of APIs
— input/output (which Panning
data, which models)
— inner behavior
— cluster main
characteristics

Analysis Models
Requirements Models
dels

specification Mo
Resource Models
Risk Models

Monitoring
Services

Design &
Development

commissioning

Structural Models
Domain Models
Data Models
Behavior Models
Simulation Models
Process Models
visual Models

Structural Models
simulation Models

Digital Twin

Operation
Commissioning

Runtime Models
State Models
Application Models
Resource Models
Dashboard Models
Simulation Models

MBDO project
https.//mbdo.github.io/

V&V Models
Simulation Models

Deployment

Environmen t Models
Infrastructure Models
Communication Models

29 Software Engineering | RWTH Aachen
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Integration, Composition and Complexity Handling of
Digital Twins
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Digital Twin Systems-of-Systems in the Production Domain

Physical World

Production

Network Platform

S e

Factory

Shopfloor

Digital World

DT_F'C World-Wide Lab

Al Algorithm

DT Shopfloor-A

Service C

JUTIN T
Digital Twin —
Machine-A DHII-B :
= =

2 pYR £
.\\"\0 ® Data Lake "( T

Current digital twins

— developed for various levels of the real
world

— developed and used by different
organizational units

— serve different purposes, e.g,
= analysis, control, behavior prediction,...

— used at different times relative to the
represented system, e.g.,

= before it exists: explore design space
= during runtime: optimize behavior

|dentified 15 challenges (up to now)

32 Software Engineering | RWTH Aachen
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Integration Challenges | Overview

Horizontal integration of DT parts

Vertical composition of DTs

Composition of DTs for different
perspectives

Connection of independently developed
systems to a system-of-system

Different lifecycle representations of the
original system

[MPRW?22] M J. Michael, J. Pfeiffer, B. Rumpe, A. Wortmann: Integration Challenges for Digital Twin Systems-of-Systems. SeSoS 2022.

Protection of intellectual property

Privacy aspects of data

Rights and roles in the integrated DT

Composition of heterogeneous DT
implementations

Conflicting constraints and
requirements

Hierarchical functional abstraction

Composition of interfaces DT2DT and
DT2CPS

Interoperability of models and
simulation environments

Integration of graphical user interfaces

Heterogeneous technology-stack and
different distribution patterns of DTs

33 Software Engineering | RWTH Aachen
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AUTOtech.agil: Model-Driven Digital Twin for Vehicle Diagnostics

* Model-driven generation of the DT
— services, Software Oriented Vehicle Diagnosis (SOVD)-compliant
interfaces, data containers for digital shadows

— architecture models for vehicle service structure and behavior
= used to simulate expected behavior according to specification
= comparison of real vs expected behavior

— CDs + OCL to model

function classes for input/output data and function relations (storage

specifies

--------- :

Diagnost
Device

ic SOVD-
Client

N

Vehicle Service
Digital Twin

specifies

SOVD-Server ] ]

Diagnosis Interface

N

N

2 [_)?(ili]?;‘ Diagnosis " _Uf‘_?>5
specifies SEEE

of Digital Shadows) i “ __________ 7 Digital Shadows
= classes of software errors for generation of predefined error-class v\ N
specific diagnosis queries ! Gateway
: >{ sovb-Ciient
1 describes
 Pre-processing data in the venhicle services | ; control
. . . 1 t
— aggregating raw data for regular transmission | a1 | commands s
— detailed raw data on-demand : Y Vehicle | dataflow
= (e ) &
[HKM+23] M. Heithoff, M. Konersmann, J. Michael, B. Rumpe, F. Steinfurth: Challenges of Integrating Model-Based Digital Server o e
Twins for Vehicle Diagnosis. In: ModDiT Workshop at MODELS 2023 _—
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AUTOtech.agil: Hierachical Digital Twin Control Flow

« Receive data from vehicle through gateway

« Send control commands to original system [ Diagnostic Device
\\"4
» Service data saved in respective vehicle service DTs Diagnosis Interface
Vehicle
- Vehicle DT controls vehicle service DTs D'g“a' Twin
— contains orchestrator DT service to enable diagnosis of Y <
service orchestration \_1
— contains function DT service for each vehicle function —— —— G
. . . i ) Diagnosis Interface Diagnosis Interface Diagnosis Interface
involving multiple vehicle services : : : : : :
Vehicle Service Vehicle Service Vehicle Service
Digital Twin 1 Digital Twin 2 Digital Twin n
« SOVD-compliant interfaces enable DT operator to Gateway Gateway Gateway
connect via diagnostic device J J J J
[ Vehicle

« Send diagnosis queries to both the vehicle DT and
single service DTs

[HKM+23] M. Heithoff, M. Konersmann, J. Michael, B. Rumpe, F. Steinfurth: Challenges of Integrating Model-Based Digital Twins for Vehicle Diagnosis. In: ModDiT Workshop at MODELS 2023
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Kinds of Integration

Working with separate DT systems Creating a new DT
1a) Share i 1b) Coordination 2a) Use i 2b) Composition
R | _ > i | DT | DT2E DT3
pT1&d| [ oT2iz| | [ D4 DT2 DT3 f¢ = — 1DT2 | ! == W =
= = Ts[om | |omeEcES DT1;= {iniDT2
Legend °
DT Building Blocks More Com_pl_ex . . oo
"Services | | Models | — when splitting it up in concrete building blocks &
" Data | |Gateways| — within different types of one building block
I
Software Ongoing discussions, e.g., with B.
Physical Combemale, J. Kienzle, G. Mussbacher
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Evolving Digital Twins and CPS

» Purpose-driven engineering of DTs

— need different services in different life-cycle phases

— want to answer different questions

« CPS is adapted
— manufacturer adapts the system

— autonomous self-adaptation

— user wishes to adapt the
system behavior

— external requlations make
adaption necessary

Challenges

— Services of a Digital Twin are
intensively connected to the CPS

— Development cycles/methods
for CPS and IT differ radically

Life-cycle of the actual object: Engineered Object

Operation

Construction

)l

DTs of production machines

DTs of products

iDigitaI Twin of a production machine, or product line !

=N E=r

Digital Twin Engineering

Continuous DevOps Cycles
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Research on Digital Twin Engineering Embedded in International Networks

EDT.community

ANR/DEG https://edt.community/ el
Model-Based DevOps for Digital Twins Project " . ) ik lipectilanal Cantersrice il
— mwmcer NY Université S5 unversityof Stattean # S EDT seminar series Engineering Digital Twins
SE= M 2 derennes 11 o gt /’ N et
/ N
i ; . ; / \ EDTconf
_Dlgltal Twins for socio-technical systems / \\ http-//www.edtconf.org
= o Wy Seo e, D
= - Uniuetsi!yl j ‘;’.’J \I"‘,‘
Digital Twins for G autotech. f
vehicle diagnosis agil \
RWTH Profile Area ProdE \
ManuTech-X D \ /
P K \:\ i/;’ The home of
AN Mt EE
International Dataspaces N A MDEnet
https://mde-network.com/
Digital Product Passport
IDTA International Working-Seminars
International Digital Twin Association Dagstuhl, Bellairs, Cargese, Winter Wt il e
Asset Administration Shell Modeling Meeting, NIl Shanon SIEMENS &= o0&«
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International Conference on Engineering Digital Twins (EDTconf) estabiished 2024

1st Edition
23.-24. September 2024
JKU Linz, Austria

282 EpTconf

-

1st International Conference on

Engineering Digital Twins

Nicolaus Hanowski
European Space Agency
ESA Digital Twin Earth

Katia Gatti
Siemens Digital Industries Software
Digital Twins: First Strides Into
the Industrial Metaverse
Next Edition: October 2025
Ann Arbor, Michigan, USA

e Co-located with
SIEMENS &= o0& IEEE/ACM conference MODELS 2025

Contributions:

tool demonstration paper

Digital Twin Roadshow

solutions

SoSyM Journal Special Section

Q for extended EDTconf 2024
' papers

General and PC Co-Chairs 2025
Romina Eramo, Manuel Wimmer, Steffen Zschaler

0F2

General and PC Co-Chair 2024
Chair of the Steering Committee
==mmm  Judith Michael

24 full, short, exemplar and

Showing-off amazing digital twin

www.edtconf.org
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SUMMARY...

what should you take with you

* Engineering methods to create DTs are still under research

* Model-based approaches support complexity reduction, reuse, evolvement,...

* There is a lot to do...
together?

B michael@se-rwth.de
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