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Excuse me Sir/Madam, which
Model?
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Excuse me Sir/Madam, which Model?
Background

e Models and MBSE at Saab

« Many different models used for
many different purposes

Establish Taxonomy
« Based on their purpose
« Avoid misunderstanding
« Simplify reuse

* Increase quality in model based
desitionmaking
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MBSE DOMAINS — GRIPEN EXAMPLE
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Modeling and Simulation Today at Saab

« Used to various degrees in a all life cycle stages

» Generic life cycle (ISO/IEC/IEEE 15288:2015)
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INCOSE. Systems Engineering Handbook: A Guide for System Life
Cycle Processes and Activities. Fourth Edition, Wiley




Modeling and Simulation Today at Saab

« Evaluation of sub-system architectures

. Utilization stage _
Development Production Retirement

stage stage stage
& & Support stage .

Concept stage




Modeling and Simulation Today at Saab

* Support hardware and software design

. Utilization stage _
Development Production Retirement
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Concept stage




Modeling and Simulation Today at Saab

Focus of Research

 Model-based software verification

* Model-based decision support (flight test planning,

operation and maintenance)
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Model Tenses*

Design model

‘A \ « Captures a system element from a particular

Definition Design Realisation perspective, i.e. interfaces and key properties
Future Turning future Present * Multiple Desigh models may be required to
tense to present tense adequately represent the intent in a Definition

model

o  Multiple languages, e.g. Simulink,

Definition model Mod(';ica, CgFDg J

 How the system will be structured in the Ion%’;
time perspective, i.e. the system architecture that
will eventually be realised.
* Provides a rather non-detailed view of a future
system * Multiple virtual Realisations with different
fidelities and perspectives may be created

Realisation model (physical/virtual)

 Realisation interconnection models are

*Herzog E, Axehill JW and Nordling Larsson A 2022, ‘Perspectives on Models’, required for composite Realisations

In proceedings of the INCOSE workshop EMEA WSEC, Sevilla, Spain.




Model Tenses

Multiple virtual Realisations
with multiple perspectives,

m fidelities and credibilities
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Model Tenses

B

Realise
tior

Concept and development phase

Digital twin
Realisa prototype
A

Digital twin
prototype

Digital twin
prototype

*Grieves M and Vickers J 2017. Digital Twin: Mitigating Unpredictable, Undesirable Emergent Behavior in Complex
Systems. In: Kahlen, J., Flumerfelt, S., Alves, A. (eds) Transdisciplinary Perspectives on Complex Systems. Springer
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Model Tenses
Model types e

Savter

Abstract
Today, vetualy sl heterogenecus systems are devoloped with the help of advanced modeling application:
» by & muttude time, complex systems ace develope:

* Focus of this presentation: 7and 9) Executable
Realization Models

« Other artifacts described in*: 1) Architecture, S

For example, Model Based Systems Engineering (MBSE) has fox the last decades been heraided &

2) Analysis Architecture, 3) Interface, 4) e e

memwwmam in Andersson et al. 2], Her {
Lind and Andarsson (4] G iderafied uure objectve i 1o embed conkguration rdomaton i B
models themsetves. languages and associated development environments need i
mplecnant compretiontive Confuration manegemend Suppor

Analysis models

Anthe example i the emergence of various sidaton plaions, akowing o simation o gk
aspects of a system. Many mulation platforms. each with its own purpose and strengths. are typicall

utissed within a complex project. For the e task & thon
ensure Mat the cormect configuration of the right models & executed tmely in the right simuiatior

{ Definition i Realisation

*Hallgvist, Naeser, Axehill, and Herzog,

Architect 9 Executable HETEROGENEOUS SYSTEMS MODELLING
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System Architecture Interface model Realisation o | OF INCREMENTAL DEVELOPMENT,
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o .
System Architecture Analysis

Executable Realisation Model h

4

System elements Architecture Analysis
model models

Executable
Realisation
model

« A digital artifact that an experiment can be applied to
In order to answer guestions about a corresponding
physical logical artifact (realised or not).

« Example: A control system simulation model, used in

a system simulator during development of a specific
product configuration.




System

Digital Twin/Shadow Prototype

System elements

« A Digital Shadow/Twin Prototype is Analysis or Realization
Model decided to be used as a Digital Twin/Shadow at a later stage.




esign ] Realisa ‘Y
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T i System Architecture Interface model Realisation
Digital Shadow i

i ; Executable
System elements Architecture Analysis

« A Digital Shadow is an Executable Realisation Model where
relevant information from the physical space is incorporated
automatically. A Digital Shadow is passive in the sense that it does
not automatically influence the actual system it represents.

« Example: A model processing aircraft maintenance information,
received automatically from the aircraft during or after flight.

Executable Realization Model

[ Design I Realisation ]




3 :
System Architecture RIEINES

Digital Twin

Executable
Realisation
model

Architecture Analysis

System elements — models

« A Digital Twin is an Executable Realisation Model where any
relevant bi-directional flow of information between the virtual and

physical spaces is exchanged automatically. In this sense, the Digital
Twin is active.

« Example: A model used during test of equipment, where software
parameters in the equipment are changed automatically based on the
information analysed automatically during or after the test.

Executable Realization Model

[ Design I Realisation ]




Digital Twins and Shadows

Use categories Active

On-demand

« A model associated with a physical
product individual in a shorter or longer
time interval. Such associations add
insights into the model’s credibility and
may be used for future model

development.

On-demand use Proactive use

Proactive

« A model that associated with a physical
product individual over its lifecycle.

16
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Digital Twins and Shadows

Use categories Active

On-demand use results in:

Discrete Digital Twins and Shadows

 Maintained and used when there is an _Di_screte_
explicit need for a Digital Twin or digital twin
Shadow.

On-demand use Proactive use

Discrete
digital
shadow

17

Passive



Digital Twins and Shadows

Use categories Active

On-demand use results in:

Discrete Digital Twins and Shadows Discrete digital twin

 Maintained and used when there is an
explicit need for a Digital Twin or
Shadow.

On-demand use Proactive use

Discrete digital shadow
Product

18

Passive



Digital Twins and Shadows

Use categories Active

On-demand use results in:

Discrete Digital Twins and Shadows

* Maintained and used when there is an Discrete Continuous
digital twin digital twin

explicit need for a Digital Twin or
Shadow.

On-demand use Proactive use

Proactive use results in: Discrete Continuous

Continuous Digital Twins and Shadows digital digital

« maintained and used as a Digital Shadow shadow shadow
continuously and pro-actively alongside i
physical counterpart.

19

Passive



Digital Twins and Shadows

Use categories Active

Continuous digital twin

Product

On-demand use Proactive use

Continuous digital shadow
Product

Proactive use results in:

Continuous Digital Twins and Shadows

« maintained and used as a Digital Shadow
continuously and pro-actively alongside i
physical counterpart.

20

Passive



Example:
Continuous Digital Twin/Shadow

model

« Automatically executed (Jenkins

pipeline) once new measurements are
made available on file system.

e OMSimulator

* Represents multiple different
configurations

 Used for hardware model validation
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Conclusions

* Taxonomy M&S Results Credibility
. Covgrlng Definition, Design and has s —
Realization Development Operations Evidence
« Extension of Digital Twin and Shadow put Pedigree
« An extension of the previously published unceriainty §f  Managment
model framework ) g Resuls _ People
obustness Qualifications

« Agreement on nomenclature simplifies

: i NASA 2009. Standard for Models and Simulations:
discussions related Credibility Assessment Scale, NASA-STD-7009,
. T NASA Technical Standard System, published online:
* to model properties, such as credibility https://standards.nasa.gov/standard/NASA/NASA-STD-7009,

I d 2023-11-27
and related sub-categories accesse

22



https://standards.nasa.gov/standard/NASA/NASA-STD-7009
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