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Excuse me Sir/Madam, which Model?
Background

• 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
Background
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Model Integration and System Simulation

Usage Needs Achitecture

Control Information Man-Machine

Interaction

Structure
Physical 

systems

Electronics

Optronics

Models of 
information, objects, 
needs, services

Models of 

physical objects

DOORS
SysML

Simulink

Simulink
Catia & Co

Modelica

VAPS/RAPSxtUML

Many different languages and 

domains

• Need for interface standards

Multiple interrelated models

• Need for configuration 

mechanisms throughout all 

lifecycle phases
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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)

INCOSE. Systems Engineering Handbook: A Guide for System Life 

Cycle Processes and Activities. Fourth Edition, Wiley
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Modeling and Simulation Today at Saab

• Evaluation of sub-system architectures

5
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Modeling and Simulation Today at Saab

• Support hardware and software design
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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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Design model

• Captures a system element from a particular 
perspective, i.e. interfaces and key properties

• Multiple Design models may be required to 
adequately represent the intent in a Definition 
model

• Multiple languages, e.g. Simulink, 
Modelica, CFD

Realisation model (physical/virtual)

• Multiple virtual Realisations with different 
fidelities and perspectives may be created

• Realisation interconnection models are 
required for composite Realisations

Definition model

• How the system will be structured in the long-
time perspective, i.e. the system architecture that 
will eventually be realised. 

• Provides a rather non-detailed view of a future 
system

Definition Design Realisation

Future 

tense

Turning future 

to present

Present 

tense

Model Tenses*

*Herzog E, Axehill JW and Nordling Larsson Å 2022, ‘Perspectives on Models’, 

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



COMPANY RESTRICTED | NOT EXPORT CONTROLLED | NOT CLASSIFIED

Your Name | Document Identification | Issue  1

9

Definition Design
Realisa

tion

Definition Design Realisation

Definition Design
Realis

ation
Realis

ation

Realis

ation

Realis

ation

Iterative feedback from 

virtual and physical 

Realisations to shape the 

Definition and Design models

Multiple virtual Realisations
with multiple perspectives, 
fidelities and credibilities

Model Tenses
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Design
RealisationDesign

Design Realisa

tion
Design

Design Realisa

tion
Design

Definition Design
Realisa

tion

Definition Design Realisation

Definition Design
Realisa

tion

Realisa

tionRealisa

tion

Realisa

tion
Realisa

tion

Realisa

tionRealisa

tion Realisa

tion

Realisa

tion

Realisa

tion

Operations phase

Digital twin 

prototype

Digital twin 

prototype

Digital twin 

prototype

Digital 

twin/

shadow

Digital 

twin/

shadow

Digital 

twin/

shadow

Concept and development phase

Model Tenses

*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

• Focus of this presentation: 7and 9) Executable

Realization Models

• Other artifacts described in*: 1) Architecture, 

2) Analysis Architecture, 3) Interface, 4) 

Analysis models
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*Hällqvist, Naeser, Axehill, and Herzog, 

HETEROGENEOUS SYSTEMS MODELLING 

IN SUPPORT OF INCREMENTAL DEVELOPMENT, 

ICAS 2022, 
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Executable Realisation Model

• A digital artifact that an experiment can be applied to

in order to answer questions 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.

Design Realisation

Executable Realization ModelAnalysis Model
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Digital Twin/Shadow Prototype

Design Realisation

Executable Realization ModelAnalysis Model

Digital Twin/

Shadow Prototype 

• A Digital Shadow/Twin Prototype is Analysis or Realization

Model decided to be used as a Digital Twin/Shadow at a later stage.
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Digital Shadow

• 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.

Design Realisation

Executable Realization ModelAnalysis Model

Digital Shadow
Digital Twin/

Shadow Prototype 
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Digital Twin

• 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.

Design Realisation

Executable Realization ModelAnalysis Model

Digital Shadow

Digital Twin

Digital Twin/

Shadow Prototype 
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Digital Twins and Shadows
Use categories

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.

Proactive

• A model that associated with a physical 

product individual over its lifecycle. 
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Digital Twins and Shadows
Use categories
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Discrete Continuous

T
w

in
S

h
a

d
o
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On-demand use Proactive use

Passive

Active

Discrete 
digital twin

On-demand use results in:

Discrete Digital Twins and Shadows

• Maintained and used when there is an

explicit need for a Digital Twin or

Shadow.

Discrete 
digital 

shadow
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Digital Twins and Shadows
Use categories
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Discrete Continuous
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On-demand use results in:

Discrete Digital Twins and Shadows

• Maintained and used when there is an

explicit need for a Digital Twin or

Shadow.
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Digital Twins and Shadows
Use categories
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Discrete Continuous
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On-demand use Proactive use

Passive

Active

Discrete 
digital twin

On-demand use results in:

Discrete Digital Twins and Shadows

• Maintained and used when there is an

explicit need for a Digital Twin or

Shadow.

Discrete 
digital 

shadow

Continuous 
digital twin

Continuous 
digital 

shadow

Proactive use results in:

Continuous Digital Twins and Shadows

• maintained and used as a Digital Shadow

continuously and pro-actively alongside its

physical counterpart.
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Digital Twins and Shadows
Use categories
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Discrete Continuous
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On-demand use Proactive use

Passive

Active

Continuous 
digital twin

Continuous 
digital 

shadow

Proactive use results in:

Continuous Digital Twins and Shadows

• maintained and used as a Digital Shadow

continuously and pro-actively alongside its

physical counterpart.
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Example: 
Continuous Digital Twin/Shadow 
• Automatically executed (Jenkins 

pipeline) once new measurements are

made available on file system.

• OMSimulator

• Represents multiple different 

configurations

• Used for hardware model validation

21

Digital 

twin/

shadow
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Conclusions

• Taxonomy

• Covering Definition, Design and 

Realization

• Extension of Digital Twin and Shadow

terminology

• An extension of the previously published 

model framework 

• Agreement on nomenclature simplifies

discussions related

• to model properties, such as credibility

and related sub-categories
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NASA 2009. Standard for Models and Simulations: 
Credibility Assessment Scale, NASA-STD-7009, 
NASA Technical Standard System, published online: 
https://standards.nasa.gov/standard/NASA/NASA-STD-7009, 
accessed 2023-11-27

https://standards.nasa.gov/standard/NASA/NASA-STD-7009
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Thank You!
Questions?

23



COMPANY RESTRICTED | NOT EXPORT CONTROLLED | NOT CLASSIFIED

Your Name | Document Identification | Issue  1

References

Axehill JW and Herzog E 2022, ‘Don't Mix the Tenses: Managing the Present and the Future in an MBSE Context’, In proceedings of the 32nd INCOSE Internal Symposium, Detroit, USA.

Boehm B (1986), ‘A Spiral Model of Software Development and Enhancement’, ACM SIGSOFT Software Engineering Notes. 11 (4), 1986

Bondani G and Bacchiega G 2019, ‘Creating an Embedded Digital Twin: monitor, understand and predict Device Health Failure’, In proceedings of Inn4Mech-Mechatronics and Industry 4.0 Conference, Ingegneria Ricerca Sistemi, Nov. 26, 2019

Dahmen U and Rossmann J 2018. ‘Experimentable Digital Twins for a Modeling and Simulation-based Engineering Approach’, In proceedings of IEEE International Systems Engineering Symposium (ISSE), Rome, Italy, 2018, pp. 1-8, doi: 
10.1109/SysEng.2018.8544383

Forsberg K and Mooz H 1991, ‘The Relationship of System Engineering to the Project Cycle’, In proceedings of the 1st NCOSE International Symposium, 1: 57-65 https://doi.org/10.1002/j.2334-5837.1991.tb01484.x

Fritzson P 2004. Principles of Object Oriented Modeling and Simulation with Modelica 2.1. Wiley-IEEE Press.

GM-VV Product Development Group. 2013. Reference for Generic Methodology for Verification and Validation to Support Acceptance of Models, Simulations, and Data. 3rd edition. Simulation Interoperability Standards.

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

Herzog E, Axehill JW and Nordling Larsson Å 2023, ‘Boxing Configuration Management – Configuration Change Management Meets the 4-Box Development Model’, In proceedings of the 33rd INCOSE Internal Symposium, Honolulu, USA.

Herzog E, Forsgren Goman A, Sundin O. and Nordling Larsson Å 2022, ‘A 4-Box Development Model for Complex Systems Engineering’, In proceedings of the 32nd INCOSE Internal Symposium, Detroit, USA.

Herzog E, Axehill JW and Nordling Larsson Å 2022, ‘Perspectives on Models’, In proceedings of the INCOSE workshop EMEA WSEC, Sevilla, Spain.

Hällqvist R, Naeser J, Axehill JW and Herzog E 2022, ‘Heterogeneous Systems Modelling in Support of Incremental Development’, In proceedings of the 33rd ICAS congress, Stockholm, Sweden.

ISO/IEC/IEEE 15288. 2023. Systems and Software Engineering – System Life Cycle Processes. The International Organisation for Standardisation, The International Electrotechnical Commission and The Institute of Electrical and Electronics Engineers.

Ljung L and Glad T 1991. Modellbygge och Simulering. Studentlitteratur, Lund.

Negri E, Fumagalli L, Macchi M 2017. A review of the role of the Digital Twin in CPS-based production systems. Proceedia Manufacturing, Vol. 11, p 939-948, https://doi.org/10.1016/j.promfg.2017.07.198.

Saam C B 2019. Computer Simulation Validation: Fundamental Concepts, Methodological Frameworks, and Philosophical Perspectives. Springer.

Seal D 2018. The system engineering “v” – is it still relevant in the digital age?. In Global Product Data Interoperability Summit.

Technical Committee ISO/TC 184. 1998. ISO 14258:1998, Industrial automation systems - Concepts and rules for enterprise models. International Organization for Standardization.

NASA 2009. Standard for Models and Simulations: Credibility Assessment Scale, NASA-STD-7009, NASA Technical Standard System, published online: https://standards.nasa.gov/standard/NASA/NASA-STD-7009, accessed 2023-11-27

24

https://doi.org/10.1002/j.2334-5837.1991.tb01484.x
https://standards.nasa.gov/standard/NASA/NASA-STD-7009

	Default Section
	Bild 1
	Bild 2: Excuse me Sir/Madam, which Model? Background
	Bild 3: MBSE DOMAINS – GRIPEN EXAMPLE Background
	Bild 4: Modeling and Simulation Today at Saab 
	Bild 5: Modeling and Simulation Today at Saab 
	Bild 6: Modeling and Simulation Today at Saab 
	Bild 7: Modeling and Simulation Today at Saab Focus of Research
	Bild 8: Model Tenses*
	Bild 9: Model Tenses 
	Bild 10: Model Tenses 
	Bild 11: Model Tenses Model types
	Bild 12: Executable Realisation Model
	Bild 13: Digital Twin/Shadow Prototype
	Bild 14: Digital Shadow
	Bild 15: Digital Twin
	Bild 16: Digital Twins and Shadows Use categories
	Bild 17: Digital Twins and Shadows Use categories
	Bild 18: Digital Twins and Shadows Use categories
	Bild 19: Digital Twins and Shadows Use categories
	Bild 20: Digital Twins and Shadows Use categories
	Bild 21: Example:  Continuous Digital Twin/Shadow 
	Bild 22: Conclusions
	Bild 23
	Bild 24: References


