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What is “Model-based Systems Engineering”?!

A good model for the model-based approach is this:

• Makes you faster
• Needs some skills to ride it
• You might need a trainer
• You might have to follow specific 

routes
• There are several different 

variants of it
• The more often you use it, the 

faster you’ll get
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What we mean when we say „model“
� The base for our 

approach is SysML

� The model shall be 
used throughout the 
whole process

� The modeling tool 
has to be integrated 
with existing tools

• “System Modeling Language”

• Standardized for the description of HW and SW 
systems

• Requirements design
• System design

• Development

• Test

• System Design

• Validation and Verification
• DOORS for requirements management

• Matlab/Simulink for physical component behavior

• Testbench (e.g. ADS2)
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Situation in today’s system development

� Project Constraints
• Highly complex system functions
• Distributed HW/SW systems
• Shortened time-to-market
• Reduced development budget
• High quality requirements

� Development Process
• System specification and design at start of project
• Multiple concurrent component developments
• System realization = integration of component realizations
• Effort for system integration highly dependent on complexity

� System Integration & Test
• Usually not initiated before components are available
• Integration on critical path of project

1. Satellite telemetry system (STS)

1.1 MS
(Monitoring 
subsystem)

1.1.1 MS1

1.1.2 MS2

1.1.3 MS3

1.1.4 MS4

1.2 CS
(Comms
subsystem)

1.2.1 CS1

1.2.2 CS2

1.2.3 CS3

1.3 SS3
.…

1.3.1 SS31

1.3.2 SS32

1.4 SS4
.…

1.4.1 SS41

1.4.2 SS42

1.4.3 SS43

1.4.4 SS44
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Goal of introducing a new methodology
� Get better

- Improve the quality of specifications to be „well-defined“ and „complete“

- Eliminate inconsistencies

� Speed things up
- Allow parallel development

- Avoid modification effort

- Prepare tests during the development phase
- Avoid unnecessary efforts by integrating tools in a tool chain

� Reduce costs
- Avoid expensive re-development
- Avoid extensive change management

� The Project has to stay within cost and time frame
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Expectations vary with the customer

• “I want to simulate and optimize my systems”
• “I like to generate consistent documentation”
• “I have to trace requirements for impact analysis”
• “I don’t like to write documentation”
• “I like to test my tests before going on the test bench”
• “I want my whole team to work on one model”

Everybody has different expectations, depending on his personal view:
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What today’s users do with models

Source: GfSE Questionnaire, SysML forum 2008
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Different approaches according to expectations

1. Use a modelling tool for visual system design
2. Generate documentation from the model
3. Combine the model with the requirements for traceability
4. Make the model executable, integrate existing models (e.g. 

Matlab/Simulink)
5. Enable the model to be used for optimizations
6. Re-use the model for integration testing on a test bench

Depending on the expectations the solution has to be found:
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Introduction of modelling – steep hills ahead

• Expect difficulties going up the hill, sometimes it will take longer than 
“walking by foot”

• …and maybe sometimes you go by foot and push your bicycle
• BUT: in the end you will gain speed and be faster!



11

Important topics:
� Specify your goal

• Use the list of possible steps to define your usage of models
• Define a methodology

• Define the target architecture of your model

� Don‘t expect too much too soon
• Don’t expect your people to be experts after one training

• Thinking in models has to be learned

• Some people might like to work “the old way”
� Do not take too many steps at a time

• Do not go for full usage (incl. simulation and test bench) in the first project

• Esp. for executable models you have to build up expertise
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Use the model to convince people
� The model is not 

“something extra”

� Use the model to 
support different 
stakeholders

� Use the model to 
enforces consistency

• Use it as basis for daily work

• Discuss problems using the model

• Integrate as much information as possible

• Provide document reports for reviews

• Provide diagrams for “developer-like” description 
of architecture and behavior

• Provide system overview for V&V

• Information is structured 

• Information from different phases of the V-model 
is tightly linked and integrated

• The aggregation of information makes conflicts 
visible
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The Toolchain – equipping your bike

• Priorize your needs
• Attach only the tools you are able to handle
• Do not over-equip, you will become slow
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Model-based Engineering – The Big Picture

RQ DatabaseRQ Database

Requirements

Modeling
Tool

Testbench

Design
Description

Simulation
Results

Component
Descriptions

(Characteristics)

System
Description

Test
Results

Test 
Cases
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The Toolchain – adding Features

� Documentation
• Requirements shall be fully traceable down to the component design
• Needed for assessments
• Different documentation for different stakeholders

� Simulation
• Build up the system in a simulation environment to reduce HW costs
• Verify the simulation components by comparision with “real-world”

elements
� Optimization

• To build more effective systems simulation shall be used for evaluation
• Automatic variation of system parameters 

� System Integration & Test
• Early integration of components tested against simulated environment
• Simulation on test bench has to fulfil real-time requirements
• Integration on critical path of project
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Model-based V-Model – Complete Toolchain

Common
Test Cases

Common
Test Cases

3 Monitor all real 
components with models

Emulate missing real 
components with models2

Simulate with virtual 
components (models)1

Requirements Validation

Model

Env
Model

Model Model

System Verification

Compo
nent

Compo
nent

Model Model Model

Compo
nent

Env
Model

Early Integration

Model

Env
Model

ModelCompo
nent
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Case-Study: Fuel Cell-System at AIRBUS

Source: http://www.dlr.de/en/Portaldata/1/Resources/portal_news/newsarchiv2008_3/attra_flaschen.jpg
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Usage of Fuel Cells in Aircrafts
Fuel cells:
• Generate electricity by cold combustion of H2 and O2
• Produce only water

They shall in the future:
• Replace the APU
• Produce electricity for ground manoeuvres
• Provide water the aircraft’s water and waste system

And therefore:
• Save weight
• Reduces fuel consumption 
• Reduce emissions.

Source: http://www.airbus.com/en/corporate/ethics/environment/eco-efficiency/fuel_cells.html
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The Tasks for Models
� Model based development of architecture

- Evaluate different possible solutions

- Model variants of the possible solutions

� Optimize system parameters
- Perform functional breakdown and analysis

- Modeling of system architecture

- Perform behavior simulation

� Provide documentation
- Generation of complete documentation for architectural description and 

functional breakdown

- Used for TRL reviews

� Drive tests
- Re-use simulation for driving a TechSAT ADS-2
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The Implemented Tool Chain
DOORS Rhapsody + AddOns ADS2-Testbench

Requirements

Provide_WIP_ACT

Provide_Water_ACT

Provide_Power_ACT

Provide_InertGas_ACT

Water

[potable]

Power

[conditioned]

InertGas

[dry]Generate_PowerAndHumidInertGas_ACT

Air:FlowType

Power

[unconditioned]

InertGas

[humid]

AirIn

InertGasOut

PowerOut

WaterOut

Analysis

_MultiFunctionalFuelCellSystem_PKG_Elements::MultiFunctionalFuelCellSystem
«block»

itsAirSupplySubsystem1

AirOut

CabinAirIn

itsFuelCellArray1

PowerOut

ExhaustOut

AirIn

H2In

itsThermalManagementSubsystem1

CoolantOut:FlowTypeCoolantIn:FlowType

AirOut

H2Out

AirIn

H2In

itsWaterGenerationSubsystem1

InertGasOut

WaterOut

ExhaustIn

itsFuelCellPowerManagementSubsystem1

VoltageOut:VoltVoltageIn:Volt

itsHydrogenSupplySubsystem1

H2OverpressureOut

H2Out2

H2Out1
InertGasOut

WaterOut

AirIn

VoltageOut

ConductanceI

Pressure
«Constraint»

WaterTemperature
«Constraint»

InertGasTemperature
«Constraint»

Behaviour / 
Simulation

Matlab

C-Code

EXCEL

Calibration Results

System-under-Test

WORD

Model reports:
• functional description
• architectural description

Subversion
Configuration management of all file based content
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The Implemented Tool Chain
� DOORS

- Requirements management

� Rhapsody
- Perform functional breakdown and analysis
- Modeling of system architecture

- Perform behavior simulation

� Matlab/Simulink
- Modeling of mathematical/physical Component-Models

� Subversion
- Configuration management

� EXCEL
- Parameterizing of the models
- Perform Post-Processing of simulation results
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Summary

� SysML is suitable for system development
- Can be understood by „non-software guys“

- Allows definition of hardware and software elements

� Rhapsody was introduced successfully
- Can adapted to specific needs by add-ons
- Offers interfaces to connect to DOORS and Matlab/Simulink

� Results are usable for reviews
- External assessors acknowledged the quality of the information
- Generated documents can be adapted to company standards

� Tool chain works as expected
- Interconnection of models and requirements
- Integration of Matlab/Simulink

- Introduction of Configuration management
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Famous last words…
Get a bicycle. You will not regret it, if you live. 
Mark Twain, Taming the Bicycle

Please visit us at 
booth E152 !


