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Merging FMI & MBSE

FMI/FMU 2.0 + xtUML = Co-simulation demonstrator

FMI — Functional Mock-up Interface (Interface-standard for a simulated entity)
FMU — Functional Mock-up Unit (A simulated entity)

xtUML — Executable UML (Formalized MBSE methodology)

MBSE — Model Based Systems Engineering




Merging FMI & MBSE

Co-simulation demonstrator

» Uses System Monitoring (e.g. cockpit temp) as demo simulation
 Modeled in xtUML

* Provides FMI 2.0 interface for integration in a simulation infrastructure

Done as part of the OpenCPS project
 European ITEA3 research project
 Interoperability between Modelica — UML — FMI/FMU




The Design - Domain model
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Domain

A distinct subject matter with its own
vocabulary, rules, constraints and behavior.

A concern in its own rights.
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The Design - Bridges
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Bridges

A duplex translator between 2 domains.
(Translates vocabulary, rules, concepts, etc.)

A duplex device driver adhering to the
Dependency inversion principle*.

* Check Wikipedia
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Bridges
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The FMU — Monitoring Bridge

Bridge translations from FMU

Events
« doStep -> checkSignals heckSignal

doStep C
| | @ %3
Bridge translations to FMU I — =]
£l N O—(&

Eve n tS +Hmu N QJ +Monitoring
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The FMU-FMI Bridge
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The FMU-FMI Bridge

Functions Operations =N S
Variables  Attributes +Configuraton @)
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_ Domains (1]
Most complex bridge. Er—
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The Design - The FMU domain
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The FMU domain
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e FMU domain
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The FMU class’ life CyC|e (state machine)

Reset &
Terminate

Simulation
execution

24, Resetting

entry/
i

/] Reset the entire Fmu and its experi.

1. CREATING
entry/
Jf Create the FMU.

Jf Because of the design of the Fmi2 2.0
the Fmu instance, and other fundam:

e,

Fmu22: Created

15. CONFIGLRING.
entry/
"

select one experiment related by self-
generate Experiment2:Reset to exper.
generate Fmu 15:Reset to self;

Fmuis: Reset

entry/
J Terminate Fmu simulation

Fimu16: Reset

Jf Request Fmu configuration data fro...

{1 Again, owing to the process orienta...
ambiguous partitioning, we place th...

Fmu27:
Configured

25. Configured
entr

JITell the experiment that itis confiou.
select one experiment related by sel
generate Experiment:Configured to

Jf Fmu is ready to start executing the ...
generate Fnu30:Ready to self;

J

Fmu30: Ready

6. WAITING_NEXT_STEP

Fmu20: FatalFail...

Configuration
of FMU

entry/

Frutd:
RolledBack.

1 Wit for next step

Fmu13:
RolBack

(13, Ralinggack |

entryf

20. StepFaled \

entry
|/ stepFaied
// Return fmi status fmi2D...
FruProvi:stepFinished(fC.

StepFinished

Fmu7: DoStep(fCurrentTime,
fimeStep, MoSetFmustate)

Fru17:
StepFailed

8. CALCULATING STEP
entry/

|/ Note -Not used in the version ...
|/ param. flosetFmustate

|/ Updatte experiment with new st.

Fmus: StepCalculated

Fmul:
StepFinis|

21. FinishingStep
entry

I/ Retrieve outut from the si
select one storage related b
torage. RetrieveQutputPar. ..

Fmus: StepCalculated

Fatal fail

Fru20:
FataFail

17 FATAL
entry/

1/ Fatal fais. Everything dies.

|/ Report back to the fimi2-APT sid.

Fnurov: fataiFai();

J/ Clear the Configuraton domain
FuCfoReq::clearDomain{;




Experiences & future possibilities
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Experiences

 The FMU-model successfully generated & compiled into a DLL
exposing an FMI 2.0 interface.

o Successfully simulated the System Monitoring-FMU using
Dymola and OMSimulator.

l.e. It works!
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Experiences

« Significant parts of the xtUML-FMU is reusable.

o i
Principallyl - I g
re u S ab I e I +Configuration [] O
I 11 : T
L] . .
[ Simulation
I specific
muCfg_]
Reusable e l
K3
E {I Morl| aring_IF E
+5imulation Master F M I C_AP I € +Fmi realized by Fmi.h [_| } [] +Monitoring

ver 2.0
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Experiences

 FMIis Process oriented — xtUML System oriented (i.e. MBSE)

* In/out parameters are isolated signals

General systems theory*:

System: An organized entity made up of interrelated
and interdependent parts.

Monitored signal Signal limit

*E.g. Ludwig von Bertalanffy
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Experiences

FMI only supports Parameter driven simulations - not Event driven.

Why events?
- Reactive systems

- Concurrent systems

Cockpit | Signal sample

FMU

1 sample / step

Antony Hoare, Communicating Sequential Processes
Leslie Lamport, Coherence in Distributed Systems
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> Monitoring

FMU

Alert event

Ordered
receiver

n Events / step
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Experiences

Two different beasts

Parameter Event

* Has a type. * Has a signature.

» Has a value. « Has a source.

* Not always well-defined (in a simulation context). ¢ Has a destination.
« Simple life cycle (Create — Assign — Delete). » May have payload.

« Time stamped / ordered.

 Is flank triggered.

» Is well defined once sent.

 Complex life cycle (Create — Send — Transmit —
Receive — Consume — (React upon) — Die).
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Experiences

The FMI standard has some issues with Separation of concerns*.

 Memory management of Text parameters differs from that of Integers, Reals and
Booleans

» Configuration information provided by both the FMI API and modelDescription.xml.

* The exact point to calculate initial output is ambiguous.
(Suggest adding fmi2CalclnitialValues() to the API)

e Some state charts in the 2.0 standard documentation need attention

* Check Wikipedia
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Conclusion

The FMI standard supports a generic, reusable, pluggable xtUML-model of
an FMU.

The FMU-model has been successfully simulated using Dymola &
OMSimuator.

The current FMI standard (2.0) would improve by a bit of MBSE treatment
(Simulation of Systems).
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Thank You.
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