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eFMI® tutorial — Agenda

Tutorial leader:
Christoff Blrger
Part 1: eFMI® motivation and overview (40 min) P,

)
?S DASSAULT
2D SUSTEMES

Part 2: Running use-case introduction (10 min)

Part 3: Hands-on in Dymola and Software Production Engineering (25 min) Presenter:

Daeoh Kang
—iVH

Institute of Vehicle Engineering

Coffee break (30 min)

Part 3: Hands-on in Dymola and Software Production Engineering (30 min)

Part 4. Advanced demonstrators (20 min)

Part 5 (industry case-study): eFMI based thermal management system
(TMS) development for fuel cell electric vehicles (FCEV) (20 min)

Part 6: Outlook and conclusion (5 min)

e m' Functional Mock-up
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embedded systems
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This handout provides a step-by-step guide how to generate and
software-in-the-loop (SiL) test an eFMU in Dymola.

Tutorial requirements:
O Own computer with Windows 10 or 11, 64-Bit, x86

You —i.e., every tutorial participant — should have gotten a software bundle with:

This documentation (eFMI-Tutorial-Part-3.pdf in root directory)

Preinstalled Dymola 2026x Beta 1 (/Dymola)

Preinstalled Software Production Engineering prototype (included in Dymola)

Workdirectory where eFMUs will be generated and simulation artefacts stored (/work-directory)

Modelica models we actually want to develop; for your reference if something goes wrong (/reference-models)
eFMUs we actually want to build; for your reference if something goes wrong (/reference-eFMUs)

Portable Microsoft Visual C++ and Microsoft Windows SDK required by Dymola (/portable-MSVC)

Portable Java required by Software Production Engineering (/portable-Java)

O 000000 o0 o

Portable Cppcheck (/portable-Cppcheck) and Python (/portable-Python)
required for MISRA C:2023 compliance checks of production code

0 Licenses of provided software (/1icenses) efm B Functional Mock-u
o)
I Interface for

embedded systems
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DISCLAIMER

The Microsoft Visual C++ and Microsoft Windows SDK provided in the /portable-MSVC directory are subject to licensing of Microsoft.

The Java Development Kit (OpenJDK) provided in the /portable-Java directory is subject to licensing of the Free Software Foundation,
Inc.

The Python provided in the /portable-Python directory is subject to licensing of the Python Software Foundation.
The Cppcheck provided in the /portable-Cppcheck directory is subject to licensing of Cppcheck Solutions AB.
The Dymola and Software Production Engineering provided in the /Dymo1la directory are subject to licensing of Dassault Systéemes.

The Python libraries and/or scripts argparse, attrs, colorama, get-pip, iniconfig, Jinja, Ixml, MarkupSafe, packaging, pip, pluggy, Pygments,
pytest, ruff and efmpy are subject to their respective licensing.

BEFORE USING ANY OF ABOVE SOFTWARE, USERS MUST ACCEPT AND AGREE TO THEIR LICENSING
(all licenses can be found in the /11icenses directory).

THE DISTRIBUTED SOFTWARE IS PROVIDED ONLY FOR USAGE IN THE SCOPE OF THE eFMI® TUTORIAL
“eFMI®: A beginner’s overview and hands-on” OF THE “16t™ International Modelica Conference, 8-10 September 2025;
AND IT IS FOR PARTICIPANTS OF THE TUTORIAL ONLY.

e m' Functional Mock-up
I Interface for

embedded systems
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Before getting started, please auto-configure the provided Dymola distribution:

= Dymola X

ng Laboratory - [Diagram]

o No Dymola settings file exists at the location:

agle T Text

C:/eFMI-Tutorial-2025/Dymola/eFMI-tutorial-
configuration.dymx

Z LineStyle ¥ E° Align ~
2 Fill Style ~
o Bitmap 'y Arrange ™ E5 Annotation

3 “
& & [ i@

Create File‘ ‘Use Default‘ lExit Dymola

: Dymola

©  C compiler setup is insufficient and must be

X

completed before any simulation can be performed.

Would you like to complete the setup now?

AEICIEIL
Component Brow... & &

.. 4= = [FIIX

license will expire in 11 days on 2025-09-15

Do the following once:

1.
2.
3.

4.

Execute /Dymola/start-Dymola.bat
Create the Dymola settings file

Ignore the compiler settings warning

(just close the dialog)

Immediately close Dymola

From here on, always start Dymola via
/Dymola/start-Dymola.bat.

Feel free to rearrange tabs etc. as you please.
Settings are stored. They do not interfere with
any existing Dymola installation.

e m' Functional Mock-up
I Interface for

embedded systems
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embedded systems

Ok, lets get started!

e‘fm i Functional Mock-up

Interface for

embedded systems
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The user interface for eFMI support in Dymola is provided by means of a
Modelica library: DymolaEmbedded

Load DymolaEmbedded via the eFMI button in the Tools ribbon — Load Libraries... — OK:

N@ED®E 0 s Dymala - Dynamic Modeling Laboratory - [Diagram] 02— [m] X
File Graphics Documentation  Text Simulation Tools 2 Windows ~ [] ‘ElE”g
[ @ : == Status p
! <5 * [= sy = &l
Refresh
To Clipboard Image Animation HTML Graph Library License Options 3DEXPERIENCE  Update Publish Log Help Dymola About eFMI® Linear
- Management  Setup - b More ¥  Documents Website  Dymola - nalysis +
Libraries Bl & U .
e o x + -
Model name... = Iylila‘ nname
» D Dymola Commands I
N D Favorites = DymolaEmbedded menu.load libraries X
4 Modeli
D odelica load_libraries |
4 o Modelica Reference
Description

W Load all eFMI related Modelica libraries shipped with Dymola, i.e., the DymolaEmbedded,
eFMI, eFMI_TestCases and eFMI_TestCases_EmbeddedConfigurations libraries.

Info HCopy CaIIH Execute H Close ‘

LA ERKEE LS

Libraries ‘ Projects =~ Components Dymola license will expire in 10 days on 2025-09-15

| Libraries H Projects || Components | Files Diagram Filter Variable Browser Steady State Sweep Parameters Optimization Commands Logs = ﬂ E =

Other menu entries permit to
build or delete eFMUs for whole
package hierarchies and load
their co-simulation stubs (this
convenience use-cases will
become clear throughout the
tutorial).

e m' Functional Mock-up
I Interface for

embedded systems
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The following libraries are loaded:
D@EDEOD-

Graphics Documentation Text Simulation Tools

% Recent ~ ﬂ <>
ﬁ Back > =
f/ Forward 2
Libraries

DymolaEmbedded - DymolaEmbedded (Read-Only) - [Documentation]

Model name...

o m] X

2 Windows ~ E|E|E”E

2z X " Normal ~ B X, Av EE | = & Dbk ~
B " % (Default) >l ¥ 8= AE | = Ll
R lAut)) ~ | U = b
=]
p $I$|'=_|E‘ B DymolaEmbedded *

-

sfmi | eF M|

-

efmi| eFMI TestCases
E[ DymolaEmbedded

4 o User's guide (overview, requirements, limitatio...

4 @ Examples

4 EmbeddedConfiguration

4 @ BuildUtilities

» BuiltinFunctions

» SupportFunctions
» SupportModels

3 UnitTests

» @ lcons

@ eFMI_TestCases_EmbeddedConfigurations

Iv

| ‘ ‘ E'/ | 3 ‘ This software component is a part of Dymola and subject to the Dymola Legal Notices;
% | itsuseis regulated by the licensing terms and conditions of Dymola; it comprises the

Libraries Package Browser =~ Component Browser following parts: 1

Libraries || Package Browser H Component Browser | Files Diagram Filter Variable Browser ~Steady State » = ‘E|E ==

Support library for Dymola's eFMI® generation facilities.
Information

The DymolaEmbedded library provides documentation, common utility functions and

application examples for the eFMI® generation facilities of the Dymola Modelica® IDE.

A detailed documentation is given in the user's guide.

Important: Please note the library requirements.

Copyright

SUSTEMES

Copyright © 2016-2025, Dassault Systémes

p? DASSAULT

eFMI:
Support library to ease adaptation of existing Modelica
models for eFMI (mostly about MSL — eFMI table adapters)
* Public domain, © MA, MAP eFMI

etFMI TestCases:

« eFMlI application examples used for official cross-checks of
eFMI tooling; Modelica tooling agnostic

* Public domain, © MA, MAP eFMI

« Contains our running use-case, M04

DymolaEmbedded:

* Interface for Dymola’s eFMI facilities

* Provides means to configure eFMU generation & generate
various eFMI containers

eFMI TestCases EmbeddedConfigurations:

« eFMU generation configurations for eFMI TestCases

« Already contains a configuration for MO4 (we will develop
from scratch in the following)

efm;

Functional Mock-up
Interface for
embedded systems

© 2025 Modelica Association | www.modelica.org | CC BY-SA 4.0
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Create a new eFMU generation configuration for the M04 controller:

'D@@®600=

Graphics Documentation Text

BY Recent ~ {8 Icon
\,ﬁ Back

fl) Forward |100% '|

B Fit Window

Diagram

MyMO4eFMU - MyMO4eFMU - [Diagram]

Simulation Tools
Mude & X /S & £ ~EF ~ &
& Redo % OT &~ ~

@
B w ok R-2 #

L - O X
% Windows ~ [ [— @ [x
2 & 4 ¥
¢ 8 @ B
%l & B

Projects

Model name...

Unnamed

B | g

Libraries|

—| | B

‘ Projects ‘ Components

‘ Libraries H Projects H Components ‘ Files Diagram Filter Variable Browser Steady State Sweep Parameters »

o= B MyMO04eFMU
ilg| B My €l

+

Algorithm Code

configuration

integrator
configuration

configuration

prerequisite

Production & Binary
Codes

Software Production
Engineering
configurations

Dymd]a production
code configuration

for

eFMU bundle
configuration

Dymola license

will expire in 10 days on

2025-09-15

aSHEE

Create package extending EmbeddedConfiguration:
File — New — Package, Name: MyM04eFMU
2. New package visible in Package Browser & Projects
(not Libraries)
3. Double click MyM04eFMU; switch to Text ribbon
4., Add extends .DymolaEmbedded
.EmbeddedConfiguration;

5. Switch to Graphics ribbon

Dymola and Software Production Engineering eFMU
code generation can be configured from the diagram
layer of MyM0O4eFMU.; it is an eFMU generation
configuration.

Functional Mock-up
Interface for
embedded systems

efm;
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Create a new eFMU generation configuration for the M04 controller:

NXEDSEEOs MyMO4eFMU - MyMO4eFMU - [Diagram] Q00— ] X
Y - < Bi=lslx Configure Dymola’s GALEC code generation:
% Recent ~ 4 1. Double click model configuration
\‘.] o |= General ‘ Add modifiers = Attributes
N 2| componen | — model_name
Forward |10 omponen con . R .
Proiect B Name |model configuration | — Edlt (paC kage tree ICon)
froeds | —————— 1 & Select Model X -
Model name... Comment |>n. Must be configu e tions (5ub—packages).| | — SeleCt eFMI TestCases
| Search: = J | . . .
Unnamed || Search: | €2 % .M04 DrivetrainTorqueControl
Packages = o model -
" ds D Path DymolaEmbedded.Bui| ~ @ MO04_DrivetrainTorque... .Controllers.Controller
| extends Dy Comment Model configuration: ¢ , B PlantModels t to eFMU generation. — OK
Parameters A Controllers = — O K
Controllerinterface rete configuration is not yet H H H
S_ e expacted to ok Gty 2. Double click code configuration
Implefioreedack... the used toolings are required .
S . trings are suppc?sed to gcilve a — O be Scate . N one
not vet supported E Controller
yetsupp = fion is unsupported or what is |
» ’ TestSetups ans are skipped when generating — O K
, @ Tosts 2s (cf. 'build_all’). Explicit building . . . .
| emit respective warnings. | 3. Double click integrator configuration
[ ok | conce — sample_period: 5.0e-4
model name o % Modelica model for which to generate an eFMU. — SOIVe r_m eth Od . E Xp l i C i t E u l er
. — OK

e 2 []

libraries  Proje ot | et (v | m " Functional Mock-up
| Libraries ” Projects || Components | Files Diagram Filter Variable Browser Steady State Sweep Parameters » = HE= e I Inte ['fa ce for

embedded systems
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Create a new eFMU generation configuration for the M04 controller:

DA EHEEOD- MyM04eFMU - MyMO04eFMU - [Diagram] 2 - O X
Graphics Documentation Text Simulation Tools = Windows ~ E|E|EHE
B8 Recent ~ @ Icon B FitWindow Sunde 2« X / © L ~E~ & B = M ¥~

@ Back Diagram @ Redo % OT 2~~~ 9 ~ 2 @ B

fl) Forward |100% '| B wm o b &£~ # la &« B
Projects B =
Model name... o D |§|§|§| B MyMOdeFMU < w M

Unnamed

Algorithm Code

4 extends .DymolaEmbedded.E...
L % &
mode integrator code

configuration configuration configuration

prerequisite
for

Production & Binary
Codes

R eFMU bundle
33 configuration

Dymoia'jiiaa'hction Software Production

code configuration Engineering

configurations
R | = | 4« | » [ ® |
Libraries ‘ Projects ‘ Components Dymola license will expire/in 10 days on 2025-09-15
‘ Libraries H Projects H Components ‘ Files Diagram Filter Variable Browser Steady State Sweep Parameters » ‘-'“ﬂ E =

Software Production Engineering is already default
configured:

« 32-Bit and 64-Bit floating-point precision production
codes

« 32-Bit and 64-Bit x86 ISA binary codes
(self-contained static linked libraries)
= 2 Production Code & 4 Binary Code containers

e m' Functional Mock-up
I Interface for

embedded systems
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13



model:cq
»

Association

Investigate the eFMU generation configuration MymM04eFMU for the M04 controller:

i:h: QDZ;MOH o e e e :: 1 |f|;|§ All eFMU build activities are inherited from
B oot ~ W on | B revidos e XX S 0 2-r-n SBYw - ~ DymolaEmbedded.EmbeddedConfiguration:
@ Bacc 1M Diagram Pric @% OT &a~%- a~-E 2 & B « Available via the extends entry in the Package
® Foward [100% -] B o) k-~ # % & 0 Browser & Libraries / Projects view (depending if
Pojds___ o o R § oy < | . configuration is write protected or not)
5 MyMotsEU B : * Preconfigured with eFMU generation configuration
~[[8] extends DymolsEmbedde.. « Activities grouped according to eFMI container type:
] locked ,_ «  Algorithm Code: Generate GALEC code
;h‘_*;"-“’"“g”'a“"" % . % - Behavioral Model: Derive experiment packages to
| configuration confiuruion configuration configure test scenarios & tolerances; use experiment
BB browse code percauisic packages to generate respective Behavioral Models
Q check sFMU N e * Production Code_: Gene_rate & MISRA C:2023 check
+ [B) AlgorithmCode Codes % Software Production Engineering code
> |.V"] BehavioralModel e o « Binary Code: Generate Software Production
» B productioncode configuraion Engineering binaries & Modelica proxies for co-
’% Eym’ylc;’ Dy rocucton ”"E“?;'t“g‘ simulating such; export FMU
R | 2 | 4@« | | F |
Libraries ‘ Projects ‘ Components TR A A U5 efm " Function a| MOCk-Up
| Libraries | Projects | Components | Files Diagram Filter Variable Browser ~Steady State Sweep Parameters » SEBHEZ I Interface for
embedded systems

© 2025 Modelica Association | www.modelica.org | CC BY-SA 4.0 14
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Generate the eFMU configured in MyM04eFMU for the M0O4 controller:

DREDEOD- MyMO4eFMU - MyMO4eFMU - [Diagram] o O ¥
Graphics Documentation Text Simulation Tools

B8 Recent ~ 1 Icon 2= X /S O 4 ~FE -

@ Windows ~ [¥] |E|E”E

® FitWindow ™) Undo B B A W

¢ Back Diagram = MyM04eFMU build
P Foward |100%  ~ build | Tree data
3 integrator
Projects B code Description
Model name... & =p |7 ESE

Build complete eFMU.
The concrete configuration used can be interactively changed; by default the
g i : . . .
package's configuration is used. Interactive changes apply enly for this very
build, i.e., temporarily.

» B production_codes
» & binary_codes

' MyMO4eFMU
- extends .DymolaEmbed

4 Clocked Inputs

ii check_configuration

’i clean

update | true ¥ ‘ +  Configures, if the eFMU is updated or created anew.

Configures, if Software Production Engineering generated Produc

| false = ‘ 3 )
S for embedded code quality as well (MISRA etc).

check_code

—
| Bl browse_code I

Q check_eFMU

Configures, if a eFMU co-simulation stub for Software Production

i v | »
Ve ey Sl |£‘ containers is build and loaded as well.

Configures, if a FMU, implemented based on the eFMU's Binary C

import_ FMU | false ¥ " a5 well.
4 ProductionCode Oupt
» @ BinaryCode build_result Build success report cor
4 E] Dymola_C
| = [ €9 o 1+
Libraries ‘ Projects ‘ Components Dymola license will expirelin 10 days on 2025-09-15
| Libraries ” Projects || Components | Files Diagram Filter Variable Browser Steady State Sweep Parameters » .“ﬂ =

Build the eFMU with Algorithm Code, 2x Production
Code and 4x Binary Code containers:
1. Right click MyM04eFMU.build in the Package
Browser / Projects view
— Call Function...
— OK
2. You can check the build log in the Commands
window

Browse the generated eFMU:

1. Right click MyM04eFMU.browse code inthe
Package Browser / Projects view
— Call Function...
— OK

Functional Mock-up
Interface for
embedded systems

efm;
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Investigate the generated eFMU (MyM04eFMU/eFMU):

Contained containers:

< Algorithm Code with GALEC code
x86, 32-Bit floating-point precision Binary Code
© New (2 Details x64, 32-Bit floating-point precision Binary Code
B cocuments 8 Nome x86, 64-Bit floating-point precision Binary Code
ey B ACode Dymola x64, 64-Bit floating-point precision Binary Code
B Pictures __ I BCode SPE cb4a8a449b4ada864625ee5a43... 32-Bit floating-point preCiSion Production Code
e | R e 64-Bit floating-point precision Production Code
. B BCode SPE fba3e0dfa6c8985b41bcbe3594e... Content manifest |iSting all containers
" idees B BCode SPE fba3e0dfa6c8985b41bcbe3594e...
BB BModel Dymola_Sc9eaab1fbBacabfa509aeo.. Take some time to investigate the eFMU, e.g.:
= Lo CBRsCM B PCode SPE cbAaBadd9bAadaB64625ee5ads3.. « How cross references between manifests work
1 IPEE B PCode SPE fba3e0cifa6c3985b41bche3594e.. Quality of generated GALEC code (self-contained / inlined,
& DATA (E) B schemas error handling of symbolic optimized linear equation systems,
& SHARE (\dell146 ™ _contentxml local vs. glObal variables etC)

- i _1_ Al

10 items |

e m' Functional Mock-up
I Interface for

embedded systems
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Check the eFMU and its production codes:

DdEDEOQOs MyMO4eFMU - MyMO4eFMU - [Diagram] Jopues

X
Graphics Documentation  Text Simulation  Tools 2 Windows ¥ E|E|EHX
% Recent ¥ 18 Icon ® FitWindow S uUndo 2= X /& £~ E v g 2 = %
@ Back & Diagram @ Redo a%Sm OT a2~ @~-EFH 3 @
B Forward  |100% v B ol £R~B # % &
Projects B X & MyMOdeFMU
1= ® * -
Model name... = = |3|ila‘ st
Wi build =
! Algorithm Code
’i clean
Bl browse_code ’% % %
check eFMU I integrator
Q — configuration configuration configuration
4 % AlgorithmCode
e .
' BehavioralModel Production & Binary
' ProductionCode
% check_configuration
cdde configuration Engineering
configurations
Dymola license will expire in 10 days on 2025-09-15
ﬁ build_Arduino_sketch & ), =
) B| error message = ""
4 @ BinaryCode = succeeded = true
- =
5) -
=€« > ® |
Libraries ‘ Projects ‘ Components é‘ ]
‘ Libraries || Projects || Components | Files Diagram Filter Variable Browser Steady State Sweep Parameters » '-'|‘ E =

Association

Check MISRA C:2023 compliance of all production

codes via Cppcheck:

1. Rightclick MyMO4eFMU.ProductionCode
.check code in Package Browser / Projects view
— Call Function...
— OK

2. Analyses reports for each production code are
provided in your webbrowser (note, that block.c,
the actual production code, satisfies MISRA)

Check eFMU with eFMI Container Manager and eFMI
Compliance Checker (MAP eFMI released tools):
1. Right click MyM04eFMU.check eFMU in the
Package Browser / Projects view
— Call Function...
— OK

e m' Functional Mock-up
I Interface for

embedded systems
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Congratulations, you are halfway through!

See you in the second
half of the hands-on
after the coffee break! efm. E"f:%"fa%%a#?;ii

eFMU generation done.

Let’s go on to Behavioral Models &
software-in-the-loop (SiL) simulation.

e m' Functional Mock-up
I Interface for

embedded systems
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Congratulations, you are halfway through!

Welcome back to the
second half of the S 2w
hands-on! efmi; ;n:;%sa‘s%zo;;;::

eFMU generation done.

Let’s go on to Behavioral Models &
software-in-the-loop (SiL) simulation.

e m' Functional Mock-up
I Interface for

embedded systems
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Generate eFMU co-simulation stub:

DdEDYCOD- MyMO04eFMU - MyM04eFMU - [Diagram] 020 - O X

Graphics Doc| m MyM04eFMU.BinaryCode.build binary_stub

%8 Recent ~ @ lcon Y build_binary_stub build_binary stub ‘ Tree data

\ﬁ Back Diagrar | ~ & spe
» B production_codes Description

1. Right click
MyMO4eFMU.BinaryCode.build binary stub

in Package Browser / Projects view

P Forvard ‘@ > M4 binary_codes Generate and/or load a eFMU co-simulation stub wrapping the eFMU — Ca” FunCtiOn mee
Pin— e ek e e — OK
build Inputs
Al dean build_binary_stub | (rue = [+ Configures, if the eFMU co-simulation stub is gen A new paCkage ' MyMO 4eFMU. eFMU_S iL_Suppo rt'is
;ihmi - oo e sioion s e JENETAted. Its BinaryStub model is a Modelica proxy
+ [ Agortmcode load binany.stub. | e |1 theetMUs ecd for any esstng subwhichis £ the static linked libraries — and therefore production
» [1/) BehavioralMode! codes — generated by Software Production Engineering.
v [R)] Productioncode Outputs
~[E8) sinarycode build_result b (il cgesss

ﬁ check_configuratic

build

[f\._,‘:l build_binary_stub
i build_ MU

» B8 oymoi ¢ | ok |

e | = [ €% [ ® ]

Commatr
a
-

Libraries ‘ Projects ‘ Components

Libraries = Projects | Components = Files Diagram Filter Variable Browser Steady State Sweep Parameters » i == i -
Ubrares  Projcts | | sHEEZ ®  Functional Mock-u
I Interface for

embedded systems
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Investigate generated eFMU co-simulation stub:

D @ ﬁ = & @ 0 = BinaryStub - '"MyM04eFMU.eFMU_SiL_Support'.BinaryStub - [Documentation] )3 — O X

Graphics Documentation Text

Simulation  Tools 2 Windows ~ [¥] \E|EHE

% Recent ¥ B <> 3 x A&f Normal *|B X, A~ EE E| = @ Mhble ~

@ Back 0 ™ B o 4. | (Default) -] ¢ B E E | = [al

P foward 2 B W= 3 lAute) - | U = 3

Projects B

Model name... & > Iililg‘ L S * -
Unnamed Stub for eFMU-based co-simulation of =

[eFMI_TestCases.M04_DrivetrainTorqueControl.Controllers.Controller] using the static linked
libraries suited for Dymola's current simulation platform generated for the Production Code
containers [PCode_SPE_ch4a8a449h4ada864625ee5a4355578a3aaf08ed]
[PCode_SPE_fba3e0dfa6c8985b41bche3594ee941ce98b740¢c] as configured by eFMU
generation configuration [MyM04eFMU] Generated by Dymola on 2025-09-04T23:10:31Z.

v MyMO4eFMU

4 extends .DymolaEmbedded.E...

@ ‘MyMO4eFMU.eFMU_SIL_Supp...

= Information
=i BinaryStub
o]

%) TuningConfiguration

TuningBus Extends from .DymolaEmbedded.BuildUtilities.BinaryCode.BinaryStub (Base-model of eFMU co-

simulation stubs (Modelica < Binary Code container bindings enabling SiL simulation of an eFMU in

== TuningBusSampler Dymola).).
ProductionCodes Parameters
resolve_code_configuration Type Name Default Descriy
resolve code names Boolean __assert_error_signals |true Qonfi?ur?e
signals of |
ﬁ resolve_interface defining
production
are asserte
not.
= | & | ‘ ‘ [:/ ‘ » ‘ Boolean __embedd_clock true Configures
Mo synchrono .
Libraries

Projects Components

»
» BEHEH=Z

| Libraries || Projects H Components ‘ Files Diagram Filter Variable Browser Steady State Sweep Parameters

Association

Main characteristics of eFMU co-simulation stubs:

» Support multiple instantiation (each is atomic)

« All production codes available (32-Bit & 64-Bit
floating-point precision simulation)

» Support modification, input-dependent initialization,
recalibration & reinitialization

* Provide & assert eFMI error signals

* Preserve original model interface (dimensionalities,
diagramatic layout of in- & output connectors etc)

* Provide sampling with period of generated eFMU

« "Just” a production code proxy (no additional
equations; no solver required; "simply” implement
GALEC block life-cycle)

Functional Mock-up
Interface for
embedded systems

efm;
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Derive experiment package to define test scenarios & generate Behavioral Model container:

' 9 & S BinaryStub - "MyMO4eFMU.eFMU SiL S “BinaryStub - [D i - ] X i i ioti
OG@ED EOD:  Bruystub MyMOFMUMUSL Support Sinanysiub - Documentation] O ~*  Derive experiment package from existing closed loop
Graphics Documantatinn Tavt Cimulatinn Tanle B Miindawe v B =l . .
% ﬂ : MyMO4eFMU.BehavioralModel.build_tests eXperIment
Recent = . . \
o ook - | ——— BB Soloct Model <] 1 Right click MyM04eFMU.BehavioralModel
E',/ Forward <2 Description Search: ‘ = =D | . bu j_ l d_t es t S In PaC kage BrOWSGr / P rOJeCtS VIeW
Projects Derive.from an existing moc.iell an eFMU exPeriment package.( Pac'kages R = N Ca” Fu N Ctlon i
Model name.. P th?anos ofta [:ymola-adrr;l:rl]stt;re: B.eha\l.'lh(')'llrallI\:;Iode‘It c.ontalﬁ [l .
efines one test scenario of the Behavioral Model container.
. MyMO4eFMU package can be used to add the respective Behavioral Model ¢ ' Controllers — SOU rce_experl ment
eFMU (i.e., generate reference results and manifest) and to TestSetups H H
extends Dymolakml software-in-the-loop (Sil) test the production codes of the eF| @ Tost — Edlt (pac kage tree ICO n)
Software Production Engineering. ests
» &) dockea — select eFMI_TestCases

. ReferenceTests

\}; Controller_ExplEuler

heck fi ti . .
X check confguratio | Inputs .M04 DrivetrainTorqueControl

build
% | source_experiment LTOrqueControI.Controllers.ControIIer" '@ Controller ExplEuler Closedlo.. .Re fe renceTests
clean
(P Controller Rosenbrock1 B
@ browse code replace | false | b ontroller Rosenbroc i .Controller ExplEuler ClosedLoop
) Controller_Rosenbrock1_Close...
- — OK

Q check_eFMU
. 5 Utilities
» AlgorithmCode Liputs » @ lcons - OK

BehavioralModel build_result v Build su¢ <l

» [ M05 ContralledMixinatinit I
ws| build_tests E—
. | Cancel |
’ ProductionCod ——
% e I OK H Info HCopy CaIIH Execute || C
» @ BinaryCode S
= \ \ not.

_____ I |
R [ ® | @ | » | B | Booean __embedd_clock true Configures
synchrono

Libraries Projects ‘ Components : ;
=== | n . _
‘ Libraries H Projects || Components ‘ Files Diagram Filter Variable Browser Steady State Sweep Parameters » = ﬂ E = e I FU n Ctlonal MOC k u p
| I l Interface for

embedded systems
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Investigate the derived experiment package:

D @ E 5 @ @ 0 5 'eFMU experiment package (MyM04eFMU, eFMI_TestCases.M04 _DrivetrainTorqueCon... ,O —
@ Windows ~ [¥] |E|E”g

Graphics Documentation  Text Simulation Tools

B Recent ~ 1 Icon
\,'] Back Diagram

E:) Forward ‘100% - ‘

B2 Fit Window

=) undo
@ Redo

= X SO £L~FE <~
B OT 2~9 ~
B o ~-E #

O X

The generated experiment package contains:
 Records to define absolute & relative tolerances for

test scenarios
* Function to generate the Behavioral Model container

Function to browse the Behavioral Model container

Projects

N

»w

« = |[YFl

Model name...

Unnamed
4 MyMO4eFMU
[E_-] ‘MyMO4eFMU.eFMU_SIL_Supp...
E] 'eFMU experiment package (M...
;” configuration = .MyM04eFMU
¥ build

Bl browse_container

A single reference experiment to regression test th?

—

source experiment and generate reference results
[ SiL tests for each production code; one test for each
"controller” instance (i.e., test scenario) in the source

—

—
/

experiment -
0 o »

1@ Test_ReferenceExperiment

2 Test_Sil_Scenario_1

)'/ﬂ Test_Sil_Scenario_1_PCode_S...

;’g Test Sil_Scenario_1 PCode S...

|

Scenario 1
controller

ot i

o ckSel e

T
- e £ 4
LY

[ inferator
U

M_desiredta

BuidUni

Scenario 1: controller

gkt
M_motorimatc M_metortable e £
! . é;%mh
/e -
o [TV ] M
/| okSetci kSel

| €« | » | ® |

Components

B | =
Projects

Libraries

Dymola license will expire in 10 days on 2025-09-15

| Libraries H Projects H Components | Files Diagram Filter Variable Browser Steady State Sweep Parameters

. R

efm;

Functional Mock-up
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Define tolerances for the test scenarios of the experiment package:

D @ E 5 @ @ 0 5 'eFMU experiment package (MyM04eFMU, eFMI_TestCases.M04 _DrivetrainTorqueCon... ,O — O X

Graphics Documentation  Text Simulation Tools @ Windows ~ [¥] |E|E”g

By Recent ¥ B Icon E fitWindow S unde 2« X S @ L ~-E~ S B = 4 W~

\,']Back Diagram @ Redo b OT a~-9~ @~-EH3 @ B

% Forward [100% < | B okl bR~-BE # % % B

Projects =]

Model name... & I?liilE' B ‘eFMU experiment package (MyM04eFMU, eFMI| TestCases.M04 DrivetrainTorqueControlR « » ¥
Unnamed

4 MyM0O4eFMU

» [Bl] ‘MyModeEmU.eFMU SiL Supp..

E] 'eFMU experiment package (M...

@default

¢ Scenario 1:
controller

» ;? configuration = .MyM04eFMU
¥ build

Bl browse_container

)',m Test_ReferenceExperiment
;’ﬂ Test_Sil_Scenario_1
)'/ﬂ Test_Sil_Scenario_1_PCode_S...

;’g Test Sil_Scenario_1 PCode S...

Dymola license will expire in 10 days on 2025-09-15

R |z | @« | D | F |

Libraries

Projects Components

~
=

| Libraries H Projects H Components | Files Diagram Filter Variable Browser Steady State Sweep Parameters

HEHEZ

Define absolute and relative tolerances for all floating-
point precisions and test scenarios (i.e., SiL tests). We
can use a default for all scenarios (here only a single):
1. Double click tolerances default (labeld
default) in Diagram view of the experiment package
— set tolerances for M motor output a follows
absolute x32 (M motor=1.0e-3)
relative x32 (M motor=1.0e-4)
absolute x64 (M motor=1.0e-0)
relative x64 (M motor=1.0e-8)
— OK

~ o~ o~ o~

Functional Mock-up
Interface for
embedded systems

efm;
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Generate Behavioral Model container form the experiment package:

D @ @ & @ o = build - 'eFMU experiment package (MyM04eFMU, eFMI_TestCases.M04_DrivetrainTor... ,O — O X
Graphics Documentation Text Simulation Tools 2 Windows ¥ [¥] |E|EHE
% Recent ~ E <> 2« X A% | Nommal ~B X, Av EE E = @ TTable -

@ Back < mE B " % |(Default) -/ ¥ B~ = E | = [

lf,) Forward 2 = @ = ¥ |(Auto) v| u = >
Projects Bl B

= = = | bd + v
Model name... = = |Z|i|3| .
Unnamed Build the Behavioral Model container administered by this eFMU experiment package.

Information

e MyMO4eFMU
4 extends .DymolaEmbedded.E...

14 @ ‘MyMO4eFMU.eFMU_SiL_Supp...

= 'eFMU experiment package (MyM04eFMU, eFMI_TestCases.M04_D... X

Extenc build ‘ a.),
- ‘eFMU experiment package (M... Dymo s or parts
thereo | peseription
28 | configuration = MyMO04eFMU
build Outpt . Build the Behavioral Model container administered by this
o, SuE Type ~7 aFMU experiment package.
- browse_container Boole:
y : Outputs
¥} Test_ReferenceExperiment String
succeeded Whether the build succeeded or failed.
)/ﬁ Test_Sil_Scenario_1 Name:
Path: | error_message Error message in case the build failed.
)'/ﬂ Test_Sil_Scenario_1_PCode_S... eFMI_ ClosedLoop)'.bui
Filenal
)'/ﬂ Test_Sil_Scenario_1_PCode_S... Uses:
OK Info | ‘Copy Ca||| | Execute | | Close ‘
R | =2 | &« | % | ® |
Libraries ‘ Projects Components 0 :
| Libraries || Projects H Components ‘ Files Diagram Filter Variable Browser Steady State Sweep Parameters » = ﬂ E =

Build the Behavioral Model container with reference
results taken from simulation of the reference
experiment Test ReferenceExperiment:
1. Rightclick build of experiment package in
Package Browser / Projects view
— Call Function...
— OK

Browse the generated Behavioral Model container:
1. Rightclick browse container of experiment
package in the Package Browser / Projects view
— Call Function...
— OK

Functional Mock-up
Interface for
embedded systems

efm;
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Investigate the generated Behavioral Model container (BModel Dymola 5c9eaablfb8..):

B BModel Dymola 5c9eaablfb8 X aF Container content:
c £+ & O > - BModelD s o » XML manifest with
* Test scenarios
© New (5 Details » Links to Algorithm Code manifest for variable names
B Documents > B Name and types (in-, output, tuneable parameter) & sample
1 Downloads @ manifestxml period

« Variables — CSV column name links (multi-dimensions
are flattened to individual columns)

_ » Tolerances for various floating-point precisions

" Videos " Reference trajectories in comma separated values (CSV)

files (one file per test scenario)

: Pictures ’Ih Scenario_1.csv

f Music

B | P5-CBR5-CEM

&6 WINDOWS (C) Take some time to investigate the manifest and CSV file.

&% DATA (E)

= SHARE (\\dell146

- e_ _1_nrl

2items | e m " Functional Mock-up
I Interface for

embedded systems
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Conduct SiL test of Software Production Engineering generated production codes:

D2 E= % Test_SiL_Scenario_1_PCode_SPE_ch4a8a449b4ada864625ee5a4355578a3aaf08ed - 'e... O — O X
Graphics Documentation Text Simulation Tools 2 Windows ~ [F]
® RunSaipt ~ @ ~ £ ~ @& 2y E > <« | Time: Speed:

B New Script ™ Stop:SO | s ﬂ @ 7 & I » ||O\ ‘ ’ | iy .|

-r_ﬁ Commands ¥ .9 ‘m‘ Dassl v & K4 4l

Variable Browser

B X

- clock -
FEEE

Dymola license will expire in 10 days on 2025-09-15

#ok: "M motor|match' (€000l ticks, major delta: —-0.00126709)

Variable - Rltyig) @E‘D‘
: : - 'M_motorjmatch'act - 'M_mot
~'M_motor|match’ +B6E-4
v act
W ref +5E-47
——
min_ +4E-4— *
max_ .
inTolerance +3E-4+
result
expect +2E-41
enable E4-
skip_check
tick_start 72.2581 T T T T
tol tick 14.26049998 +2E8 +4E8
 cfg
tick
b check_equal B |calling terminal section
major_delta B
tol rel .. "dsfinal.txt" creating (final states)
tol abs

change_tol_rel
change_tol_abs

4

SUCCESSFUL simulation of 'eFMU experiment package (MyM04eFMU, eFMI TestC:
- -

y1

w
» M_motorftable ~| 8 syntax /A Translation ‘ Simulation | Version

4 » —

filter variables - |» More ‘@ Commands | Logs
Libraries Projects Components Files Diagram Filter | Variable Browser ‘ Steady State Sweep Parameters » ‘-'“ﬂ E =

1.

4.

Double click

Test SiL Scenario 1 PCode SPE cb4... of
the experiment package in Package Browser /
Projects view

Switch to Simulation ribbon

— Click Simulate button

Right click 'M motor|match' in diagram plot
— Plot Variable

— select act (actual SiL simulation trajectory)

— select ref (expected reference trajectory)
Zoom into Plot window to see there are differences

Note, that the test did not fail (see Logs window &
dashboards). If you tighten tolerances — e.g., change
the 32-Bit floating-point precision tolerances to the 64-
Bit ones — it will fall.

e m' Functional Mock-up
I Interface for

embedded systems
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Conduct SiL test of Software Production Engineering generated production codes:

% E ™S @ @ €95 Test SiL Scenario_1_PCode SPE cb4aBad49bdadaB64625ee5a4355578a3aaf08ed - e.. O — O

Graphics Documentation Text Simulation Tools

@ Run Script ™

Variable Browser

% > E ~
@ New Script ™ G)

{32 Commands ~ 0 ‘m‘ Dassl h

2 Windows ~ [¥]

Stop: ‘30

How do we know and change which
production code is tested?

Variable
> ‘wRelltable’ - 'M_motorjmatch’act - 'M
~'M_motor|match’ +B6E-4
v act
W ref +5E-47
min_ +4E-4
max_ p—
inTolerance . .
result '@ MyMO4eFMU.eFMU_SIL_Supp.
expect .
enable E BinaryStub
skip_check
tick_start %’ TuningConfiguration —_—
tol_tick
Pt TuningBus
tick
¥ check | .
creceegus =& TuningBusSampler
major_delta
tol_rel 7 .
tol_abs ¢} ProductionCodes
change_tol_rel
change_tol_abs resolve_code_configuration
¥ 'M_motorltable’'
4 ] resolve_code_names
filter variables = |>
Libraries Projects Compol @ resolve_lnterface dy State

@ Plot [1%] E]D

__defining code
parameter selects

production code to test

B

(60001 ticks, major_delta: -0.00126709)

1.

Double click

Test SiL Scenario 1 PCode SPE cb4... of
the experiment package in Package Browser /
Projects view

Switch to Simulation ribbon

— Click Simulate button

Right click 'M motor|match' in diagram plot
— Plot Variable

— select act (actual SiL simulation trajectory)

— select ref (expected reference trajectory)
Zoom into Plot window to see there are differences

Note, that the test did not fail (see Logs window &

=

(final states)

eFMU eXx|

resolve

code name —
configuration

dashboards). If you tighten tolerances — e.g., change
the 32-Bit floating-point precision tolerances to the 64-

Bit ones — it will fall.
efm;

Functional Mock-up
Interface for
embedded systems
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Congratulations, you did it!

e m Functional Mock-up
I Interface for

embedded systems

Let’s do some advanced SiL stuff,
like recalibration and reinitialization.

e m' Functional Mock-up
I Interface for

embedded systems
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Load prepared recalibration & reinitialization example for M04 controller:

O ¥ HEEO- MyMO04eFMU_RecalibrationTest - MyM04eFMU_RecalibrationTest - [Diagram] 20— D X .
ET . - ' ’ ~ 1. Either, drag and drop model
Graphics Documentation Text

Simulation  Tools % Windows ~ [#[—|a [x
B% Recent ¥ 4 Icon B FitWindow S Unde 2« X / O L ~EF~ & B G % ¥~ - reference_mOdelS/Part_3/ _
¢ tack (2 Diagram Prdo 3 ®H OT 2-%- @-EF 8 @ B MyM0O4eFMU RecalibrationTest.mo In
 Foward [100% - | Bw oW k- # % & B Package Browser / Projects view or load it via
:Argfgsmamem - i’|§|?=_@|%| MyM04eFMU RecalibrationTest  *  + - File — Open — Load...
Unnamed

Tuning & production paramete-

» MyMO4eFMU code configurations E%:]
- |8 MyMo4erMU.ePMU_SIL Supp... % uned_an-
'@ BinaryStub untuned lunl

The model has 4x M04 controller instances (eFMU co-
simulation stub instances):

T
39 TuningConfiguration ' _ T 1. untuned: not modified, recalibrated nor reinitialized
© Tuningtus T 2. parameterized: modified ¢ res & k PI
@ v = ——r parameters, but not recalibrated nor reinitialized
[ resolve code configuration el = &I 3. tuned: unmodified, but via tuningBus runtime
[+ resolve.code names e recalibrated ¢ res & k PI parameters
@FMth;tpkg " A T 1 4. tuned and reinitialized: like 3, but
FE] MyMO4eFMU_RecalibrationTest o o= ]ﬂ addltlonally at runtime reinitialized
e | x| ¢ > | ® T

Libraries

PTOJECtS Components Dymola license will expire in 10 days on 2025-09-15

‘ Libraries H Projects H Components | Files Diagram Filter Variable Browser Steady State Sweep Parameters » ‘-"|ﬂ E = e m - Fun Ctional MOC k—u p
I Interface for

embedded systems
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Investigate recalibration & reinitialization example for M04 controller:

D @ 9 & @ Q s MyMO0O4eFMU_RecalibrationTest - MyMO04eFMU_RecalibrationTest - [Diagram]

Graphics Documentation Text Simulation Tools

o - 0 %

@ Windows ~ [ \ElEHg

Bf Recent ¥ 4 Icon B FitWindow S Unde 2« X / O L ~EF~ & B G % ¥~
@ Back Diagram @@ Redo B % OT 2a~%9%~ @ ~ 8 @ B
% Foward 100% < B » ok &t~ ®oo% = O
Projects . B MyM04eFMU_RecalibrationTest
= = | = o + M
Model name... &= > IZ'__—_|3| y o _RecalibrationTes
Unnamed " i
Tuning & production paramete-
» MyMO4eFMU code configurations E%:]
- |8 MyMo4erMU.ePMU_SIL Supp... uned_an-
. |
'@ BinaryStub untuned uning .m.

%’ TuningConfiguration
TuningBus

=& TuningBusSampler
ProductionCodes
resolve_code_configuration

resolve_code_names

@ resolve_interface

‘eFMU experiment package (M...

@ MyMO04eFMU_RecalibrationTest

R | = | 4| D | |

Libraries

Projects Components

sine

:

=0.5Hz

sinel

step1 I
Pl

i
s
™~

1 tuningBus

uningBus C.'.'.]

step
res

booleanT--

'8}

Dymaola license will expirein 10 days on 2025-09-15

‘ Libraries H Projects H Components | Files Diagram Filter Variable Browser Steady State Sweep Parameters

» mEHEZ

All 4 controllers use the same production code for
simulation (_ defining code modification set by the
global record parameter in the upper left of the
diagram).

The ¢ _res & k_ PI parameter changes are all switches

from the default value to the same new value, just at

different time points (as modification before simulation

or as recalibration during simulation):

* c res:4710 - 2710 att=0s or 0.25s (step
runtime value)

* k PI:-73 - -10att=0sor 0.6s (stepl runtime
value)

Reinitalization is done at t = 0.7005s (booleanTable

runtime value).
e m " Functional Mock-up
I Interface for

embedded systems
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Investigate recalibration & reinitialization example for M04 controller:

MyMO0O4eFMU_RecalibrationTest - MyMO04eFMU_RecalibrationTest - [Diagram] o0 - O X

DR@EDTOD-

Graphics Documentation Text Simulation Tools

Bf Recent ¥ 4 Icon B FitWindow S Unde 2« X / O L ~EF~ & B G % ¥~
@ Back Diagram @@ Redo B % OT &2~49~ @ ~ 8 @ B
% Foward 100% < B » ok &t~ ®oo% = O

@ Windows ~ [ \ElEHg

Projects

Ja

MyMO4eFMU_RecalibrationTest = *

Model name...

[
€ 2> NFIA|

Unnamed " i
Tuning & production paramete-

» MyMO4eFMU co R
!

funed_an-

i

- |8 MyMo4erMU.ePMU_SIL Supp...

BinaryStub bt untuned Tuni -oEm u
%’ TuningConfiguration o — b I
TuningBus

Wit

=& TuningBusSampler sine =

tuningBus
ProductionCodes =iltiningBus @
resolve_code _configuration =0.5Hz . 4
resolve_code_names k_PI

sinel
@ resolve_interface /\/ startTime-
‘eFMU experiment package (M... step booleanT--

j c_res E

startTime- ——

@ MyMO04eFMU_RecalibrationTest

R | = | 4| D | |

Projects Components

Libraries

Dymaola license will expirein 10 days on 2025-09-15

=EHEZ

‘ Libraries H Projects H Components | Files Diagram Filter Variable Browser Steady State Sweep Parameters »

Tuning is enabled by modifying co-simulation subs:

*  enable tuning = true

» selecting/activating the tuned parameters via
___tuning configuration

= The tuning bus connector (%.°.7) is enabled.

New recalibration parameter values are provided as
runtime values connected to the tuning bus. Only
tuning-activated parameters have to be provisioned.

Tuning configuration & bus types are provided in the
generated eFMU co-simulation stub (drag and drop).

In this model: Tuneable parameters are selected by the
global  tuning configuration record parameter

In the upper left
efm;

of the diagram. Functional Mock-up

Interface for
embedded systems
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Investigate recalibration & reinitialization example for M04 controller:

D @ 9 & @ Q s MyMO0O4eFMU_RecalibrationTest - MyMO04eFMU_RecalibrationTest - [Diagram]

Graphics Documentation Text Simulation Tools

B% Recent ¥ 4 Icon B Fit Window

\,ﬁ Back Diagram

ﬁ) Forward ‘100% "

Projects o B
Model name... € = IZL |3|
Unnamed

v (B8] MymodermU

- |8 MyMo4erMU.ePMU_SIL Supp...

'@ BinaryStub

%’ TuningConfiguration

Ja

TuningBus

=& TuningBusSampler
ProductionCodes
resolve_code_configuration

resolve_code_names

@ resolve_interface

‘eFMU experiment package (M...

@ MyMO04eFMU_RecalibrationTest

R | = | 4| D | |

Libraries

Projects Components

=) Undo 2 X / 0]

™ Redo " OT &2~ ~ @
B okl -8 #©

o - 0 %

@ Windows ~ [ \ElEHg

MyMO4eFMU_RecalibrationTest =

Tuning & production
code configurations

sine

+

paramete-

i

tuned_an~

untuned

b

uning s

.

|
s uningBus

step1

tuningBus

)

k_Pl

il

startTime-

step

c_res

il

startTime-

booleanT--

|8

Dymaola license will expirein 10 days on 2025-09-15

‘ Libraries H Projects H Components | Files Diagram Filter Variable Browser Steady State Sweep Parameters

» mEHEZ

Reinitialization is enabled by modifying eFMI co-
simulation subs:
. enable reinitialization = true

= The “stop push button” (.) is enabled.

New reinitialization requests are provided as runtime
values connected to the “stop push button”. Such are
locked until the next sampling; it is sufficient to signal at
any point inbetween two samplings that a reinitialization
IS requested — it is not necessary to ensure
reinitialize == true exactly at the sampling.

e m' Functional Mock-up
I Interface for

embedded systems
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Investigate recalibration & reinitialization example for M04 controller:

N2 ESD 5 MyMO04eFMU_RecalibrationTest - [Plot [1%]]

Graphics Documentation Text Simulation Tools

@ New Plot ~ E New Diagram ¥ Reset Layout

@ New Table E Rescale All

Close All

Variable Browser
Variable

v t1 0o

__error_signals_Recalibrate
_ error_signals_Reinitialize
_ error_signals_DoStep
__assert_error_signals
_embedd clock
_ sampling_period
enable_tuning
_ enable_reinitialization
M_desired
wRel
v| M_motor
M
Ni_PI
Ti Pl
c res
d res
f_cut
gearRatio
kPl
k_accCor

tauM _max
4

V| _recalibrated

-

m

F'\It-er variables v |>> More |®

Libraries Projects Components Files Diagram Filter

Generate ™

» ;:W_; D@|>;|x 1. Simulate MyM04eFMU RecalibrationTest

ptions ayout indows ¥ =X — . )

0% > o-Lewomm Tz =- 5. 2. PlotM motor ofall4 co-S|muI_at|on st_ubs_

e I & [ eresin = - = 3. Plot recalibrated (true, iff recalibration done)
/= T e o % 4. Zoom into the plotat 0.0 <t<1.05

—— parameterized.M_motor —— tuned_and_reinitialized. M_motor —— untuned.M_motor —— tuned.M_motor

b is When do parameterized and tuned plots align?
207 ?” P When does untuned align? Is the controller fast
100- adapting in case of errors that require a system restart?
" f Good to remember:

60- « All controllers use same production code

N « c res & k PI parameters change consistently:

* c resatt=0sor0.25s (step)
20- « k PTatt=0sor0.6s (stepl)
. \ * Reinitalization at t = 0.7005s (booleanTable)

Variable Browser | Steady State Sweep Parameters » = ﬂ E = e m i F un Ct i ona I M ocC k' u p
Interface for

embedded systems
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Investigate recalibration & reinitialization

O ED @ ® O s MymModerMU RecalibrationTest - [Plot [1*]1“ O — m] X
Graphics Documentation B O n u S q u estl O n E

@ New Plot ~ E New Diagram ~ Re|

@ New Table E Rescale All Ge
Close All
Variable Browser =]
Variable =

* tuned_and_reinitialized
V| _recalibrated
_ error_signals_Recalibrate
_ error_signals_Reinitialize
_ error_signals_DoStep
__assert_error_signals
_embedd clock

_ sampling_period

Why can Dymola not generate — to be
precise it makes no sense — Behavioral
Model containers with recalibration and

reinitialization test scenarios?

Think about Modelica limitations and

chicken-egg problem.

_enable_tuning
_ enable_reinitialization
M_desired
wRel
v| M_motor
M
Ni_PI
Ti Pl
c res
d res
f_cut
gearRatio
kPl
k_accCor

tauM max i

4] 3
filter variables v |>> More |®

libraries Projects Components Files Diagram Filter | Variable Browser | Steady State Sweep Parameters » = ﬂ E =

1 T
0.00 025 050 075

80

60+

404

204

T T
1.00

tor

example for M04 controller:

N

Simulate MyM04eFMU RecalibrationTest

Plot M motor of all 4 co-simulation stubs

Plot recalibrated (true, iff recalibration done)
Zoom into the plotat 0.0 <t < 1.05

When do parameterized and tuned plots align?
When does untuned align? Is the controller fast
adapting in case of errors that require a system restart?

Good to remember:

All controllers use same production code

c res & k_PI parameters change consistently:
c resatt=0sor0.25s (step)

k Pratt=0sor0.6s (stepl)
Reinitalization at t = 0.7005s (booleanTable)

efm;
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Final touch — export eFMU as FMU:

O ED @ ® €9 build FMU - MyM04eFMU.BinaryCode.build_FMU (Package Ext... 02— O X
Graphics Documentation Text Simulation Tools @ Windows ¥ [¥] |E|E”E
BY Recent ~ [El <> 3z X A% Normal -~ B X, A~ EE E = @ Thbe -
@ Back <& = B " . |Default v/ x B~ = TR =S
P Foward 2 E B ¥ lauto)  ~ | U = z
Projects =] R |
e = | * + -
Model name... = = IV|=- (A _UI ) ‘ )
* — i o = MyM0O4eFMU.BinaryCode.build_FMU X
build e
 cian |y build MU |
Bl browse code Description
Q check_eFMU Generate and optionally import a FMU implemented by the binaries of the
. Ex Software Production Engineering Binary Code containers linked by the es
' . AlgorithmCode ge eFMU co-simulation stub.
/| BehavioralMaodel
In Inputs
» ProductionCode |
. T Configures, if the generated FMU is imported as
'@ BinaryCode Bt mEEii Rl ‘—true i " well.
check_configuration
% B J Ol Qutputs
ould Build [ Il rel build
f uild success report compiling all relevant bui
build_binary_stub E uilz] pEmis ’ information.
Wl build FMU N:

P:

» 184 pyrmola |~ Fil OK || |
R = (@« [ ® :

Version: 1.0.6

Libraries Projects ‘ Components Uses: Modelica (version="4.1.0"), eFMI (version="1.0.2"), DymolaCommands (version="1.20"),
S — MordelMananement (vercinn="1 4 2"\ DvmanlaMandels (vercinn="1 11 N"\ Tes<tina (vercinn="1 11 N"\

Info HCopy CaIIH Execute H Close ‘

‘ Libraries || Projects || Components ‘ Files Diagram Filter Variable Browser Steady State Sweep Parameters » = |E|E =

Association

Right click MyM04eFMU.BinaryCode.build FMU
in Package Browser / Projects view

— Call Function...

— OK

The exported FMU has all conditional parameters of the

eFMU co-simulation stub fixed to their defaults:

« Floating-point precision: precision of
__defining code production code

» Recalibration & reinitialization: disabled, i

__enable tuning = false,
__enable reinitialization = false
 Error S|gnals asserted, i.e.,
__assert error signals = true
. Internal sampllng embedded & fixed, |
__embedd clock = true
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Final touch — export eFMU production code as Simulink® C Function block:

D Q @ =) & @ 0 = build_Simulink_import - MyM04eFMU.ProductionCode.build_Simulink_import (Packa... ,O —

Graphics Documentation Text Simulation Tools

% Windows ~ [F] |E|E”g

% Recent ~ ﬂ = < 2z X " |Normal ~|B X, | A~ EE E = @ Mnbe ~
@ Back < E B o |(Defaul |/ ¥ B E E =
» Foward 2 B R lAuto)  ~ | U = )3
Projects o ® build Simulink i
= =] e rt +
Model name... + = [VFllA FHES
- browse code “| Build for each eFMU Production Code container generated by Software Production
Engineering a MATLAB® script enabling its import as Simulink® C Function block.
check eFMU A
Information
. AlgorithmCode
Important: Please check, and confirm, the Requirements of the MATLAB®/Simulink® import before
.\, | BehavicralModel using this function.
e ProductionCode Extends from lcons.GenerateSourceCode (lcon for functions that are interactively used to generate
source code.).
iﬁ check_configuration
Inputs
[ build P
é\! check_code Type : Name Default : : Descrlptlc?n ‘ :
SPE_Configurations| SPE |SPE_configurations|Software Production Engineering configurations
Ig build_Simulink_import used for the build.
ﬁ build_Arduino_sketch Outputs
’ @ BinaryCode Type Name Description
» E] Dymola C BuildResult|build_result|Build success report compiling all relevant build information.

Name: build_Simulink_import

» @ "MyMO4eFMU.eFMU_Sil._Su...

Fi | B | ‘ ‘ E:/ | [~ | Filename: C:/eFMI-Tutorial-2025/Dymola/Modelica/Library/DymolaEmbedded
1.0.6/EmbeddedConfiguration/ProductionCode/build_Simulink_import.mo
Libraries ‘ Projects ‘ Components Version: 1.0.6
—_— llamaa. Madalima fuarsian="4 4 NN ACKAl fuarcian="4 N 9" Numalaf Aammsands Hoarcinm="
‘ Libraries ” Projects H Components | Files Diagram Filter Variable Browser Steady State Sweep Parameters » = |E|E =

~| Path: DymolaEmbedded.EmbeddedConfiguration.ProductionCode.build_Simulink_import

1.

Right click MyMO4eFMU. ProductionCode

.build Simulink import in Package Browser /
Projects view

— Call Function...

— OK

Exports a MATLAB® script for each Production Code
container that can be used to configure Simulink® C
Function blocks such that they are:

backed (i.e., implemented) by the respective
production code

provide the GALEC block-interface using proper
Simulink® types (in-, outputs and parameters)
setup according to the GALEC block life-cycle
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Final touch — export eFMU production code as Arduino® sketch:

D Q @ D & @ Q 5 build_Arduino_sketch - MyM04eFMU.ProductionCode.build_Arduino_sketch (Packag... ,O — O X

Graphics Documentation Text Simulation Tools

2 Windows ~ [#] |E|EHE

% Recent ~ ﬂ <> 2z X A% Normal vy B X, | A~ EE E = @ TTabe ~

§ Back < m B T L. (Default) -/ X B = HAE | = [a

» fovad 2 B mw» ¥ (Auto)  ~ | U = 3

Projects B X

Viodel name.. e > I$|?|§| # build Arduino_sketch +* -

Bl browse_code

Q check_eFMU

4 AlgorithmCode

/" | BehavioralModel

b ProductionCode

ig check_configuration
B build
@ check _code

Iij build_Simulink_import

wa! build_Arduino_sketch

4 B BinaryCode
» E] Dymola_C

’ @ ‘MyM04eFMU.eFMU_SIL_Su...

Build for each eFMU Production Code container generated by Software Production
Engineering an Arduino® sketch enabling deployment of the production code on Arduino®
compatible hardware.

Information

Extends from Icons.Bundle (lcon for software bundles.), lcons.Build (Icon for build functionalities
generating eFMU artefacts or parts thereof.).

Inputs

Type [Name
SPE_Configurations| SPE

Default Description

SPE_configurations|Software Production Engineering configurations
used for the build.

Outputs

Type Name Description
BuildResult build_result Build success report compiling all relevant build information.

Name: build_Arduino_sketch

Fi | 090 | ‘ | E/ | [ | Path: DymolaEmbedded.EmbeddedConfiguration.ProductionCode.build_Arduino_sketch
Filename: C:/eFMI-Tutorial-2025/Dymola/Modelica/Library/DymolaEmbedded
Libraries | Projects | Components 1.0.6/EmbeddedConfiguration/ProductionCode/build_Arduino_sketch.mo
| Vercinn-1 N A 1
‘ Libraries || Projects H Components | Files Diagram Filter Variable Browser Steady State Sweep Parameters » = ‘E|E =

Right click MyMO4eFMU. ProductionCode
.build Arduino sketch in Package Browser /
Projects view

— Call Function...

— OK

Exports each Production Code container as Arduino®
sketch such that the Arduino® IDE can be used for
further development and deployment:

« Template comments hint at where in- and outputs
have to be connected or parameters can be
recalibrated.

» Preprocessor guarded timing code enables fast
validation of worst time execution and correct
scheduling.

Functional Mock-up
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Congratulations, you did it like a PRO!
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eFMI® tutorial — Agenda

Tutorial leader:
Christoff Blrger

Part 1: eFMI® motivation and overview (40 min) 2 D ASSAULT
pSSLJSTEMEs
Part 2: Running use-case introduction (10 min)
Part 3: Hands-on in Dymola and Software Production Engineering (25 min) Presenter:
: Daeoh Kang
Coffee break (30 min)
—IVH

Institute of Vehicle Engineering

Part 3: Hands-on in Dymola and Software Production Engineering (30 min)

Part 4. Advanced demonstrators (20 min)

Part 5 (industry case-study): eFMI based thermal management system
(TMS) development for fuel cell electric vehicles (FCEV) (20 min)

Part 6: Outlook and conclusion (5 min)
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