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eFMI® Tutorial — Agenda

Part 1: eFMI® motivation and overview (40 min)
Part 2: Running use-case introduction (10 min)

Part 3: Hands-on demonstration in Dymola and

Software Production Engineering (former name CATIA ESP) (25 min)
Coffee break (30 min)

Part 3: Hands-on demonstration in Dymola and

Software Production Engineering (former name CATIA ESP) (35 min)
Part 4: Live demonstration in TargetLink (30 min)

Part 5: Short presentation of further tooling (5 min)

Part 6: Conclusion (5 min)
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Part 3: Hands-on demonstration in Dymola and
Software Production Enginnering

eFMI® Tutorial — 151" International Modelica Conference — 9t of October 2023
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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:

Q

Own computer with Windows 10 or 11, 64-Bit, x86

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

O 000000 D0 o

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

Preinstalled Dymola 2024x Beta 4 (/Dymo1la)

Preinstalled Software Production Engineering (fomer name CATIA ESP) 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)

Portable Cppcheck (/portable-Cppcheck) and Python (/portable-Python)
required for MISRA C:2012 compliance checks of production code

Licenses of provided software (/1icenses) efm " Functional Mock-u
P
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 /Dymo1a directory are subject to licensing of Dassault Systéemes.

The Python libraries and scripts pip, get-pip.py, argparse and Pygments 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” OF THE
“15™ International Modelica Conference, 9-11 October 2023”; 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 make sure you can use the provided Dymola:

DREDEE 0 - Dymola - Dynamic Modeling Laboratory - [Diagram]

Graphics Documentation Text
#! B By o| & [ » I+ E™ 0

Simulation

Refresh
To Clipboard Image Animation HTML Graph Library License ({ptions Update Publish Log etres Help Dym
- Managemel Setup - More ¥  Documents  Web:
Proje[ " =
m Dymola License Setup X

Maodyg

General Details Borrow  Setup

Checked out license options

Standard oK

Enable code export options

Enable checking out code export options

Local host id

Flexnet:
"f875ade7ac9c f875ade7ac9c fBede33ffed5 f8ede33ffedb faedel3ffeds f8ede33ffed9 00155d534cf6 00155de0490c 00155d5ff1e0"

@ The host id may change if the computer is connected to a
docking station. In such a case, please copy all host ids.

Copy to Clipboard

oK Cancel

Execute /Dymola/start-Dymola.bat and
check your license:

1.

2.
3.
4

Tools ribbon

License Setup

Details

Code export is checked (“Dymola Source
Code Generation License”)

e m' Functional Mock-up
I Interface for

embedded systems
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Before getting started, please make sure you can use the provided Dymola:

D@=e
Graphics
@ [
Run New

Script = Script =

Variable Browser

[h Gh &2

Variable

<

® 0 = Dymola - Dynamic Modeling Laboratory
Documentation Text Tools
= & (7 Stop _ — Continue ™
2 D eI = £ - o
g: ™ Lineari
Commands  Translate Simulate Stop Steady Sweep ass Setup nearnze
e = State  Parameters Save in Model
= Simulation Setup X
Value . . .
General Translation Qutput Debug Compiler Realtime FMI Export FMI Import
C compiler
Visual Studio 2012/Visual C++ 2012 Express Edition (11.0)
¥ Visual Studio 2015/Visual C++ 2015 Express Edition (14.0)
Visual Studio 2017 /Visual C++ 2017 Community (15)
2 Visual Studio 2019/Visual C++ 2019 (16)
2 Visual Studio 2022 /Visual C++ 2022 (17)
® Visual Studio Custom
|<< location of software bundle >>\portable-MSVC Browse...
2 MinGW GCC
2 Linux cross-compiler (WSL)
|C:/Windows/System32/wsl.exe Browse...
Verify Compiler [Iﬂ Verify also FMU export on success
Embedded server (Requires Visual Studio as C compiler)
® None
' DDE server
Export DLL
U Export model as DLL with API

[filtar variahlac

Check compilers are available for simulation:
1. Simulation ribbon

2. Setup button

3. Compiler tab

4. Verify Compiler button

You can also pick any of the default Microsoft Visual
Studio versions if you have a local installation.

If not, please use the provided portable, on custom path
<< location of software bundle >>
/portable-MSVC/

Functional Mock-up
Interface for
embedded systems

efm;
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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:

D @ ﬁ B @™ @ 0 - Dymoala - Dynamic Modeling Laboratory - [Diagram]
Graphics Documentation Text Simulation Tools

! BB A& @ & £ @ I Eee @

Refresh

To Clipboard Image Animation HTML Graph Library License Options Update Publish Log Help
- Management  Setup v More ¥  Documents
Libraries g X Unnamed % +
Model name... = :\5‘\? ol 2
1
’ D Dymola Commands : .DymolaEmbedded_menu.load_libraries x

> D Favorites

> o Modelica Reference

Description
> D Modelica P
Load all eFMI related Modelica libraries shipped with Dymola, i.e., the DymolaEmbedded,

m eFMI, eFMI_TestCases and eFMI_TestCases EmbeddedCaonfigurations libraries.

load_libraries

OK Info Copy Call Execute Close

E | = & P [ 3

Libraries Projects

Libraries Projects Components Files Diagram Filter Variable Browser Steady State Sweep Parameters Commands Logs

Dymola
Website

=

O X

dows ¥ FH — @ X

About

Dymola

Bl | &=

eFMI Linear

- \nalysis ¥

= 9 HHEZ

-

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:

NREDEOOD-
Graphics

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

Documentation Text Simulation Tools

% v ﬂFormﬂtted B« 2cut 2 A% Normal BE: = AT = = | & =
\:] Bl info Editor &2 E3 Copy "B 4. |(Default) a: < &> = = E
ﬁ) <2 Info Source [ Paste b ¥ (Auto) v U =

Model Layer Language  Clipboard Find Font Paragraph

Libraries g x DymolaEmbedded x +

Model name... & = ‘ ¥ o] 2| support library for Dymola's eFMU generation facilities.

"~ @ Modelica Reference ~

. @ Modelica Information

i| eFMI

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

E[ DymolaEmbedded

Important: Please note the library requirements.

> o User's guide (overview, requireme.

» @ Examples

> EmbeddedConfiguration
> @ BuildUtilities

> BuiltinFunctions

> SupportFunctions

¥ SupportModels

> @ Icons

@eFMI_TestCases_EmbeddedConfiguL is regulated by the licensing conditions of Dymola; it comprises the following

Copyright

Copyright © 2016-2023, Dassault Systémes

parts:
—i'_'_"' ‘ i> » 1. eFMI related software artefacts generation and embedded source code generation
Libraries Projects facilities of Dymola (called Dymola Embedded Code Generation Facilities in the following)

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

| X

2 Windows » @ — 3 X

> dTable ~

Ed

o
[0

Tools

The DymolaEmbedded library provides documentation, common utility functions and
application examples for the eFMU generation facilities of the Dymola Modelica-IDE.

DASSAULT

DS SUSTEMES

This software component is a part of Dymola and subject to the Dymola Legal Netices; its use

B =

eFMI:

« Support library to ease adaptation of existing Modelica
models for eFMI (mostly about MSL — eFMI table adapters)

* Public domain, © MA, MAP eFMI

eFMI TestCases:

« eFMl 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 M04 (we will develop
from scratch in the following)

efm;

Functional Mock-up
Interface for
embedded systems
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Create a new eFMU generation configuration for the M04 controller:

S E S E 6D

Text Simulation Tools

File Graphics Documentation
—
98 Recent ¥ 18 Icon B ™ Undo
\b Back Diagram @ Redo
ﬁ) Forward
Model Layer History
Projects F X
Model name... & =D [v]b] =]
Lonamed ‘

> L?J extends DymolakEmbedde...

| " ” oo

> ® |

Libraries

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

Projects

2 Cut >< / Line

@ Copy "3
[T Paste Iy
Clipboard

B MyMO4eFMU  x +

© EHllipse

Algorithm Code

model
configuration

T Text
fas] Bitmap

Draw

[J Rectangle

MyMO4eFMU - MyMO4eFMU - [Diagram]

integrator
configuration

— O X
2 Windows » @ — 3 X

() Polygon £ ~ E ~ g _ED@A& g -
2-%-29-E8 & B
=

# = & B
Tools Find Variables

-

code
configuration

prerequisite
or

Dymola production
code configuration

Production Codes

CATIAESP
configurations

e

eFMU bundle
configuration

= =

Create package extending EmbeddedConfiguration:
1. File - New — Package, Name: MyM04eFMU
2. New package visible in Package Browser & Projects

(not Libraries)
Double click MyM04eFMU; switch to Text ribbon

3.
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 MyMO4eFMU.; 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:

D@E@HFEO-

MyMO04eFMU - MyM04eFMU

- [Diagram]

— O X

Graphics

By Recent ¥ {8 Icon &

Document

\:] Back Diagram
ﬁ) Forward
Model Layer
Projects
Model name... = = |ﬁ

Unnamed

&
¥ extends DymolaEmbedde..

| «

e |

Libraries Projects

Libraries Projects Components

- model_configuration in MyM04eFMU

lcon

General  Add modifiers  Attributes
Component
Name |mode|_conﬁguration ‘

Comment I)n.

Must be configured by concrete embedded-configurations (sub—packages).‘

Model

Path DymolaEmbedded.Build Utilit

Comment Model configuration: Config

Parameters

not_yet_supported l:| '

model_name l:l v

: Select Model

X

Search: ‘

= =]

Packages

ks @ MO04_DrivetrainTorque...

> @ PlantMaodels
v Controllers
Controllerinterface

'{[Eﬂ SimpleNoFeedback...

~

H[E])’ Controller

3.
> TestSetups
> @ Tests

| ok

| ‘ Cancel

moéel
e

configural

MU generation.

configuration is not yet
pected to work (empty
used toolings are requirec
s are supposed to give a
is unsupported or what is
are skipped when
erarchies (cf. 'build_all’).
ble, but will emit

e an eFMU.

’

only_clocked

Configures, whether the given model is either, (1) a system
model with clocked sub-partitions for which only code will be
generated or (2) if code is generated for the whole model (i.e.,
not only its clocked sub-partitions). If ‘true’, clock independent
model parts are ignored and will not be computed by the
generated eFMU. Using this flag, whole system models can be

Configure Dymola’s GALEC code generation:
1.

Double click model configuration
— model_name
— Edit (package tree icon)

— select eFMI TestCases
.M04 DrivetrainTorqueControl
.Controllers.Controller

— OK

— OK

Double click code configuration

— obfuscate: None

— OK

Double click integrator configuration
— sample_period: 5e-4

— solver_method: Explicit Euler

— OK efmi

Functional Mock-up
Interface for
embedded systems
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Create a new eFMU generation configuration for the M04 controller:

N2ED®®O- MyM0O4eFMU - MyMO04eFMU - [Diagram] - O X
Graphics Documentation Text Simulation Tools 2 Windows » @ — @ X
% Recent ~ 1 Icon B SDundo F<cut X Line & Polygon £ ~ [ - 5 Bl& 4 ?;l <

\b Back Diagram ™ Redo 1 Copy B O Rectangle T Text 2~ - 9~ s @ B
ﬁ) Forward [ Paste Iy © Ellipse [l Bitmap &~ H Olg & O
Model Layer History Clipboard Draw Tools Find Variables
Projects g X & MyMO4eFMU x + T
Model name... & = ‘ 7o || 2
Unnamed Algorithm Code

)
> extends DymolaEmbedde...

configuration

integrator
configuration

configuration

prerequisite
or

ke B ¢ » [

Production Codes

Dymola production
code configuration

CATIAESP
configurations

e

eFMU bundle
configuration

Libraries Projects

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

= =

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

Functional Mock-up
Interface for
embedded systems

efm;
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Investigate the eFMU generation configuration MymM04eFMU for the M04 controller:

NR2EDY®®O- MyMO4eFMU - MyM04eFMU - [Diagram] — O X
Graphics  Documentation  Text  Simulation  Tools swindows - m ~ax  All @FMU build activities are inherited from
%:k* ) :3°gm o P Z . 3; ;;dgl g::’g"” s lr; ;? ) g A; Ef" DymolaEmbedded. EmbeddedCor.lfiguration:
% Forward Gpeste W Oflipse Womap k-2 @ W & B » Available via the extends entry in the Package
Pack“:::;'mm e M?EE::; — Draw ok find eratles. Browser & Libraries / Projects view (depending if
Model name.. « >]7]k]+] configuration is write protected or not)
ED:’EEZ"“;MM ’ «  Preconfigured with eFMU generation configuration
. T » Activities grouped according to eFMI container type:
L B8 cxtends Dymotatmbece.. ‘}?o 3# ‘}b * Algorithm Code: Generate GALEC code
S clocked 20 ntearator —  Behavioral Model: Derive experiment packages to
¥ check configuration ot ommaeen enmsen configure test scenarios & tolerances; use experiment
bulld P packages to generate respective Behavioral Models
W cean " « Production Code: Generate & MISRA C:2012 check
;bhth Software Production Engineering code
}Algoﬁ'thm@de * Binary Code: Generate Software Production
, [\/] schavioralModel Epgmgermg binaries & Modelica proxies for co-
+ [ productioncode oynclaprducton omesr % simulating such; export FMU
> @ BinaryCode )
I?E}Dvm'f‘ N configuration e m i Functional Mock-up
Libraries  Package Browser Component Browser Files Diagram Filter Variable Browser Steady State » = B = Interface fOI’
embedded systems
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Generate the eFMU configured in MyM04eFMU for the M0O4 controller:

DR2EDY9®@®O- MyMO4eFMU - MyM04eFMU - [Diagram] - | X
Graphics  Documentation  Text  Simulation  Tools  Windows ¥ B — 3 X BUIId the eFMU Wlth Algorlthm COde, 2X Productlon
ecent ~ {3 Icon - = — ‘ ‘ —— . .
S r o = WMo Code and 4x Binary Code containers:
E‘/ Forward | 100% @ build build  Tree data 1. nght CIICk MyMO 46FMU . buj_ld In the PaCkage
— aver ¥ integrator o . .
pra— R code Descrption Browser / Projects view
ckage browser v [ ESP Build complete eFMU. .
Model name... « =) > [ production_codes The concrete configuration used can be interactively changed; by default th — Ca” Fu nCtIOn -

> IE] DymolaEmbedded > & binary codes package’s configuration is used. Interactive changes apply only for this very O K
- —>

build, i.e., temporarily.
> [E] eFMI_TestCases_Embe

B e | Inputs 2. You can check the build log in the Commands

v extends DymolaEmb| update true > | Configures, if the eFMU is updated or created Wl ndOW
> Clocked

:z check configuratio
) build

Configures, if CATIA ESP generated Productior

check code embedded code quality as well (MISRA etc).

Browse the generated eFMU:

Configures, if a eFMU co-simulation stub for €

. R foad binanystb build and loaded as wel. 1. Right click MyM04eFMU.browse code inthe
@l browse_code import FMU e v | Conf.igures, if a FMU, implemented based on t PaC kage B rowser / P rOJeCtS V| ew
@ ook eF-MU P and imported as well. i
- — Call Function...
> AlgorithmCode Outputs
> ' BehavioralModel — O K
build_result 4 Build success re

> ProductionCode
» @ BinaryCode

b4 E] Dymola_C OK Info . )
S T : . e m Functional Mock-up
BEa mola license will expire in 1§ days on 2023-10-14
e ] o i 18 doy I Interface for

Libraries ~Package Browser Component Browser Files Diagram Filter Variable Browser Steady State » o HEB =
embedded systems
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Investigate the generated eFMU (MyM04eFMU/eFMU):

Contained containers:
' "o . Algorithm Code with GALEC code

File Home Share

x64, 64-Bit floating-point precision Binary Code
< v B MyM. > eFMU x86, 64-Bit floating-point precision Binary Code
B Nome X64, 32-Bit floating-point precision Binary Code
* Quick access B Acode Dymora x86, 32-Bit floating-point precision Binary Code
B Documents ' B BCode ESP 850909373 1413834736 64-Bit floating-point precision Production Code
Downloads B BCode_ESP_859909373_1965730977 32-Bit floating-point precision Production Code

= Pictures B BCode ESP_1476857678_1413834736 Content manifest listing all containers

OneDrive - Personal . BCOC]E_ESP_1476857878_1 965730977
W PCode ESP 859909373

3 1P5-CBR5-CEM R —— Take some time to investigate the eFMU, e.g.:

W 3D Objects B schemas « How cross references between manifests work

W Desktop " * Quality of generated GALEC code (self-contained / inlined,

B Documents error handling of symbolic optimized linear equation systems,
Downloads local vs. global variables etc)

e m' Functional Mock-up
I Interface for

embedded systems

9items |
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Check the eFMU and its production codes:

NR@EHEOD-
Graphics

B Recent ~ @ Icon B 5 undo
\:] Back Diagram ™ Redo
I Forward
Model Layer History
Package Browser F X

Model name...

€ =2 [v]b

Documentation

(B | Mymoaermu

~

v extends DymolaEmbed...
» Clocked

i? check_configuration
build
{i clean

Bl browse_code
—

Q chack_eFMU

> @J AlgorithmCode

» | /| BehavioralModel

v ProductionCode

jﬁ check_configuration

¥ build

check code
> u BinaryCode

v

R’ 2 | 4 | B

MyM04eFMU - MyM04eFMU - [Diagram]
Text Simulation Tools
2 Cut >< / O £~ E - & Split Model _Eg (= A&
BMcopy Iy OT & ~T - @chek ~ EH S
[Biraste v © d 2 ~E H# gy
Clipboard Draw Tools

& MyMOdeFMU x

Commands @ X

o0

+

.

A
inte/grator
configuration configuration configuration

2 Windows

O
« O

Find Variables

brerequisite
for
Production Codes
ymoléz'pruduction CATIAESP
pde configuration  ¢onfigurations
eFMU bundle;

configuration

Dymola license will expire/in 18 days on 2023-10-14

et

@3 -9 X

)

"MyMO 4eFMU"
<

error_message = ""
succeeded = true

MyM(O4eFMU.browse_code () ;
= "C:/Users/CBR5.DSONE/Desktop/eFMI-Tutorial/work-directory/MyM04eFMI

>

v

Libraries = Package Browser Component Browser Files Diagram Filter Variable Browser Steady State

=3 HA £

Association

Check MISRA C:2012 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 efm i

Functional Mock-up
Interface for
embedded systems
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Congratulations, you are halfway through!

e m Functional Mock-up
I Interface for

embedded systems

eFMU generation done.

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

efm;

Functional Mock-up
Interface for
embedded systems
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Questions from the audience

For which target did we just
generate binaries?

How do | pick my embedded
target?

B - erMU

Home Share

v R < MyM.

» Quick access
E Documents
Downloads

B Pictures
OneDrive - Personal

5| P5-CBR5-CEM
B 3D Objects

I Desktop

E Documents

Downloads

9 items |

eFMU

Bl Name

B ACode Dymola

M BCode ESP 859909373 1413834736
M BCode ESP 859909373 1965730977
. BCode_ESP_1476857878 1413834736
B BCode ESP 1476857878 1965730977
B PCode ESP 859909373

W PCode ESP 1476857878

B schemas

o __content.xml

e m' Functional Mock-up
I Interface for

embedded systems
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Questions from the audience

Which kind of limitations on Modelica models exist?
What is supported (signal buses, discrete, events, state machines, ...)?

e m' Functional Mock-up
I Interface for

embedded systems
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Questions from the audience

Which kind of Modelica models / equation systems do not work?
What about very stiff systems of equations?

e m' Functional Mock-up
I Interface for

embedded systems
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Questions from the audience

What are the differences between
Dymola & Software Production
Engineering code configuration,
Dymola C code generation,

eFMI code generation and

eFMU bundle configuration?

D@EDEO© G-
Graphics Documentation

B8 Recent ~ 1 Icon

MyMO04eFMU - MyMO4eFMU - [Diagram] - O X

Text Simulation Tools 3 Windows ¥ B — 3 X

% Dundo it X SO £~ E - HsSplitModel %g Ay 9

&1 Back Diagram @ Redo McCopy | O T &~ % v @ Check ~ 2 X
> Forward IE [fapaste Iy © [ 40~ E M & B
Model Layer History Clipboard Draw Tools Find Variables
Package Browser X B MyMOdeFMU x + M

Model name...
~| | Mymodermu

h extends DymolaEmbed...
» Clocked
Xz check_configuration
build
MW cean
Bl browse_code
IR check eFMU
> AlgorithmCode
» BehavioralModel
v ProductionCode
ﬁ check_configuration
B build
[ check code
» @ BinaryCode

€ o [v]e]s]

Algorithm Code
; Q
s X H

integrator
configuration configuration configuration

equisite
for

Production Codes

» mol%mduction CATIAESP
cpde configuration configurations

eFMU bundie
configuratior
1014

error_message = "",
succeeded = true

)
MyMO4eFMU.browse_code() ;
= "C:/Users/CBR5.DSONE/Desktop/eFMI-Tutorial/work-directory/MyM0O4eFMU
"MyMO4eFMU"

Commands ™ X

(r]l = @« ®

Libraries ~ Package Browser Component Browser Files Diagram Filter Variable Browser Steady State

B = ==

Functional Mock-up
Interface for
embedded systems
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Questions from the audience

What is the * . alg file in the
ACode Dymola container of

the eFMU?

n B - erMU

File Home Share

&« v R < MyM.

» Quick access
E Documents
Downloads

B Pictures
OneDrive - Personal

= P5-CBR5-CEM
B 3D Objects
I Desktop
E Documents

Downloads

9 items |

eFMU

Bl Name

B ACode Dymola

M BCode ESP 859909373 1413834736
M BCode ESP 859909373 1965730977
. BCode_ESP_1476857878 1413834736
B BCode ESP 1476857878 1965730977
B PCode ESP 859909373

W PCode ESP 1476857878

B schemas

o __content.xml

e m' Functional Mock-up
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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:

DREDEOD-
Graphics

Documentation Text

MyMO4eFMU - MyMO4eFMU - [Documentation]

Simulation

Tools

— O X
2 Windows ~ B — @ X

% Recent ~ ﬂ Format]

ﬁ Back E nfo Ed
f\) Forward <2 Info So
Model Lay

Package Browser

Model name... < =

v extends DymolaEm
> Clocked
ig check_configuratig
8 vuild
M clean

Bl browse code

Q check_eFMU

> AlgorithmCode

>| /" BehavioralModel

¥ ProductionCode
v @ BinaryCode

ﬁ check_configurat

build
S—

- MyMO4eFMU.BinaryCode.build_binary_stub

build_binary_stub

~ B ESP
> @ production_codes

> & binary_codes

build_binary_stub Tree data

Description

Generate and/or load a eFMU co-simulation stub wrapping the eFMU
production codes generated by CATIA ESP for SiL simulation as
ordinary Modelica component.

Inputs

build_binary stub | true ~ |+

load_binary stub true ~ | *

Configures, if the eFMU co-simulation stub is ¢

Configures, if the eFMU co-simulation stub is |
the eFMU is checkd for any existing stub which
'build_result.succeeded = false'.

build_binary_stub

Libraries = Package Browser Component Browser Files Diagram Filter Variable Browser Steady State

<

Outputs
build_result Build success re|
=—Ttru=
.DymolaEmbedded menu.load libraries(); v

>

Comman

& 2 HE=Z

1. Right click
MyM0O4eFMU.BinaryCode.build binary stub

in Package Browser / Projects view
— Call Function...
— OK

A new package 'MyM04eFMU.eFMU SiL Support' is
generated. Its BinaryStub model is a Modelica proxy
to the static linked libraries — and therefore production
codes — generated by Software Production Engineering.

Functional Mock-up
Interface for
embedded systems

efm;
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Investigate generated eFMU co-simulation stub:

DRE@DTOD-

TuningBus - '"MyM04eFMU.eFMU_SIL_Support'.TuningBus - [Documentation] — ] X

Graphics Documentation Text  Simulation  Tools P Windows *~ @ — @ X
% Recent ~ ﬂFormatted B <> = >< A Normal v B x Avy = = ¥ = @ dhble -
\:] Back Bl nfo Editor <2 M3 B9 L. |(Defaul) vl ox by = == |ad
E',) Forward <2 Info Source B ¥ (Auto) u = =

Model Layer Language Clipboard Find Font Paragraph Tools

Projects 8 X @ TuningBus % +

Model name... i d | Ve | 2 Expandable connector type for provisioning runtime values used for recalibration.
Unnamed

Information

™ MyMO4eFMU
> ﬁ extends DzmoIaEmbed...

v @ ‘MyM0O4eFMU.eFMU_SIL ...

'@ BinaryStub

Extends from .DymolaEmbedded.|cons.TuningBus (lcon for tuning buses enabling recalibration, for
example the tuning buses provided by eFMU co-simulation stubs.), __Tuning (Support record type
compiling all tuneable parameters, each typed with a fitting builtin Modelica type.).

&) TuningConfiguration Contents
‘ TuningBus Type Name Description
& TuningBusSampler Inertia J M Moment of inertia [kg.m2]
Real Ni_PI Ni*Ti is time constant of anti-windup compensation
ProductionCodes Real Ti_PI Time constant of Integrator block
Real c_res Resulting stiffnes for road and powertrain

resolve_code_configurati...

@ resolve interface

~1((1/c_mu)+1ic)
Damping constant [N.m.s/rad]

RotationalDampingConstant|d_res

Real f_cut Cut-off frequency
Real gearRatio |Gear ratio
Real k_PI Gain of controller
Real k_accCor |Gain value multiplied with input signal
Real tauM_max Max motor torque
= & ¢ P F | Name: TuningBus
Libraries Projects Path: '"MyM0O4eFMU.eFMU_SIL_Support'. TuningBus

Mmoo Pl e a O DOE ROARME M anlban aTE AL Tobmrial bl divontoae dh AR AAA AFRAL LI

Libraries Projects Components Files Diagram Filter Variable Browser Steady State Sweep Parameters = HEB £

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 live-cycle)

Functional Mock-up
Interface for
embedded systems
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Derive experiment package to define test scenarios & generate Behavioral Model container:

= & = build_tests - MyMO4eFMU.BehavioralModel.build_tests (Read-Only) - [Documentation] - [l Pl
y Y,
Graphics Docun : MyMO04eFMU.BehavioralModel.build_tests Aolm—ax
% Recent ~ ﬂFormattec buildtests Table ~
\','J Back & nfo Edito
D ipti
E',/ Forward €2 Info Sour eseription
Derive from an existing model an experiment-package defining the test
Model Layer scenarios of a Dymola-administered Behavioral Model container. Each eBlock c
Package Browser defines one test scenario of the Behavioral Model container. The generated A
Model name... & =4 package can be used to add the respective Behavioral Model container to the fa =
TE] eFMI TestCases Embed eFMU (i.e., generate reference results and manifest) and to snario of
- - software-in-the-loop (Sil) test the CATIA ESP production codes of the eFMU. pective
MyMO04eFMU 2st) and
Inputs
extends DymolaEmbe: <
) The model| [ Select Model
N Clocked source_experiment |:|' cecenarios
Confi Search: | & = ‘
jg check_configuration replace 8 oniigures
the experin Packages Al
Wi build — odelica
’i dlean Outputs V@ M04 _DrivetrainTorqueCo. ||
. , Build success re » PlantModels
Bl browse code build result |:| information. @
Q check eFMU b4 Controllers
4 % s for
B
¥ AlgorithmCode oK Info TestSetups B
~ " | BehavioralModel ‘ ‘ ‘ [experi ’ @ Tests ot. :
U build test v ReferenceTests
(#l| build_tests Outputs =
"2 ProductionCode () Controller_ExplEuler
pe | Name @ Controller_ExplEul
> @ BinaryCode BuildResult|build_result|Build success repo s e | PP
’ E] Dymala_C .| Name: build_tests (o]¢ Cancel
Path: DymolaEmbedded.EmbeddedConfiguiauormoerarorammoasrmramau
ﬁ ¢ » » Filename: C:/Users/CBR5.DSONE/Deskton/eFMI-
» sg@EEZ

Libraries Package Browser Component Browser Files Diagram Filter Variable Browser Steady State

Derive experiment package from existing closed loop

experiment:

1. Rightclick MyMO4eFMU.BehavioralModel
.build tests in Package Browser / Projects view

— Call Function...

— source_experiment

— Edit (package tree icon)

— Select eFMI TestCases

.M04 DrivetrainTorqueControl
.ReferenceTests

.Controller ExplEuler ClosedLoop
— OK

— OK

Functional Mock-up
Interface for
embedded systems
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Investigate the derived experiment package:

EGZ :: og;:;h::)e:MU:i::I_Tes;icniztle;::4_DriT\;e:::inTorqueControl.ReferenceTests.ControlIer_Ex..;El W;dowslivl ) _><ﬁ ) The gener ated experimen t package contains:
ByRecent ~ Wlcon B PUndo 3<cit X Slne  Oroygon £~ E - & S[E 4 4~  Records to define absolute & relative tolerances for
i IE:Eack d  Redo E{;Eoiy ;S S:t:tangle ;;ext i : E - - test Scenarios

o — | ey | o | e e B7F S « Function to generate the Behavioral Model container
s e 8 X © MyMO4eFMU:FM| TestCases.M04 DrivetrainTorqueCon * Function to browse the Behavioral Model container
osdrene. ¢ = I « Asingle reference experiment to regression test thej%
- (88 mymosermu v source experiment and generate reference results

> extends DymolaEmbed...

> B3] ‘MyMo4eFMU.eFMU SiL ..

» | A SIL test for each "controller” instance (i.e., test
scenario) in the source experiment

; Z:::guration:.MyMOﬁL.. 7/ / _ - QE >
/’ 7 O & o LT

inferator
BuldUti

Scenario 1: controller

Bl browse_container
P—

A

Scenario o ;

controller

" W_mota
W_desi M_mot

@ Test_ReferenceExperiment /
e

i@ Test_Sil_Scenario_1

eBlock a

=

A

=

Dymola license will expire in 17 days on 2023-10-14

| e | — e m' Functional Mock-up
. I Interface for

Libraries Projects Components Files Diagram Filter Variable Browser Steady State Sweep Parameters » = [ = =4
embedded systems

© 2023 Modelica Association | www.modelica.org | CC BY-SA 4.0 30



Modelica
Py

Association

Define tolerances for the test scenarios of the experiment package:

.I E(:ny oD@='Myh:(:leFMU:iF:II_Tes;Cas:Ies:VIUZl_DriTvet:ainTorqueCOntrol.ReferenceTests.ControlIer_Ex..;El W.*d ] i le ) D8f|ne absolute and relatlve t0|erances for a” ﬂoat”’]g_
|e raphics ocumentation e imulation ools indows ~ - . L . ] .
Brecent * Wlon B DUndo cw X Slne  Obopgon £ E v % B[E % H- point precisions and test scenarios (i.e., SiL tests). We
;}”““ ( fedo e ;S £ Rectangle ;T@“ f E ’ %‘8 g: g can use a default for all scenarios (here only a single):

Forward 100% v Paste O Ellipse Bitmap N = H

Model Layer History Clipboard Draw Tools Find Variables 1 DOUbIe CIICk to le rance S_de faul t (Iabeld
Projects - " ”E'”X| B 'MyMO04eFMU:eFMI_TestCases.M04_DrivetrainTorqueControl.ReferenceTests.Controller Fx; € b~ defau |t) |n D|ag ram VleW Of the experlment package
Model name... &= AT NI

Unnamed — set tolerances for M motor output a follows

~ B8] mymosernu /N absolute_x32
> extends DymolaEmbed... ! ‘ d f I t re 1 at lve X 3 2
> F] ‘MyMO4eFMU.eFMU Sil. .. a e a u absolut e:x 64

relative x64

M motor=le-3)
M motor=le-4)
M motor=le-o6)
M motor=le-8)

~ o~ o~ o~

25 configuration = .MyMO4...

build — OK

Bl browse_container ./ -
;ED Test_ReferenceExperiment V S ce n a rl 0 1 :

: 7 controller

@ Test_Sil_Scenario_1

Dymola license will expire in 17 days on 2023-10-14

T e m " Functional Mock-up
. I Interface for

Libraries Projects Components Files Diagram Filter Variable Browser Steady State Sweep Parameters » = [ = =4
embedded systems
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Generate Behavioral Model container form the experiment package:

0 s

Graphics Documentation Text  Simulation  Tools P Windows *~ @ — @ X

DREDHEQ 0 = build - "MyMO04eFMU:eFMI_TestCases.M04_DrivetrainTorqueControl.Referencelests.Contr...  —

% Recent ~ ﬂFormatted B <> = >< A Normal v B x Avy = = ¥ = @ dhble -
{1 Back E Info Editor &> [ B9 ot |(Default vl ox B = = = [l
E',) Forward <2 Info Source B ¥ (Auto) u = =
Model Layer Language Clipboard Find Font Paragraph Tools
Projects g X % pbuld x + -
Model name... i d | W | I0 | % | Build the Behavioral Model container administered by this experiment package.
Unnamed Information
M MyMO4eFMU
-, . .
> extends DymolaEmbed... = MyMO4eFMU:eFMI_TestCases.M04_DrivetrainTorqueCaontrol.ReferenceTes... >
. . E )
> . \
) MyMOseFMU.eFMU SIL ... 3 buid o parts
v "MyMO4eFMU:eFM|_TestC... t —
escription
M . Build the Behavioral Model container administered by this experiment
* build 7+ package.
Bl browse_container Outputs

:@ Test_ReferenceExperiment succeeded I:| . Whether the build succeeded or failed.

)"ZE) Test Sil_Scenario 1 error_message l:l ' Error message in case the build failed.

CTNM=TZ |[nlm 0O

oK Info Copy Call Execute Close

br_ExplEuler_C

e = & P ]

Libraries Projects

4

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

=3 H8 £

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

e m' Functional Mock-up
I Interface for

embedded systems
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Investigate the generated Behavioral Model container (BModel Dymola 699250432):

n B - | BModel Dymola_699250432

File Home Share View

i eF... BMod...

3 P5-CBR5-CEM B Name
" 3D Objects ™ manifestxml
B8 Desktop B Scenario_1.csv
E Documents
Downloads
Music
BH Pictures
L5 Videos
i WINDOWS (C)
m# DATA (E)

= SHARE (\\dell923cem) (:

2items |

Container content:
» XML manifest with
« Test scenarios
* Links to Algorithm Code manifest for variable names
and types (in-, output, tuneable parameter) & sample
period
« Variables — CSV column name links (multi-dimensions
are flattened to individual columns)
» Tolerances for various floating-point precisions
Reference trajectories in comma separated values (CSV)
files (one file per test scenario)

Take some time to investigate the manifest and CSV file.

e m' Functional Mock-up
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Conduct SiL test of Software Production

I ocumentation

DXES

FOp-

Test_SiL Scenario 1

Graphics Text§ Simulation | Tools Options Layout 3 Windows ~ &
Alg: Dassl b Continue ~ @ g »
E,“?‘I Linearize @ v Q & i i
Animation
s Save in Model ﬂ Control ¥
Scripting Simulation Tools
Variable Browser g X
e == | &Pt ERFeEeg BESEa =]
~ 'M_motor|match’'
act - 'M_motorjmatch'act - ‘M_motor|| % Test_SiL Scenario_1 % + e
+1E-4

ref

O min_

O max, +8E-57

O inTolerance .

O result +5E-5- -

O expect

[ enable fe

O skip_check +4E-5

[ tick_start

O tol_tick +2E-5-

> cfg
. la | I 174 2023-10-14
Ol tick I: Dymola license will expire in ays on
+ check equal 2483279+ 1
-4 0.22594 +1E-4 +2E-4
[ tol_rel
[ tol_abs
simulateModel ( &

<

[ change_tol_rel
[ change_tol_abs
> 'M_motor|table’

Te-

4 ‘

v

filter variables

hd || More >>

Libra...

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

Proj...

Variable Brow...

Commands X

" 'MyMO4eFMU:eFMI TestCases.M04 DrivetrainTorqueControl.ReferenceTest
stopTime=30, - -
resultl!‘ile:"Test_SiL_Scenario_l") ;
= true
plot ({"'M motor|match'.act","'M motor|match'.ref"}, colors={{28,108,2(,
< >

= 908

Engineering generated production codes:

1. Double click Test SiL Scenario 1 of the
experiment package in Package Browser / Projects

view

2. Switch to Simulation ribbon
— Click Simulate button
3. Rightclick 'M motor|match' in diagram plot

— Plot Variable

— select act (actual SiL simulation trajectory)
— select ref (expected reference trajectory)
4. 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 fail.

efm;
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Conduct SiL test of Software Production Engineering generated production codes:

DRE@DTOD-

Graphics

Options Layout 3 Windows ~ &

Test_Sil_Scenario_1

Documentation Text Simulation Toals

@ - %%~ = Alg: .
2- © I —~| How do we know and change which
R Q sopho s production code is tested?
Scripting Simulatien Too
Variable Browser g X
Variable Value * @ Plot [1%] e de f inin g_C O de
~ 'M_motor|match’
act e, Mmemaiae - umof  pArameter selects
ref H
o production code to
O max_ +8E-5
O inTolerance teSt
O result +6E-5- ot
O expect
O enable fe v @ ‘MyMO04eFMU.eFMU_SIiL_Supp
O skip_check
O tick_start BinaryStub
O tol_tick E Y
: Ic]fgtick I: w Tuningconﬁguration Dymola license will expire in 17 days on 2023-10-14
> check_equal TuningBus
[ tol_rel —
Otol abs =4 TuningBusSampler
[ change_tol_rel Te- x vetrairn
[ change_tol_abs %4 ProductionCodes resolve
> 'M_motor|table’ =
5 resolve_code_configuration COde name —
filter variables v || More >> | E . i
Libra... Proj..  Variable Brow.. & @ resolve_interface (6{0) nf| g u rat| on
Libraries Projects Components Files Diad Parameters o o = O =

1. Double click Test SiL Scenario 1 of the
experiment package in Package Browser / Projects
view

2. Switch to Simulation ribbon
— Click Simulate button

3. Rightclick 'M motor|match' in diagram plot
— Plot Variable
— select act (actual SiL simulation trajectory)

— select ref (expected reference trajectory)
4. 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 fail.

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.

efm;
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Load prepared recalibration & reinitialization example for M04 controller:

Oy T HE® Q - RecalibrateAndReinitialize Test - RecalibrateAndReinitializeTest - [Diagram] — O X 1 . Elther’ drag and drop mOdeI

Graphics Documentation Text Simulation Tools @ Windows ¥ B — O X

ecent ~ B Icon B Sundo 2=cut X Line (& Polygon £ - £ ~ g =1 C K i::l' reference_mOdelS/Part_B/
€ o |RiDagam|  MRedo DMCopy W DlRecange Tt »>-H- @-@8 & B RecalibrateAndReinitializeTest.mo in
E:) Forward @ Paste Wy O Ellipse ad Bitmap ‘ﬂ 4 # % 9%\ 5 . . . .
Model Layer History Clipboard Draw Tools Find Variables PaCkage Browser / PrOJeCtS VIeW Or Ioad It Vla
;fOiEleS — | g ?'D ’f RecalibrateAndReinitializeTest % + - Flle —_— Open — Load_ o
ke B
» 8 extends Dymolagmbedded.. % R 1 The model has 4x M04 controller instances (eFMU co-
‘%“;WO‘;“F:‘”-GW”-S“—5”"“" — t simulation stub instances):
inaryStu y untune unings . . ... R
ot B ﬁ - 1. untuned: not modified, recalibrated nor reinitialized
Tuninggus 2. parameterized: modified ¢ res & k PI
&% TuningBusSampler Lo el parameters, but not recalibrated nor reinitialized
Pr"dl”d'“;“‘"sf ) "\ ng 3. tuned: unmodified, but via tuningBus runtime
—=| resolve_code_configuration =05 Hz h .
eoe o sept recalibrated ¢ res & k PI parameters
[y resolve. _ _
> (B3] MyM04eFMUeFMI TestCases... sine’ | 4. tuned_and_reinitiali zed: like 3, but
s additionally at runtime reinitialized
G RecalibrateAndReinitializeTest 1Hz j DOTE%TQNE
starflime=___ .
B2 jd"M e m i Functional Mock-up
Ioraries rojects Dymola license will expire in 17 days on 2023-10-14
Libraries Projects Components Files Diagram Filter Variable Browser Steady State Sweep Parameters > = HE = Interface for
embedded systems
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Investigate recalibration & reinitialization example for M04 controller:
(o - calibrateAndReinitializeTest - RecalibrateAndReinitializeTest - [Diagram - .
QG?phics@gcumentatio:E I:»cttA cSiiRr:ul::titl:mT tTO:Z P e %Windowsm' il —Xﬁ X AII 4 ContrO”erS use the same prOdUCtlon COde for
Bpecent ~ Wion B Dundo cut X Slne  Opoygon £+ F - & DG % W~ simulation (_ defining code modification set by the
iﬁack d S Dogam | ¥ Redo e | e Lo ‘*’ E' = i‘ g global record parameter in the upper left of the
Forwar __100% v Paste Ellipse Bitmap N T .
Model Layer History Clipboard Draw Tools Find Variables d Iag ram) .
Projects g x RecalibrateAndReinitializeTest % + v
Model name... & =D | V| lo| & .
(88 vymosermU Turing & producton | - ptamctr The ¢ _res & k_PI parameter changes are all switches
[ extends Dymolsembedded... iﬁ 1 from the default value to the same new value, just at
‘%WMO““FM”-GWU—S“—5”*’“-- __ t ,; different time points (as modification before simulation
BinaryStub uniune: Unings . . . . .

5 Tematontanaton ,ﬁ - or as recalibration during simulation):

& Tuningus * c res:4710 - 2710 att=0s or 0.25s (step

=& TuningBusSampler sine tuned ru ntlme Value)
d ProductionCodes " funingBus 1
S /\/ ng * k PI.-73—> -10att=0sor0.6s (stepl runtime
resolve_code_configuration f=05H H . p
@ resolve_interface = Ik_PI Value)
> ‘MyMO4eFMU:eFMI_TestCases... sinet . J

Unnamed - Reinitalization is done at t = 0.7005s (booleanTable
G RecalibrateAndReinitializeTest 1Hz . pooleantable .
[ [ =t runtime value).
S '

EEENEE == e m i Functional Mock-up

ibraries rojects Dymola license will sxpire in 17 days on 2023-10-14
Libraries Projects Components Files Diagram Filter Variable Browser Steady State Sweep Parameters » = HE = Interface for

embedded systems
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Investigate recalibration & reinitialization example for M04 controller:
NXEHSEE Q - RecalibrateAndReinitialize Test - RecalibrateAndReinitializeTest - [Diagram] — O X . - . . . . .
Graphics Documentation Text Simulation Tools @ Windows ¥ B — O X Tunlng IS enabled by mOdIfyIng CO-SImUIatlon SUbS
B8 Recent ~ 4 Icon B Sunde 2<cut X Line Orolygon £~ E~ B o= A - ¢ _enable_tunlng = true
\:] Back Diagram @ Redo ™Y Copy By O Rectangle T Text &~y - G- 2 @ B ° 1 1 1 i
N A o e D BB & O selecthg/actlvatlng the tuqed parameters via
Model Layer History Clipboard Draw Tools Find Variables _tun 1 ng_con f 1 gu rat 1 _C)I-_l
Proket e gy | i ¥t - = The tuning bus connector (¢.:.7) is enabled.

Tuning & production parameteri ..
~ B Mymoermu CO0gEaatamEatOnS
b extends DymolaEmbedded....

~ @ ‘MyMO04eFMU.eFMU_SIL_Supp...

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

tuned_and...

ﬂ BinaryStub /- untuned tunifigs
% TuningConfiguration %ﬁ

TuningBus

=& TuningBusSampler sine

ProductionCodes /\/%
f=0.5Hz

resolve_code_configuration
@ resolve_interface

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

B wysosesraeristCoses.. sinet In this model: Tuneable parameters are selected by the
aumm /\/ g global tuning configuration record parameter
RecalibrateAndReinitializeTest ThHz ooleanTable —_— —

[ . in the upper left
startme=. ' of the diagram.

S T " Functional Mock-up
Libraries Projects Dymola license will expire in 17 days on 2023-10-14 I I nte rfa Ce fo r

Libraries Projects Components Files Diagram Filter Variable Browser Steady State Sweep Parameters » i HE =
embedded systems

© 2023 Modelica Association | www.modelica.org | CC BY-SA 4.0 39



N

Modelica
# Association
Investigate recalibration & reinitialization example for MO4 controller:
Sl - calibrateAndReinitializeTest - RecalibrateAndReinitializeTest - [Diagram - = e - - . - -
QGraphics@gcumentatio:E I:»cttA cSiiRr:ul::titl:mT tTO:Z P B %Windowsm' 3l —Xﬁ X Relnltlallzatlon IS enabled by mOdIfyIng eFMI CO-
%Recent ~ {3 Icon B Sundo 2=cut X Line (& Polygon £ - £ ~ g =1 C K ?;:l ¢ SImUIatIOn SUbS.
{1 Back B Diagram @ Redo [y Copy " [ Rectangle T Text - @-EH=2B @ B ° enable relnltlallzatlon = true
E:/ Forward [fhPaste Iy © Ellipse ad Bitmap ‘ﬂ 7 # ™ 9%\ B o « _ ” .
Model Layer History Clipboard Draw Tools Find Variables = The Stop pUSh bUtton (.) IS enabled-
Projects g x RecalibrateAndReinitializeTest % + v
Model name... &= f.>|\? o = - - oL ) . ) )
~ 88 Mymosermu Igg'g%gnﬁgifgﬁgﬁg parameter.... New reinitialization requests are prowded as runtime

&

» extends DymolaEmbedded....

~ @ ‘MyMO04eFMU.eFMU_SIL_Supp...

values connected to the “stop push button”. Such are

tuned_and...

B :g __ — locked until the next sampling; it is sufficient to signal at
inaryStu ¥ untune it . . . . agw . .
39 TuringConfiguraton * ,ﬁ . any point inbetween two samplings that a reinitialization
& TuningBus IS requested — it is not necessary to ensure
=& TuningBusSampler /\/ e ] reinitialize == true exactly atthe sampling.
ProductionCodes > = GBI u:“n. :JS o
resolve_code_configuration =05 Hz t 51“9:3 C j
ep
@ resolve_interface k_PI
> ‘MyMO4eFMU:eFMI_TestCases... sinet j
starfTime=_..
Unnamed
G RecalibrateAndReinitializeTest 1Hz jei DOTE%TQNE
startTime=__. :
B2 J-;M e m i Functional Mock-up
lbranes rojects Dymola license will expire in 17 days on 2023-10-14
Libraries Projects Components Files Diagram Filter Variable Browser Steady State Sweep Parameters » = HE = Interface for
embedded systems
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Investigate recalibration & reinitialization example for M04 controller:

N3 ESD @ E 9% RecalibrateAndReinitializeTest - [Plot [1*]]

— O X
Simulation Tools Options Layout @ Windows ¥ B — O X

Graphics Documentation Text
New Plot ~ % New Diagram ~ Reset Layout D H > @ h ]_, Signal Operator = £ ~ E - E -
@ New Table E Rescale All Generate ™ ]:I ||§| ] Expression = %
Close All Q, L T Text - v pa
Window Diagram Draw Appearance Object
Variable Browser g X —— parameterized.M_motor —— untuned.M_motor —— tuned.M_motor —— tuned_and_reinitialized.M_mot
140
Variable Valug”
~ - RecalibrateAndReinitializeTest 130 —
> _defining_code 120
» _tuning_configuration
» sine 110+
> sinel
. step 100-
> step1 a0
» booleanTable
> tuningBus 80+
> untuned
. 70+
> parameterized
el 60
~ tuned_and reinitialized
_ recalibrated 50+
m __error_signa sﬁeca Tbrate 204
O _ error_signals_Reinitialize
O _ error_signals_DoStep 30—
[1 _assert_error_signals
O _embedd dock 20
[0 _sampling_period 10
O _enable_tuning e
< > O I L
filter variables hd “ More >> — — — \
-10 T T T T T T T T T T T T T T T T
Libra... Proj.. Variable Brow... 0.00 o_|25 o_|50 0_{(5 1_60
Libraries Projects Components Files Diagram Filter = Variable Browser Steady State Sweep Parameters » = [ -

Simulate RecalibrateAndReinitializeTest
Plot M motor of all 4 co-simulation stubs

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

hwnNE

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 PTatt=0sor0.6s (stepl)
Reinitalization at t = 0.7005s (booleanTable)
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Investigate recalibration & reinitialization example for M04 controller:
NAED E OO Recoibratepaieinilialzeless o plos 12, IO -

Libraries Projects Components Files Diagram Filter = Variable Browser Steady State Sweep Parameters » = [ =

Gaphice  Documentation Bonus question: . 1. Simulate RecalibrateAndReinitializeTest

£ New Plot ~ 2 New Diagram = Re d ' 2. PlotM motor of all 4 co-simulation stubs

T ew Table ERGZC:"’A" “! Why can Dymola not generate — to be 3. Plot recalibrated (true, iff recalibration done)

Window | precise it makes no sense — Behavioral | 4. Zoom into the plotat 0.0 <t<1.05

‘\’j’i_“*;'l‘*“'““”“*’ :‘I’i Model containers with recalibration and }*

RecalbrateAndReitalzeTes reinitialization test scenarios? When do parameterized and tuned plots align?

g otation Think about Modelica limitat g When does untuned align? Is the controller fast

Jane ink about Modelica limitations an . .

+sine . adapting in case of errors that require a system restart?

*step chicken-egg problem.

> step1 N

o ] Good to remember:

S ro- « All controllers use same production code

e ant sl 801  c res & k PI parameters change consistently:
recalibrate 50 ° )
;:e,m'rf’s?gljsﬁe.ca.ﬁpr?te N c res att=0sor0.25s (step)
S 2] * k_PIatt=0sor0.6s(stepl)
O_sssetomorsgmals [ ||  Reinitalization at t = 0.7005s (booleanTable)
| 7samp|in§;period 10-
O _enable_tuning v

< > O I L

ﬂ\t&?rvar'\ables : \’“ More >> 10 S S S N N ) O O ‘\ - Functional MOCk-Up

Libra... Praj... Variable Brow... 0.00 0.25 0.50 0.75 1.00 I Interface for

embedded systems
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Final touch — export eFMU as FMU:

build_FMU - MyM04eFMU.BinaryCode.build_FMU (Read-Only) - [Documentation] —

DFEIFOD-
Graphics Documentation Text

Simulation Tools

3 Windows ¥ B — @ X

O

P

Libraries = Package Browser Component Browser Files Diagram Filter Variable Browser Steady State

B8 Recent ~ [l Formatted & <> < 2 A Normal ¥ B x | Ay =E E | £ = @ Hhble ¥
\:] Back Bl nfo Editor <> @ B9 ¢ |(Defaulf) ML x| A&y = = | = [l
E:) Forward €2 Info Source B ™ ¥ (Auto) U = e=
Model Layer Langud m MyMO04eFMU.BinaryCode.build_FMU X
Package Browser 7 x -
Model name... = = | 7| lo| a build_FMU P Binary
v extends .DymolaEmbedded.... Description
> Clocked ﬂ] Generate and optionally import a FMU implemented by the binaries of the
CATIA ESP Binary Code containers linked by the eFMU co-simulation stub.
iﬁ check_configuration
build Inputs "
) . L alities
fi dlean import FMU | e + |» Configures, if the generated FMU is imported as
well.
Bl browse_code
Outputs
K check MU Build t compiling al relevant build
. . uild success report compiling all relevant bui
b4 AlgorithmCode build_result I:l information.
» BehavioralModel
* ProductionCode OK Info Copy Call Execute Close
v @ BinaryCode
heck i G Name: build_FMU
% check_configuration Path: DymolaEmbedded. EmbeddedConfiguration.BinaryCode.build_FMU
a build Filename: C:/Users/CBR5.DSONE/Desktop/eFMI-
Tutorial/Dymola/Modelica/Library/DymolaEmbedded
build binary stub 1.0.ngmbeddedConﬂguratioNBmaryCode,'bqu_FMU.mo
Version: 1.0.2
* build FMU Uses: Modelica (version="4.0.0"), eFMI (version="1.0.1"), DymolaCommands (version="1.16"),
—— ModelManagement (version="1.3.1"), Testing (version="1.7.0")
(= | =] @« [ B [ ®

= 8 0B =

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.e.,

__enable tuning = false,

__enable reinitialization = false
Error signals: asserted, i.e.,
__assert error signals = true
Internal sampling: embedded & fixed, i.e.,
__embedd clock = true
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Congratulations, you did it like a PRO!
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Questions from the audience

Assume my embedded target platform provides functionality | like to reuse.
How do | link it to my GALEC / production code?

How can | interface existing C code / binaries in my controller?
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Questions from the audience

What is the minimal setup | need, starting from Dymola?
Which eFMU containers are optional?
Which eFMI features are optional?
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Questions from the audience

We used a lot of Modelica
libraries.

What are all the eFMI libraries
loaded in Dymola good for?

NR@EDEE o 5 Dymolakmbedded - DymolaEmbedded (Read-Only) - [Documentation] - O X
Graphics Documentation  Text Simulation  Tools & Windows ¥ B — @ X
% hd ﬂFﬂrmaﬂed =) ﬂ < Cut X A Normal v B x Ay = BE £ = @ HOTable v
& Enforditor € = B Copy ¥ % |(Default) v ox By = == bl
f‘) <2 Info Source [T Paste ¥ (Auto) v U =
Model Layer Language  Clipboard Find Font Paragraph Tools
Libra & x DymolaEmbedded % + 52
%uuu eFMI:
> 972| Modelica . . .- .
—— « Support library to ease adaptation of existing Modelica

eFMI_TestCas

E DymolaEmbedded
s guide (overview, requireme.

@ Examples

> EmbeddedConfiguration

> @ BuildUtilities

> BuiltinFunctions

> SupportFunctions

> SupportModels

> @ Icons

eFMI_TestCases_EmbeddedConfig

— K I

Libraries Projects

L
Libraries = Projects Components Files Di

models for eFMI (mostly about MSL — eFMI table adapters)

eFMI TestCases:

» eFMIl application examples used for official cross-checks of
eFMI tooling; Modelica tooling agnostic

DymolaEmbedded:

» Interface for Dymola’s eFMI facilities

eFMI TestCases EmbeddedConfigurations:
- eFMU generation configurations for eFMI TestCases
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Congratulations, you did it like a PRO!
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eFMI® Tutorial — Agenda

Part 1: eFMI® motivation and overview (40 min)
Part 2: Running use-case introduction (10 min)

Part 3: Hands-on demonstration in Dymola and

Software Production Engineering (former name CATIA ESP) (25 min)
Coffee break (30 min)

Part 3: Hands-on demonstration in Dymola and

Software Production Engineering (former name CATIA ESP) (35 min)
Part 4: Live demonstration in TargetLink (30 min)

Part 5: Short presentation of further tooling (5 min)

Part 6: Conclusion (5 min)

Association

Tutorial leader:
Christoff Blrger

/- passauLT
LD SUSTEMES

Presenter:
Oliver Lenord

) BOSCH

Invented forlife

Presenter:
Jorg Niere
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