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Support Package - FMU Builder for Simulink

Existing Standalone FMU Export Features from Simulink Compiler and New Standalone
FMU Export Features Moving into FMU Builder Support Package

Simulink Compiler (up to 2023a)
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Support Package - FMU Builder for Simulink

Existing Standalone FMU Export Features from Simulink Compiler and New Standalone
FMU Export Features Moving into FMU Builder Support Package

Simulink Compiler FMU Builder for Simulink

Standalone Applications MATLAB Web Apps Language-Specific Libraries Standalone FMUs

.exe
‘ A= | T ‘I | @
. ﬁ vyYvmYy & e JAR " Functional
=t : -fl I I I Mock-Up

* FMU Builder support package has license
dependency on Simulink Compiler

Link to the FMU Builder support package



https://www.mathworks.com/matlabcentral/fileexchange/135306-fmu-builder-for-simulink

| & MathWorks
Support Package - FMU Builder for Simulink
How would you find the support package?

- If the support package is not installed, an error message during FMU export will prompt the users
to install FMU Builder Support Package via Add-On Explorer.

SIMULATION
- - 1 1 -
oL Ciopen - | EE Stop Time = e e e W22 8N Dl2Q00SHCS,
s .. \ ' I I
New [ B 52 [= Liheane E . . . . . . I
- | save | FMU export reguires FMU Builder for Simulink support package. To install this support package, IJSE‘ the Add-On Explorer.

_| [ sawe Ctr+s | | :
§ & SaveAs.. § Compaonent: Simulink ':afE:gCr}": Model error S |
=
2
@

o
2 VIEWMARK
n Save Vi k 2
e Viewmarl ) =3
i Capture model's current view for future access ElesT i =
4\ Add-On Explorer - [} X
EXPORT MODEL TO Contribute Manage Add-Ons
- Protected Model...
Create an IP-protected copy of this mode
7] Template... FMU Builder for Simulink )
== Create reusable template from this model by MathWorks FMU Builder Team 75 Downloads
. ) Updated 13 Sep 2023
= Standalone FMU... Create standalone Functional Mock-up Units (FMUs) from Simulink models and C/C++ source code
= Export model to Co-Simulation Stmﬁ; Functional Mock-up Unit (FMLU)
: 4\ MathWorks Optional Feature g
Simulation App...
el R Qverview Reviews (0) Discussions (0)
& Previous Version...
== BT I I T I ST Create standalone Functional Mock-up Units (FMUs) from your design with FIMU Builder for Simulink support package. The Requires
generated FiMUs can be configured to be compliant with either EIvil 2 or EMI 3 specifications @ simulink
With FIMU Builder, you can: © WATLAB Compiler
@ simulink Compiler
= Create standalone FI4Us from Simulink models or C/C++ source code
» Create nested FMUs MATLAB Release Compatibility
- = Use Structurad /O Signals and Runtime Tunable Parameters Created with R2023b
- Compatible with R2023b
Lo = Validate Exported FMUs
» = Integrate your Simulink model with third-party simulation environments Platform Compatibility
o (%) Windows [] macO$ (Apple silicon)
Ready 100% VariableStepAuto For more details on capabilities for this support package, please visit: https://www mathworks com/products/fmubuilder himl
(%) macos (Intel) [+] Linux
. 10 T. h

Link to FMU Builder support package 6
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FMU Import Block

i

ES Simulink Library Browser

<& FMU

Simulink Extras/FMU Import

=8| Eel >
ML R g R

>

> HDOL Coder
> Morphee Target Block Library
> Simulink 3D Animation
> Simulink Code
Addibonal Discrete
Additional Linear
Additional Lookup Tables
Additional Sinks
Hio Hop
neartzation
Transformations
Stateflow
Recently Used

m

1

FML
Import

FMU

Unspecified FMU
Import P

Block Pararmeters: FMU
Inverter [Co-Simulation, v2.0]
FMU Block

Wrapper FMU generated from SYNECT Model Management project 'DENSO Blackbox Components' for

VariantConfiguration 'n.a.".

Parameters | Debug | Input | Output

Search parameter:  Filter by name or description
[C] Case sensitive

12 parameter(s) found

[C] rRegular expression support

Description Parameter
Maximum allowed inverter temperature Tmax_Inv_K 0
Max. Battery Output Power Pmaxout_Bat_W 0
Number of pole pairs n_pole_0 o
BackEMF Voltage characteristics Uemf_V_m 0
Number of phases n_phases_0 0
Motor Type type_mot 0
Excitation Circuit Parameters exit_param 0
Coolant Medium type_coolant 0
.‘jpi'nirnndurtnr Tune - twne semiconductor 0

»

Value

m

}

[

OK H Cancel H

Help

Apply

FMU name:

Block Parameters: FMU

Implement block using FMU. Specify the FMU name.

OK ][ Cancel H

Help

)

=3

Apply

& MathWorks

R2017b

— Version FMI 1.0 & 2.0

Supported FMU types:
— Model exchange

— Co-Simulation
Cut
mywdp
Cutd
vanDerPaol

P

4 FMU Mode Selection

E=R(Eol =™

9 The FMU contains both Co-Simulation and Model Exchange. Specify mode:

. Co-Simulation | ’Hndel F_x-:nange]
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FMU Import Block 2021

Block Parameters: FMU b4

| L Enter Search String |

BooleanNetworkl [Co-Simulation, v2.0]

FMU Block
Demonstrates the usage of blocks from Modelica.Blocks.MathBoolean

Open FMU Documentation File

FMU block is now more customizable

Parameters Simulation Input Output

= Enabling you to:

. . . |Fi ter by variable name |
— Hide or display block input and output ports.
— Customize the FMU block interface for different model ' '
step
needs.
— Restore to default block layout. o _ —— ~
— Set the start value for input or local variables. = —= - -
— Edit the start values of local variables. Q
Ql

— Expose local variables as output signals. & interrl Variables

showValu... [
andlu[l] O
andlu[2] [ v

Restore output to default settings

OK Cancel Help Apply




FMU Import Block

Import FMUs implemented in FMI 3.0 standard

Supported FMU types:
— Model exchange and co-simulation

Supported Simulink simulation mode :
— Normal, Accelerator

Supported FMI v3.0 features:

— New datatypes: float32, uint8, int8, uint16, intl6,
uint32, uint64, int64, boolean, string (scalar only)

— Support for vectors and matrices variables
— Support for event mode in co-simulation
— Support for binary type

&\ MathWorks'

2023

Block Parameters: FMU A X

fmi3_add mult _arrayOfBus_1|[Co-Simulation, v3.0]

FMU Block
(FMU does not have a description.)

Parameters  Simulation = Input  Output

Co-simulation settings

v Enable event mode

Communication step size (-1 for inherited): -1
Debugging

Open FMU Working Directory...

Enable FMU debug logging Redirect debug logs to:

OK | Cancel Help

10
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R2023b

FMU Import

FMI 3.0 Numerical Datatype



FMU Import Block

Float64, float32, uint8, int8, uintl6,
iNnt16, uint32, int32, uint64, int64,

boolean, string (scalar only)

Import FMUs implemented in FMI 3.0 standard with support for “New Datatypes”

4\ MathWorks

2023

) single
) single
) double
n double

int8
: uintd
int18
uint1&
: int32
uint32
infG4
uintgé4
boolean
b

Float3d2_continuous_input
Float32_discrete input
Floatéd _continuous_input
Floatéd_discrete input
Int&_input

Ulnt8_input

Int16_input

Ulnt16_input

Int32_input

Ulnt32_input

Inté4_input

Ulntg4_input
Boolean_input

Binary_input

Float32_continuous_output
Float32_discrele_output
Floatéd_continuous_output
Floatéd _discrete_output
Int&_output
UInt8_output
Int16_output

Feedthrough [Co-Simulation, v3.0]
UInt16_output
Int32_output
UInt32_output
IntG4_output
Ulnt64 _autput

Boolean_output

Binary_output

singla D
single )
double )
double m
int& )
Linta 5

int16 >
uint1s -
int32 &5

uint32 ()

intG4

uintG4
boolean
p

12
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FMI 3.0 Binary Datatype
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FMU Import Block 2023k

Import FMUs implemented in FMI 3.0 standard - e R
with support for binary data type

q}] ? Open ~ Stop Time q& L’) “D -
Ney & Save ~ LIBRARY | PREPARE || Normal %) ses i Step o
v = Print ~ ~ = g Fast Restart Back ~ ) v Forward > .
= The new Simulink.FMUBinaryType data type is m 5l
introduced to Simulink in R2023b £ | & e M
g|a ]
= @ g'
= Used for non-numeric data handling, such as

]

MUBIOEY o lcoseacor: | smasemceaseig s s s eavese s REMUGI ry

CO m p I eX S e n SO r d ata i n te rfaces ) _é_;m—b Binary_input Feedthrough [Co-Simulation, v3.0] Binary_output f——p—]

>> bin = Simulink.FMUBinaryType

[id]

bin =

vy @ @

FMUBinaryType with properties

= The FMUBinary data type is supported for FMU
block, ground, terminator, inport, outport (no e Dezzgzzzggzg o o0 T ——
logging), From, Goto blocks |

FMUBinary data type

14
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FMU Import

FMI 3.0 Vector & Array
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FMU Import Block R2023b

Import FMUs implemented in FMI 3.0 standard with Vectors and Arrays support

v<UInt32 causality="input" description="Inport.b" initial="exact" name="Inport.b" start="0 0 @
variability="discrete">
<Dimension start="3"/>
<Dimension start="4"/>
</UInt32=
v<Float64 causality="input" description="Inport.c" initial="exact" name="Inport.c" start="0 ©
valueReference="8" variability="continuous"=>
<Dimension start="2"/>
<Dimension start="3"/>
<Dimension start="4"/>
</Floated> b'

Inport.a

' description="Inport3.a' [23{3}{4]
valueReference="10" varfiability="discrete">

<Dimension start="2"/ ( 1 }[2){3}{4] ® |npﬂrt.h

<Dimension start="3"/

<Dimension start="4"/ [3}{4]
BSFE S TSN i
v<UInt32 c_:auaal%ty="in|:-u1:" description="Inport3.H [ h‘ |np(j'|'_'ErE
variability="discrete"> [23{3){4]
<Dimension start="3"/>
<Dimension start="4"/>
</UInt32> P Inport3.a
[2x3x4]

16



“Flattening” FMU 1.0 & 2.0

Change Block Input, Output, and Parameter Structures

You can change the layout of FMU block input ports, output ports, and parameters with

these parameters:

Parameter

FMUInputMapping

FMUOutputMapping

FMUParamMapping

Action

Change hierarchy of input
ports.

Change hierarchy of output
ports.

Change hierarchy of
parameters.

Settings

'Flat’ — Separates input
into individual signals.

'Structured’ — Combines
input into a structure of
signals (bus).

"Flat' — Separates output
into individual signals.

'Structured’ — Combines
output into a structure of
signals (bus).

'Flat' — Separates
parameters into individual
parameters, listed by the
parameter name and value.

'Structured’ — Combines

parameters into a structure of

parameter values (struct).

>> set_param(gcb,'FMUInputMapping','flat’)
>> set_param(gcb,'FMUOQutputMapping','flat’)
>> set_param(gcb,'FMUParamMapping’,'flat’)

4\ MathWorks

R2017b

::: n::s.dn av.wheal[l].speed
wheel[1].speed wh .
wihesll 1] naaitian ewwhasl[0].position [
w::: n:::.dn evwhesl[1].speed [r
oehesl[3] spesd avwhaal[1].pasition [
EEEE E%ﬂ‘: vehic_AOB T ¢ Hvehicle vehic_AOB el
wineal? :;"D:;%n e whesl[2] position [
el e evwhesl[3].speed [
R e evwhesl[3]position [
Block Parameters: FMU e Block Parameters: FMU1 *
vehic_AOB [Model Exchange, v1.0] vehic_AOB [Model Exchange, v1.0]
FMU Block FMU Block
FMU with bus signals and structured parameters example. FMU with bus signals and structured parameters example.
Open FMU Documentation File Open FMU Documentation File
Parameters  Simulation ~ InputBus  Output Bus Parameters  Simulation  InputBus  Output Bus
| Filter by name or description | ‘ Filter by name or description
Parameter Jalue Unit Description Parameter Value Unit Description
[B] Weightv 05 Weight.v1 ~ £ Weight
[R] Weightv2z 05 Weight.v2 [R] v1 0.5 Weight.v1
[R] Biasv1 0 Bias.vl [R] v2 05 Weightv2
[R] Biasv2 0 Bias.v2 v Bias
[R] v1 0 Bias
[®] v2 0 Biasv2
OK Cancel Help Apply
F I at OK Cancel Help Apply

Structured

17
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FMU Import

FMI 3.0 Event mode



4\ MathWorks

FMU Import Block R2023b

Import FMUs implemented in FMI 3.0 standard with Event mode in co-simulation

B FMU output with Event mode m FMU output without Event Mode

Co-simulation éettings

v Enable event mode .

Communication step size

= Could remove the delay time
step observed with FMU 2.0

19
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FMU Import

Enumeration support enhancement



| 4\ MathWorks

Generate FMU object definitions 2023

Native Enum support removing previous mandatory cast in integer

settingOption(2) P Irput anumbdodal Output Wﬁ-

Generated FMU Block

Group

¥ Input  enumModalFMU3 [Co-Simulation, v3.0] Output

FMU3.0

o~ )
) option1

T N
) option2

Generated FMU Block

openExample('simulink features/SimulateFMUWithEnumTypePortsExample')

21


https://www.mathworks.com/help/simulink/slref/simulate-fmu-with-enum-type-using-fmu-import.html

Generate FMU object definitions

For automatic Enum definition generation
= fmudialog.createEnumType(gcb, "CreateClassDefinitionTo", "File")
» Create automatically the classdef file to enum contained inside the FMU

| settingOption.m [ + |
classdef settinglption < int32
enumeration

(1 H]

2

3 optionl(l)

4 option2(2)

5 end

6= methods (Static)

?‘% function retVal = getDefaultValus()
8 retVal = settingOption.optionl;
9 + end
18 + end
11 L end

[N
o]

openExample('simulink features/SimulateFMUWithEnumTypePortsExample')

4\ MathWorks

2023

22


https://www.mathworks.com/help/simulink/slref/simulate-fmu-with-enum-type-using-fmu-import.html

Generate FMU object definitions

For Bus definition
= fmudialog.createBusType(gcb)
» Create automatically the Simulink Bus object that FMU has at its interface

Using Bus Signals and Structure Parameters in the FMU Import Block

struct{'speed’, 10, 'positon’, 20) =

struct{'speed’, 20, 'positon’, 40) =

wehicle  wehic_AOCB

vehicAOR

Copyright 2017 The MathWaorks, Inc.

b

fmudialog.createBusType(gch)

4\ MathWorks

2020

2= Bus Editor - Manage Bus Objects in the E

File Edit Wiew Options Help

Hid &= o] B & G

hd E Base Workspace
v = ey
w = wheealwheel)
speed
position
v = slBusl_whes
— speed
= position
v = vehicle
= wheel(slBus1_wheel)
v = whee
— speed

= position

openExample('simulink features/UsingBusSignalsAndStructureParametersinTheFMUImportBlockExample’)

23
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4\ MathWorks-

R2023b

FMU Import

FMI 1.0/2.0 Code Generation support



FMU Block Code Generation

Enable code generation for FMU 1.0 & 2.0 import block

= You are now able to generate code for GRT & ERT
— Generate portable code (in-process mode only)
— Work with protected model, packNGo

A fmudemo_export_fuelsys_top_cg_linux_only - Simulink A _ O X

X/ @ () Code for component = B openReport ~

& Automatic ~

Embedded Quick | CIC++Code @ Settings ~ Code fmudemo_export_fuelsys_top_cg_| Build View 5z Remove Highlighing =~ Verily | Share
Code-C ~ Start Advisor ~ Interface ~ - Code Code ~ b
OUTPUT ASSISTANCE PREPARE GENERATE CODE RESULTS VERIFY | SHARE
fmudemo_export_fuelsys_top_cg_linux_only =
@ ([Palfmudemo_export fuelsys top_cg_linux_only b v
@
Fault-Tolerant Fuel Control System

2]
= (de)
] [ ]E Throwle o

- L Command ’\ u

Dashboard throtle o

T A o o Code

ault Switch m—l
0 | Throtie_Angle_Selector

racis
engine_speedf ), N & e (bar)
(rad's) g

Engine Speed pl

Generation

e

0| Engine_Spee

et — fuel_rate_control
j 02_Voltage,

(als)

w

fuel s il_TUEIRE

Engine Gas Dynamics

12 Selector

—t

MAP Fault Switch

L =
) MAP_Selectorn

2]
»

3 Open the Dashboard subsystem to simulate any combination of sensor failures.  Copyright 1990-2020 The MathWorks, inc.

Code Mappings - Component Interface

Ready View diagnostics 115% autolFixedStepDiscrete}

R2023b

& MathWorks

Cal

Find:

<

Content
Summary

Subsystem Report
Code Interface Report
Traceability Report

Static Code Metrics Report
Code Replacements Report

Coder Assumptions

Code
= Main file
ert_main.c

~ Model files

4 < Match Case

fmudemo_export fuelsys top cg_linux only.c

fmudemo_export_fuelsys_top
fmudemo_export_fuelsys_top
fmudemo_export fuelsys _top

= Data files

fmudemo_export_fuelsys_top

- Utility files

builtin_typeid_types.h
multiword_types.h

rtGetinf.c
rtGetinf.h
rtGetNaN.c
rtGetNaN.h
rt_nonfinite.c

eg_linux_only.h
cg_linux_only_private.h
cg_linux_only types.h

cg_linux_only_data.c

Code Generation Report A

fmudemo_export_fuelsys top_cg_linux_only v

fmudemo_export_fuelsys_top_cg_linux_only.c v Q Search

/* DataTypeConversion: '<53=/DTC1' incorporates:

* Switch: '=Root=/Throttle_angle_Selector’

*f
25 rtB.BusCreator.throttle = rtB.LookUpTablel;
= if (rtM-=Timing.TaskCounters.TID[2] == @) {

/% FMU: ‘'<Root=/fuel_rate_control' */
248 [ if (rtDWork.fuel_rate_control FmuIsInitiali o {
249 rtDvork. fuel_rate_control_FmuPrevTime = ((rtM-=Timing.clockTick2) * 0.01):
250 rtDWork. fuel_rate_control_slPrevTime =

rtDWork. fuel_rate_control_FmuPrevTime;
FMU2_enterInitializationMode (&rtDvork. fuel_rate_control_FmuStruct);
realValue_8 = rtB.BusCreator.throttle;
ST (&rtDviork. fuel_rate_control FmuStruct, 0, 1, &realValue B);
realValue_9 = rtB.BusCreator.speed;
FMUZ_setReal(&rtDviork.fuel_rate control FmuStruct, 1, 1, &realValue 9):
realValue_a = rtB.BusCreator.ego:
FMU2_setReal(&rtDviork. fuel_rate_control_FmuStruct, 2, 1, &realValue_a):
realValue_b = rtB.BusCreator.map;
FMU2_setReal (&rtDviork. fuel_rate_control_FmuStruct, 3, 1, &realValue_b);:
FMU2_exitInitializationMode (&rtDWork. fuel_rate_control_FmuStruct);
rtDWork. fuel_rate_control_FmuIsInitiali = 1;
FMU2_getReal (&riDviork. fuel_rate_control_FmuStruct, 4, 1, &realValue_d);:

/% FMU: '<Root=/fuel_
rtb_fuel rate_control = realValue d:

rate_control' */

= } else {
currentTime = ((rtM-=Timing.clockTick2) * ©.81):
stepsize = currentTime - rtDWork.fuel_rate_control_slPrevTime;
= if (stepsize = 0.8) {
/mathworks/devel/sbs/70/taocheng. BR2022bd. 2112523/ fmu_codegen_patch/examples_fo..  Ln 270

openExample('simulinkcompiler/ExportSimulinkModelToStandaloneFMUExample")

25
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Tool Coupling from Project



FMU Export from Project

Export a Simulink model as a FMU 2.0 Co-Simulation from Project

4\ MathWorks

2018l

HOME APPS Yol Zn gl PROJECT SHORT... a & I =
= Tool Coupling FMU dh g (& = s = 2
— All toolboxes used by model needed at execution ~ Nev Open share - Pependens o Es o Mode Testng References o
— Alltoolboxes used by model need to be installed ™| (8] achie 100k il
C:'E:f"_ﬂn‘ ar ¥ FMI » Demos
Current Folder | || Email Command Window
= Variable and Fixed step solver supported (&) simuink Template ”
&, Dependend E Toolbox &
= No Code Generation under the hood ©) i
@ Teol-Coupling FMU
[ |

IP protection not guaranteed unless protected model used

28



FMU Export from Project

Export a Simulink model as a FMU 2.0 Co-Simulation from Project

= Dedicated Matlab Session need to be started to used it
— Matlab command:
= “shareMATLABForFMUCoSim”

— From the Operating system :

= On Windows:

<matlabroot>\toolboxshared\fmu_share\script' fmu-matlab-setup.cmd

=  On Linux and Mac OS5:

¢<matlabroot>/toolbox/shared/fmu_share/script/fmu-matlab-setup

4\ MathWorks

2018

29



FMU 2.0 / 3.0 Export

Standalone Fixed Step Solver



4\ MathWorks

FMU Export with Fixed step solver support

Export a Simulink model as a FMU 2.0

Co-Simulation with Simulink Compiler

= Standalone FMU
— No license check at execution
— No additional installation needed

= Limited to fixed step solver only

= Model need to be Code Generation
compatible

= Command line: exportToFMU2CS

12020¢

J"ﬁ ryvdp - Simulink

SIMULATION

[ g Som - | g 3 ||
|% Save vl e Sinonal ¥ | NCH

Project New

- -
PROJECT

SCEME  Help

mwdpl

®

O/ @ 0 E @

DEBUG MODELING FORMAT APPS

SAVE g F

Save Ctrl+5

Save as..

VIEWMARK

Save Viewmark Ctrl=Shift<D

Capture model's current view for future access
EXPORT MODEL TO

Web View...
Export model to browser-enabled read-only view

5 Protected Model...
Create an IP-protected copy of this mode

Template...
= Creste reusable template from this model

Architecture Model...

Export model to Architecture
@ Standalone FMU... |
— Export model to Co-Simulation Standalone Functional Mock-up Unit (FRMU)

_+, Previous Version... I
= Export model to previous version of Simulink
|

31
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FMU export: parameter configuration

Export improvements with FMU parameter selection and configuration from the FMU

export dialog

- Select parameters for export from FMU export dialog
- Export model arguments as FMU parameters

@ Export model 'mGain_param’ to co-simulation standalone FMU

Description

Export model to co-simulation standalene Functional Mock-up Unit (FMU) using Functional

Mock-up Interface (FMI) version 2.0.
Allow user of FMU to
Save source code to FMU

Add icon:  Model snapshot ~ | Image file:

» Parameter Details... I

Options for saving FMU

Destination folder: | /tmp/tpcd7b508e_ah-jqu-I

Contents: | Standalone FMU (.fmu) and archived project with dependencies

Name of project archive (.mlproj): | mGain_param_fmu

Create Cancel

Browse

Help

@ Export model 'mGain_param' to co-simulation standalone FMU

Description

Export model to co-simulation standalone Functional Mock-up Unit (FMU) using Functional

Mock-up Interface (FMI) version 2.0.
Allow user of FMU to

Save source code to FMU

Add icon: | Model snaeshut ~ | Image Ee:

FMU file

E] Block Parameters: Generated FMU Block

mGain_param [Co-Simulation, v2.0]

¥ Parameter Details...

Open Model Explorer...

Filter by name or description
lame E IrceTy
[R] ks v Base Works...
[R] kt v Base Works...
[R] k v Model Argu...
hd kp v Model Argu...
[R] kp.Value Model Argu...

Click the parameter name to edit it in model explorer.

ks
kt

kp
Gain: kp m

Select All | Unselect All

Reset

FMU Block
(FMU does not have a description.)

Parameters | Simulation = Input = Output

Filter by name or description
Export/import P u
[Rl k 2
- [E kp
[R] value 5 m
[®] ks 3
[R] kt 4

Expand to customize the FMU
parameters to be exposed

Options for saving FMU

Destination folder: | ftmp/tp2bded52f ah-jqu-|

Contents: | Standalone FMU (.fmu) and archived project with dependencies ~

Create Cancel

N oK Cancel

i Bl s

k: k
kp.Value: Gain: kp

ks: ks
kt: kt

Help

4\ MathWorks

2021

Select FMU parameters from model
arguments and global WS variables

32



FMU Export: Configure Internal Variables

A new toggle panel in the Standalone FMU
Export dialog to export internal variables

= Enables the user to export logged signals as
internal variables from the FMU Standalone
Export dialog

= Automatic datatype conversion for datatype
unsupported by the FMI standard

= Command line workflow is also supported

= Logged signals must be resolved to
Simulink.Signal for export

I

Export model 'minternalVar_datatype’ to co-simulation standalone FMU

1 Description

Export model to co-simulation standalone Functional Mock-up Unit (FMU) using Functional Mock-up
Interface (FMI) version 2.0.

Allow user of FMU to

Access source code from FMU

1 Add icon: | Model snapshot ~ | Image file:

» Access the Parameters of FMU...

| = Access the Internal Variables of FMU...
Use model data editor to resolve to a Simulink signal object if the variable is not exported as expected.

Filter by name or description

Jescription | Unit | Expe

E-—-_m

[ s2 Logged Sig... int32 fmi2lnteger
[B] 53 Logged Sig... 53 boolean fmi2Boolean
Open Mode| Data Editor... Select All | Unselect All Reset

» Access Additional Resources...

| Options for saving FMU

1 Destination folder: na.Bsip.j1922427.varstep/matlab/test/toolbox/shared/system/fmi/export/cs|  Browse

Contents: Standalone FMU (.fmu) and archived project with dependencies

Name of project archive (.mlproj): minternalVar_datatype fmu

Create Cancel Help

4\ MathWorks

2022
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FMU Export: Datatype conversion

FMU Export dialog Enhancement and

automatic datatype conversion options

You can now change the names of the root
Input ports, root output ports, and
parameters before export

You can also enable automatic datatype
conversion to FMI-supported datatypes for
root input ports, root output ports, and
parameters.

4\ MathWorks

2023

Export model 'BigMatrix' to co-simulation standalone FMU *
Description

Export model to co-simulation standalone Functional Mock-up Unit (FMU) using Functional Mock-up Interface
(FMI) version 2.0.

Allow user of FMU to
[[J Access source code from FMU [ Generate 32-bit DLL (requires MSVC Compiler)
Add icon: Maodel snapshot ~ Image file: Browse

Parameters  Inputs  Outputs  Internal Variables  Additional Resources

Configure root inports for standalone FMU Export.

Filter by name or description & Refrash
(R] ... [100 100] In1 single fmi2Real
Open Model Data Editor... Reset

@ Enable automatic data type conversion

Optiens for saving FMU

Destination folder: C:\work\Webinar\FMI\Demaos\PerfoMatrix Browse

Contents:  Standalone FMU (.frmu) and archived project with dependencies ~
Create model after generating standalone FMU

Name of project archive (.mlproj): BigMatrix_frmu

Create Cancel Help
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Export a Simulink model as a FMU 3.0

Co-Simulation with Simulink Compiler

FMU Export with Fixed step solver support

Standalone FMU
— No license check at execution
— No additional installation needed

Limited to fixed step solver only

Model need to be Code Generation
compatible

New command line: exportToFMU

:i- Export model ‘mFMU3MixDataTypesUl' to co-simulation standalene FMU A~

Description

Export model to co-simulation standalone Functional Mock-up Unit (FMU) using Functional Mock-up Interface
(FMI).

FMU Settings

FMI Version 3.0 ¥ Solver: FixedStepAuto ¢ Refresh

Parameters  Inputs = Outputs Internal Variables  Additional Resources  Schema
Configure root inports for standalone FMU Export.

Filter by name or description

Name Dimensions Description Unit :ported Nan Data Type =

[ Inport Inport int32

W Inportl [14] Inportl uint32

W Inport2 Inport2 uintl6

[ Inport3 Inport3 |nt16

T S O [ . S

[ Inport5 [2 4] Inport5 int64

@ Inport6 [222] Inport6 uint8 -
Open Model Data Editor... Reset

Options for saving FMU
Destination folder: /taocheng.Bsip.j2291239/matlab/test/toolbox/shared/system/fmi/export/cs/FMU3CS Browse

Contents: Standalone FMU (.fmu) and archived project with dependencies v

Name of project archive (.mlproj): mFMU3MixDataTypesUl_fmu

Create Cancel Help

& MathWorks

2023b
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https://www.mathworks.com/help/slcompiler/ref/exporttofmu.html

FMU Export with Fixed step solver support

Export a Simulink model as a FMU 3.0 Co-Simulation with Simulink Compiler

Float64, float32, uint8, int8, uintl6,
iNnt16, uint32, int32, uint64, int64,

boolean, string (scalar only)

2023

single
D
single
2 y—
double
G r——
: double
: int8
: uintd
int18
G r—

uint1&
: int32
uint32
infG4
uintgé4
boolean
b

Float3d2_continuous_input

Float32_discrete input

Floatéd _continuous_input

Floatéd_discrete input
Int&_input

Ulnt8_input
Int16_input
Ulnt16_input
Int32_input
Ulnt32_input
Inté4_input
Ulntg4_input
Boolean_input

Binary_input

Float32_continuous_output
Float32_discrele_output
Floatéd_continuous_output
Floatéd _discrete_output
Int&_output
UInt8_output
Int16_output

Feedthrough [Co-Simulation, v3.0]
UInt16_output
Int32_output
UInt32_output
IntG4_output
Ulnt64 _autput

Boolean_output

Binary_output

single n
single a
double m
double :
intd :
uintd

o E——D
int16 n
uint16 -
int32 :
uint32 -
intG4

uintE4

boolean

p

4\ MathWorks
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FMU Export with Fixed step solver support R2023b

Export a Simulink model as a FMU 3.0 Co-Simulation with Simulink Compiler

= Support array & vector variables

v<UInt32 causality="input" description="Inport.b" initial="exact" name="Inport.b" start="0 0 @
variability="discrete"=>
<Dimension start="3"/>
<Dimension start="4"/>
</UInt32>
v<Float6d causality="input" description="Inport.c" initial="exact" name="Inport.c"” start="0 @
valueReference="0" variability="continuous">

=Dimension start="2"/=
<Dimension start="3"/>
=Dimension start="4"/=
</Floatgd=> b. Inpnrt a
) " description="Inport3.a’ [2}{3){4] )
valueReference="10" varfiability="discrete"> [2}{3){4]
<Dimension start="2"/ ( }
<Dimension start="3"/ 1 * .“ |npﬂrt.h
<Dimension start="4"/ [3){4] =, b
LTt e ol
v<UInt32 causality="input" description="Inport3.h ® P |npd‘Tff’c
variability="discrete"=> [2}{3){4]
<Dimension start="3"/>
<Dimension start="4"/>
</UInt32> P Inport3.a
[2x3x4]
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FMU Export with Fixed step solver support

Export a Simulink model as a FMU 3.0 Co-Simulation with Simulink Compiler

4\ MathWorks

R2023b

|irem— % =t
[1000x100] [1000x100] [1000x100] [1000x100]
1 1 1 1 1 1
, . .
Speed x55
= FMU 2.0 creation: 10 min 15 sec = FMU 3.0 creation: 15 sec
= FMU 2.0 Size: 6.79 MB = FMU 3.0 Size: 77 KB
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FMU Export with Fixed step solver support R2023b

Export a Simulink model as a FMU 3.0 Co-Simulation with Simulink Compiler

B FMU output with Event mode m FMU output without Event Mode

=  Event mode include in
generated FMU -

Co-simulation éettings

v Enable event mode n

Communication step size
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FMU 2.0 Export
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4\ MathWorks

FMU Export with variable step solver support 2023k

Export a Simulink model as a FMU 2.0 Co-Simulation

with Simulink Compiler

= Tool Coupling FMU
— No license check at execution
— MATLAB Runtime need to be installed separately

= Variable step solver support

= Model need to be compatible with Rapid Accelerator
mode

openExample('simulinkcompiler/ExportModel ToFMUWithVariableStepSolverExample")

HE® e

OB ®

Velocity
Input Velocity E

Source

Translational
Friction

Displacement

autoldaessc)

> (= )

Third-Party Software MATLAB Runtime
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https://www.mathworks.com/help/slcompiler/ug/export-simulink-model-to-var-step.html

4\ MathWorks

Export from Simulink to 3rd party tools with FMI Standard

A< \
Il <
|

31d party simulation tools

\

Do 2@ OB
)

Release

R2018b
2020

22023b
2023b

Product

Simulink

Simulink
Compiler

Simulink
Compiler

Simulink
Compiler

FMU Export Support

Tool coupling co-simulation FMU 2.0
Standalone co-simulation FMU 2.0
Tool coupling co-simulation FMU 2.0

Standalone co-simulation FMU 3.0

Comments

- Need Simulink installation
- Check out licenses
- Variable step & fixed step solver support

- No license checkout
- No Simulink installation needed
- Fixed step solver support

- No license checkout
- MATLAB Runtime installation required
- Variable step solver support

- No license checkout
- No Simulink installation needed
- Fixed step solver support

=86 0
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FMU 3.0 Export

From Source Code



FMU Export from external source code

Build an FMI 3.0 FMU from the source code using the S-Function Builder

&\ MathWorks

2023b

= Users can write their own implementation of the source code from the S-Function Builder editor

= A command line API is provided to generate FMU from the S-Function Builder block

— Simulink.SFunctionBuilder.generateFMU(blkHd1);

vdp

(

Out2

S-Function Builder

—)

S-Function Builder block in
Simulink model or library

Build source code and apply settings with S-Function Builder

FMU

Generate FMU

44
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Simulink Compiler: Nested FMU 202 1

- Export Simulink model with a FMU Import blocks as nested standalone FMU.

- Simulink packs all dependent inner FMUSs into the resources/ folder of the nested FMU.
- All inner FMUs will share the same callback functions provided by the environment, for example, logger and

memory allocation functions.

C} Export model 'vdp' to co-simulation standalone FMU x
F M U 1 Rl I Description
= ‘::’:’; Ou2 Export model to co-simulation standalone Functional Mock-up Unit (FMU) using Functional
Mock-up Interface (FMI) version 2.0,
Allow user of FMU to fm i
[ Access source code from FMU [] Generate 32-bit DLL (requires MSVC Compiler)
Add icon: | Model snapshot - Image file: Browse
5 »{(1 ) » Access the Parameters of FMU... f |
] e £ » Access Additional Resources... F M U I e
F M U 2 Genarated F:’“" Blodk_In1 I N Options for saving FMU
. ()
— roukng Generated FUL Black_Cutz Destination folder: | Browse
‘Generated FMU Block | spac.
“““““ = Contents: |Standalone FMU (.fmu) and archived project with dependencies +
Create model after generating standalone FMU m m m
Name of project archive (.mlproj): ‘vdpjmu
Nested Nested Nested
B 1
] posna®® S Create | | Cancel Help FMU FMU FMU
o —
F M U 3 Ganerated FMU Block_In1 I
(2
ignal spec. Generated FMU Block_Out2
and routing
‘Generated FMU Block | Bpec.
aaaaaa ng
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Protected Model Support for Standalone FMU Export 20272

% Configuration Parameters: FMUExportWithExternalCPP_harmess/Configuration] (Active) = O >

Simulink Model with protected model
now can be exported as standalone
FMUS Solver

Data Import/Export
Math and Data Types

» Diagnostics

= Complete customer workflow involving Hardware Implementation
protected models & standalone FMUs Model Referencing

Simulation Target

= The protected model should be generated v Cede Generation
with fmu2cs target (including source code) optmization

Report
= Support both GUI and command-line E‘:ﬂ“ﬁ:“_l:rﬂsts
workflow
Model with protected model Standalone EMU

Target selection

System target file:

fmu2cs tid Browse...

Description: Generic Real-Time Target
Language: C - Generate GPU code
Language standard: |C99 (150} -

Build process

Generate code only

Package code and artifacts

= Support for protected model
generated with grt.tlc in
combination of fmu2cs.tlc

2023
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Protected Model Support for Standalone FMU Export

Simulink Model with protected model
now can be exported as standalone

FMUs

= Complete customer workflow involving
protected models < standalone FMUs

= The protected model should be generated
with fmu2cs target (including source code)

=  Support both GUI and command-line

workflow

FMU Export >

Model with protected model

& Configuration Parameters: FMUExportWithExternalCPP_harness/Configuration1 (Active)

Q

Solver
Data Import/Export
Math and Data Types
» Diagnostics
Hardware Implementation
Model Referencing
Simulation Target
v Code Generation
Optimization
Report
Comments
Identifiers

Out1

Out2

>

Generated FMU Biock_Out1

»( 2

Generated FMU Block_Out2

Standalone FMU

Target selection
System target file: |fmu2cs.tid Browse...
Description: Generic Real-Time Target
Language: C v Generate GPU code
Language standard: |C99 (ISO) v

Build process

| | Generate code only

|| Package code and artifacts

=  Support for protected model
generated with grt.tic in
combination of fmu2cs.tic

4\ MathWorks
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4\ MATLAB R2023b

HOME FLOTS APPS

Search Documentation

I

Morgan

@' ':E:' L 5l [ Find Files

Mew New Mew Open [Zl Compare Import  Clean
Script  Live Script  ~ = Data

L& Analyze Code
&? Run and Time

|## Clear Cornmands ~
CODE

& &, Variable ~ E%

E] Save Workspace Favorites

Data @ClearWorkspace e e
FILE VARIABLE

al

Simulink = ENVIRONMENT RESOURCES

SIMULINE

o -

\ExportSimulinkhds thPMAndFMUToStandaloneFMUE...

Compare Mormal *

: @Refactor'
Iru M

%
New Open Save 3

- - -

NAVIGATE | Text
I Bxport ~ :

A -
FILE

Code Control

Print = B SECTION

-CZI * = ﬁ ﬁ _ F C: b work ¥ Webinar » FMI » Demos b 3_MestedProtectedModels » VariableStepSolver »

Current Folder ® | | Command Window

fr >

MName
=l Live Script
5] ExportSimulinkModelWithPMAndFMUToStandalone...
= Simulink Model
|*& mechanical_system_local.sh
|*& mechanical_system_local_ProtectedModel.shx
*& mechanical_system_local_ProtectedModel_harness.sh

mechanical_system_local_ProtectedModel_harnessslx (5.

Model version: Preview:

R2023b Update 3
Last modified by:
mfremovi

(no description available)

@ | | Workspace

Mame =

 ans
HH handle
HH m

<t model

out

| Ex portSimulinkModelWithPMAndFMUTo5tandaloneFMUExample.mbx | + |

the model mechanical_system_local demonstrates exporting protected model and FMU Import block to a
Standalone FMU.

Simulink Compiler™ license is required for standalone FMU Export and Simulink Coder™ license is required to
create protected models.

The example consists of two steps:

= Export Simulink Model to Protected Model
» Export Simulink Model with Protected Model to Variable Step Solver FiMU

Export Simulink Model to Protected Model

% Open example model mechanical_system_local
model = "mechanical_system_local”;
open_system(model);

% generate protected model
Simulink.ModelReference.protect(model);

Creating protected model for 'mechanical_system_local”.
### Starting serial model reference simulation build.

### Generating code for Physical Networks associated with solver block 'mechanical_system_local/Velocity Ing
done.

### Successfully updated the model reference simulation target for: mechanical_system_local
Finished creating protected model 'C:\work\Webinar\FMI\Demos3_MNestedProtectedModels\VariableStepSolverimect

close_system{model)

Export Simulink Model with Protected Model to Variable Step Solver FMU

% Open top model that reference the protected model
model = "mechanical_system_local_ ProtectedModel™;
open_system(model);

% Export model to Standalone Co-5imulation FMU 2.@

exportToFMU(medel, 'FMIVersion','2.8° , "FMUType','CS", 'CreateModelAfterGeneratingFMu’ ,
close_system({model);

S5 R FR
A standalone FMU is generated in the Destination folder specified from the export dialog.

model = "mechanical system_local ProtectedModel harness™;

Zoom: 110% UTF-8 |LF | seript
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Compatibility table for Nested FMUs & Protected models R2023

Final Export as

FMU 2.0 FSS FMU 3.0 FSS FMU 2.0 VSS

Nested FMU 2.0 FSS
Nested FMU 3.0 FSS

Nested FMU 2.0 VSS

Protected model
Simulation Only

Protected model simulation
+

Code Generation*

FSS = Fixed Step Solver *System Target file need to be fmu2cs.tlc before protecting
VSS = Variable Step Solver model before R2023b. And grt.tlc since R2023b
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Simulink Compiler: Source Code FMU 2.0 Export R202 1 a

= Export Simulink Model as Standalone co-simulation FMU with C Code
= Generated source code can be used for Cross-Platform workflows

= Rebuild instructions in the documentation folder via the index file

= a—

= G| Seach 0o

ntion="structured"
linear secand
207>

i:ﬂ Export model ‘MassSpringDamperModel' to co-simulation standalone FMU X
Description

Export model to co-simulation standalone Functional Mock-up Unit (FMU) using Functional Mock-up
Interface (FMI) version 2.0.

r;-n;ave source code to FMU I “ i = =
|_| Create model after generating standalone FMU [ | Generate 32-bit DLL (requires MSVC Compiler) « v T 0 > test > MassSpringDamperModel > sources v o Search source
Add icon: Model snapshot * Image file: Browse e Nome
B Desktop . D MassSpringDamperModel.c
Export to: | C:\Users\welwull\Desktop\test Browse 3, Dovkcads 2 g :rz : : : -
Documer
Create Cancel Help &= Pictures g
D Music 0]
tost c]
8 video o
@ OneDr [E:i
Ll o]
Deploy desktop simulation
Requires both Simulink Compiler and Simulink Coder licenses on different OS
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Simulink Compiler: Source Code FMU 3.0 Export R2023b

= Export Simulink Model as Standalone co-simulation FMU with C Code
= Generated source code can be used for Cross-Platform workflows

Rebuild through buildDescription.xml file

Export model 'mechanical_system_local' to co-simulation standalone FMU X
Description

Export model to co-simulation standalone Functional Mock-up Unit (FMU) using Functional Mock-up
Interface (FMI).

“ mechanical_system_local » sources
FMU Settings
FMI Version 3.0 - Solver: FixedStepAuto (&' Refresh #
[] Mame
Parameters  Inputs  Outputs  Internal Variables  Additional Resources
General

[ _nesl_rtw.h
Enable automatic data type conversion - -
B Include time as independent variable Ty . _—
M buildDescription.xml
istribution Package

[CJ Generate 32-bit DLL (requires MSVC Compiler)

[ ex_2bb3lelac.c

Add icon: Model snapshot ~  Image file:

Deploy desktop simulation
Requires both Simulink Compiler and Simulink Coder licenses on different OS

53



& MathWorks

Cross Compilation

000
0000
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10
10

.SO

dll
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Cross Compilation

000

0000

000

dll

0000

.SO

dll
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Cross Compilation

0000

DOO0O

..

WSL

Simulink

under WSL
[dll

.SO

fmi

0000
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Cross Compilation

0o0o

dll

fmi.

0000

0o0o

000

N
=

WSL

Simulink

under WSL
dll

fmi

000o
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Around Simulink / Simulink Compiler support?

FMI standard support increase in many other toolboxes like:

Simulink Test: FMU interval variable
support for Observer block

X
entity in the left panel to observe, or select an Observer Port in the right panel to reconfigure or delete. Right click on tree nodes for more functions.
Observable Area:

Filter Observable Area Observer:
v fmuPIDwithIntema\Var
¥ 3FMU
— openExample('simulinktest/ObservePIDInsi
deAnFMUUsingAndObserverExample’)

The left panel shows the block hierarchy this Observer block can access. The right panel shows the hierarchy inside the Observer model. Select an

¥ [aobsvSystem
1% Outport1 (System Response)
Dtime

3 ObserverPort (FMU: controlSignal)
% ObserverPort1 (FMU: controllerinputBusSignal)
& ObserverPort2 (System Response)
[JcontrollerinputBusSignal
[ trackingError
[JcontrolSignal

3 ObserverPort3 (Reference Signal)

Filter Observer

{FScope
¥ ;3 Step

é)) ;‘%r} )

1% Outport1 (Reference Signal)

Setup
Virtual Composer App: use FMU to
replace Engine model of your vehicle

Data and Calibration
* PassengerCar

Chassis

2023

» Brake Type

Scenario and Test Logging
Engine: [FMU Engine

* Powertrain

= Engine
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4\ MathWorks
Around Simulink / Simulink Compiler support?

FMI standard support increase in many other toolboxes like:

Simulink Real-Time: Execute in Real-Time your FMU
— Apply FMU for Simulink Real-Time:

openExample('slrealtime/SIrtApplyFunctionalMockupUnitsByUsingSimulinkRealTimeExample")
— Recompile FMU source code for Simulink Real-Time:

openExample(‘slrealtime/SIrtCompileSourceCodeForFunctionalMockupUnitsExample’)

FMU 1.0 Co-Simulation FMU 2.0 Co-Simulation

R2018 12022¢

Deep Learning: many different examples involving FMUs 2023
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Q&A
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