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Blochwitz Torsten, Martin Otter, et al.
The Functional Mockup Interface for Tool independent Exchange of Simulation Models, Preprint of the
8th International Modelica Conference,(2011) & Y5|F
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MODELISAR Project

3.
* ITEAZ2 project -
* 3years (2008 - 2011) j
* 29 project partners ‘I s 8
+ Coordinators )
« Dassault Systémes ‘,‘_{ 4
« Daimler AG _£ 'R y L
* Budget / Funding DN . . -
30M€ / 10M€ ; vmert )

* Funded by
Germany (BMBF)
France (DGCIS)
Sweden (VINNOVA)
Belgium = et e
Austria - —

RERATA

12 Peter Fritzson presenter.  Courtesy MODELISAR project, Martin Otter et al mortLica
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MA FMI Project http://www.fmi-standard.org

MA SSP Project
MA DCP Project

Functional Mockup Interface

System Structure and Parameterization  https://ssp-standard.org

Distributed Co-Simulation Protocol https://dcp-standard.org/

ProSTEP Smart SystemsEngineering http://www.prostep.org/en/

EMPHYSIS Project sept.2017 - Aug. 2020 https://itea3.org/project/emphysis.html
EMbedded systemswith PHYSical models In the production code Software

http://www.acosar.eu/

ACOSAR Project  sept.2015 - Aug. 2018

Advanced Co-Simulation Open System ARchitecture

OPTEMUS Project  un. 2015 - Feb. 2019 http://www.optemus.eu/

Optimized Energy Management and USe

OBELICSProject  oct. 2017 - sept. 2020 https://obelics.eu/
Optimization of scalaBle rEaltime modeLs and functlonal testing for e-drive ConceptS

REEFE BDEERICETSETLARAOHYAICETIHIRE

ety o temncery e setindinty— NtDS://epc.or.jp/fund_dept/sim_foundation/2018model

O ASAM

Generic Simulator Interface for Simulation Model Access
https://www.asam.net/standards/detail/xil-ma/
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' E “n_.‘lr.lll)
control simulator '_‘rends - ModelVariables [

GUI

Ex pozed variables of the
model

f )
references

| model.dil ‘ s
{ _ | modelDescription.xm| |

f run 1 or many

simulator
- <al -

Ref. ; The Functional Mockup Interface for Tool independent Exchange of Simulation Models Modelica2011, 21st,22nd March
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Ref. ; The Functional Mockup Interface for Tool independent Exchange of Simulation Models Modelica 2011, 215t,22n March
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CR O | Filter Legend: cross-check passed
How clo 1 acld or update rmy tool?
FIU Export FhU Import
Mame License  Platforms Co-Simulation Model Exchange Co-Simulation Model Exchange
AMESimm $ @ Ad
ANSYS Simplorer $ |
dSPACE SCALEMO $ @
Dymola $ e o
FMI Toolbesx for MATLAB/Simulink S |
MapleSim $ icl ¥y |
ansimul ator R [ ¥eY |
Opentdadelica ) [ ¥el |
PyFhAl G ey |
PySimulator @ A
Simulation $ e =nu
Support 47 80 / 42 87 /52 108
Planned 9 7 10 6 8 6 2

httns://fmi-standard.org/tools/
BoEe BEEFEHCETIIVEFIEES FMI B EMRET WG
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~Importing Tool

(RS -Tale il successfully imported FMUs

How do I add my FMUs and results to the cross-chedk?
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& A
d &
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& & &
& & * &
& & e &S o
& &Iy &S N

Adams 0 0 o EED EB 1 2 0 : B
AMESim 0 0 [ 5 | [ 2 2 B
ANSYS Simplarer 0 0 o BEB o 0 0 0 0 0 0 0
AVL CRUISE M 0 0 0 [ 6 ] 1 1 2
AL Model. COMNECT 0 0 0 o ED 2 2 0 [ 0
CATIA 0 0 [ 9 ] 2 0 0
INTO-CPS Co-simulati., 1 [ o B [ 6 I 1 ED
CosiMate 0 0 0 0 0 0 2 0 0 0 0
IDymoIa 0 2 1 BB EEOEEEEE 2 1 l
FMI Toolbox for MATL... 0 0 0 0 o I 1 0 0 0
PPy 1 2 L G EEEE : : B
GT-3UITE [ 0 o EB o EB o o EB o 0 [
Silver 0 0 KB 0 2 0
SIMPACK o EB o B EBEE N 2 I
Simulationx 0 0 0 0 0 1 0 0 2 0 0 0
solidThinking Activate 0 0 0 0 [ 6 o EB o 0 0
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2. FMIBE:E S FiR

Literature

FMI Related Publications

Japanese Modelica Conference 2018
Keynote: 10 Years of FIL: Where are we now, where do we go?
FiI related conference papers (link to proceedings):

* Combustion Engine Mechanism Analyses Using Simulation
¢ Hyundai framework for vehicle dynamics engineering based on Modelica and FMI
¢ Automated Test of CvT Control Software, using FMI and Modelica Model

12th International Modelica Conference 2017
FIWI User meeting (Agenda)

* Owverview of FMI Project

* FMlis great but not magic

* Requirements for using FMI/ SSP for Development of Autonomous Driving

* \erification of maodel connection by PRI using acausalmodeling tools

* ROboMObil HIL Simulator using FMI technology

* TheINTO-CPS Co-Simulation Orchestration Engine —Experiences with FMI 2.0 and proposed extensions
* ACOSAR -Advanced Co-Simulation Open Systemn Architecture

* MA-Project Systern Structure and Parameterization — Current Status and Plans

FII related conference papers:

* Improving Interaperability of FMI-supporting Tools with Reference FhaUs
* The Embedded Simulation via FVI and its Application to the Simulation of Lifetime Tests Including \Wear
» Integration Modelica with Digital Mockup Tool using the FRA

https://fmi-standard.org/literature/

f [
' l I FUMCTIONAL
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2. FMIBSE Sk

HomePage

* https://fmi-standard.org

* https://www.modelica.org/

* https://newsletter.modelica.org/

Twitter
* @FMI_Info https://twitter.com/fmi_info

FMIInfo and News
FMI_Info

frnj

The SSP Standard Release Candidate
has been released

Find it here: ssp-standard.org/
downloads/

f L]
l I I FUMCTHRNAL
I MOCE-UP
INTERFACE

-5 B

« @modelica https://twitter.com/modelica = i & = — S

e —m" .:‘ L A

, Vg, == &

fnli FUNCTIONAL MODELIC 019501 241 h
MOCK-UP

ﬁ'n- INTERFACE . o ET=D 204~k 2008
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FMI Info and News

Ui newt BOCOLT S00M! 1w P Grandent FA
waage ard FVE socin

108 220~ 2020

EaAn Ar«er i

T Brea apeecs e sarmen] csiing hergaioe Modskos
w e b mhow o sl corgmed preeied
L i ey e p—

f=F&AR EF4F  OiAG
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3. FMUOEI{EE—K

]
FUMCTIINAL
I HOCE-UP
INTERFACE

—- FMI for Model Exchange

E Tool

DyFMU

s [INCE e |

-7 FMI for Co-Simulation

E Tool

DyFMU

o IZn

EFILICATDHADAHO— M., B
STEVILNE. FMU Z1 > 7R— bk UTz
Ty kI A —LBIOEDZEFIA

VIV ZEFILOERE(CO— MMELTZED

FMU : Functional Mockup Unit
Executable model generated for FMI
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3. Model Exchangel=& 1 5ES Diih frj sase-

fo, Vstart w ¢ P
o SAE
Enclosing Model ) vstart 2
y y u(t) ABNCERHEES LU/ F o (FBEEREFRE)
y(t) HBACEREES & U/ F 1o (FBHEEREFRE)
External Model w(t) O—H IVEH(CEHSE S & U F 1o (IBEEGSERE)
(FMU instance) z(t) AR MEIEGESRERE)
t . O—h VE#HwE KU/ F1 EH Dy E:
Xc Xe, Z xc(t) ERTRFEKAE (4 N2 MR TER)
Solver I

B XH (=) : FMUD O Q&R

FREH (=) : FMUAD A K&

Vstart,u,y,w, xd (& Real, Integer, Boolean, String&;
t, xc, z (FReal#.
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3. Model Exchange@ﬁﬁﬁ%@ﬂ tm_l fsngu

DC Motor 1 D’/E:Ll/—”/EI’J
TargetAngle  Controller
= ] - ;- HEETIL | | HEETL || DEETL
i | N i __'r:__ ] _;/fﬁullti‘"a
Al o Onmipar 18 avko—3 DCE—# EERS
Rotational Spring
Rotational JILR
Reference ©

—————————————————————————— = |ttt

1 | ]
sep 1 | ! :

1 | 1
| - I| } *ggmnangelaaLg; :
danTime=1 1 !

= Controller [ Motor (L—{ LoadTauOutT]
1 g LI_’

i | ] X
1 | 1 I
1 | 1 I

1 1 1
o | l____._________l

PI controller DC motor Rotational motion
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2R% (Tool-Coupling) fmi

| Executable Simulation tool
_ Slave
Master
\ Process 1 \ Process 2
B |

HEARYOBEEGEEZNLT
Y—ILEITESIERZ

Electronic Stability Controller
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3. Co-Simulation® 3 DDHZEE

FUMCTHINAL

(Distributed) fmnj e

Executable Library (DLL Service / Executable  Library (DLL)
FiI Application Slave
Master (O~ Wrapper Server O
A A 4
Session | session
Client “ Server
Computer 1 Computer 2

DIAT &Y —N—ARDBEEE

Microsoft
rPoint 57 F 2
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FUMCTIINAL

3. Co-Simulation(ZBIFBESDRN e

to, p, Initial values(a subset of (Xo, Yo, Vo, Mo)
Vv

Co-Simulation Master
- t KE
y y m  BEBUIKAE
—
— Model p Real. Integer. Boolean. StringsE D /N5 x —2%
t 1 v v U Real. Integer. Boolean. StringsZ ® A%
— ]
| Solver | vV INTORTRER
Co-Simulation Slave R BE (¢ A <R
(FMU instance) X EHEIKEE (f RN NET:ERR)
: y Real. Integer. Boolean, Strings® DO 51
tl x X, M, 2 7 ARUKEE
Solver

Co-SimulationT(&. 2T 2D0EARMNRHEAEZEIRITINENHDET,
1. YIIRAFLBOT -4 ZHEL DOikiE
2. 2TOYTIRFTLDIZ1L—3>%ERA L. Communication Step Size%#iiT9 DHLRE
tci — tci+1 frominitial time
tcO :=tstart to end time
tcN := tstop
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ol <GS | Lol )
DR )| ) m—
Rot. Angle 9,
Vel. [rad/s] Torque [N -m]

R e—
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INTERFACE

AN Tl FaPfad

Chassis

7Y

DymolalZERYAATZET L
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3. Co-Simulation TOEAEHI (ESOREIIZ>T)  fmjue-

1D 2alb—iay

WMEETIL || MEETIL WMEETIL MBETIL MEETIL

Y
RSAN || RFFULY || 180 —bkLAY || FSA4TSAY e %

) 7AY V¥ A VLN
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(N2 WA >
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RFFYLY v o—
ime
CSS

CSS : Communication Step Size
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1) FMUE 8812 & B UA TE B0 2
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> AENEHIKRREE S 24T /B L etc.
> FMI Cross check activityl=T, &Y—ILRU A —H\REE

2) FMUEERYAAEET ILE, ELIEHRTEDMN?
Ey; —» E, Ep P— £
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BENIEY WIN—34T, FEZIA DRIR

FMIGEERS, ODMIEET ILTIE, HREEMY

AR EHOND
- i)
d*q(t) dg(t) 1 e [ s =& 5] | ' e
L dtz R et . ?r]r{?f} =Vs V"T T ('T T‘ e '
Fg) L
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