Agenda

@ Le projet Modelisar
L'innovation FMI

@ Les études technologiques
Les implémentations de FMI

Démonstration

Perspectives sur FMI

Initiatives automobiles

Questions / Réponses

b

Modelisar — chiffres clé
Fournisseurs de technologies, centres de recherche & utilisateurs

................... P
@ 29 partners - 5 countries | "*..;:'.'.‘.'.tu.‘." DAIMLER |

Industries
Research Institutes e 'h I
» SMEs alTRaN
~  Coordinators -‘
Dassault Systémes A
aRhe

e Daimler (German part)

@ Budget A
27 Meuros % @
o 175 Men x year (51 v
e 40sWP |
3.5 years Bmm |

L

[07/2008, 12/2011]




Motivation du project

Overall goal: Secure functionality of complex technical
systems
for customer comfort and safety
@ atless costs
“Good products at little costs”

Aspired solution: Digital functional mock-ups substitute Product function example:
(late and expensive) physical W =y, Squeeze protection
mock-ups

Challenge: Overcome domain barriers
between software, electrics, mechanics, etc.
in existing simulation tools & technologies

Answer: Functional Mock-up Interface (FMI) standard
developed in Modelisar
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Scenario examples -contd
simulation architecture scenario automotive system
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co-simulation

End to end seamless development: .
from system modeling to code generation _zg
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Scenario examples

simulation architecture scenario automotive system

Mechatronic Shifting
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Electric Power Drive
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Climate Controller
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Modelisar results
A new international standard

Functional Mock-up Interface (FMI)
for flexible and standardized simulator integration
A set of open FMI specifications (Model Exchange, Co Simulation, PLM)
@ More than 10 FMI prototypes for use cases
@ 10 supporting scientific studies (AUTOSAR, co simulation, timing, bus)
An evolution of Modelica language for FMI and AUTOSAR
@ 24 FMI industrial Use case Proofs of concept

@ 45 available or planned FMI compliant software products,
including 34 during project course

-~ FMIIP & governance transferred to Modelica Association
@ Cooperation with 8 European projects & 3 standard organizations
Dissemination on the Web:

1) Modelisar / FMI web site, 2) social community, 3) Wikipedia,
and 4) > 100 communications & dissemination actions
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Technological breakthrough

Production and Exchange of FMUs
@ Cooperation between FMUs via a master
a Independency of different types of simulator hardware and/or operating systems
Generic approach to handle the FMU and related simulation data through PLM
» Offers standardized services
» Control of simulation, synchronization, monitoring, visualization, documentation
As part of one of the simulation tools or in a dedicated FMU server

Overview of the Different Interfaces FMI for Model Exchange
Use case schematic Simulation Tool 2
User Interface| —
1. FMI for Model Exchange 2. FMI for Co-Simulation ::;em: 1
Simulation Tool Model with solver  SimulationTool 1 Simulation Tool > - Step 1 — Export: Subsystem model is
User Interface exported from its simulation tool L

User Interface

a  Step 2 — Import: Subsystem model is Simulation Tool 1
imported into simulation system for s
system simulation

4. FMI for PLM
Simulation Tool PLM system

User Interface Summarized view :
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Schematic view of a model
in “FMI for Model Exchange”

u—unl-r--c-rln,a.-.-...nl T ¥

=
L T —
e oy R b B, Sy
i o tips B g B Sy

o et

g 6T g Ve S o ey
] AT

¥ L1
1! 1“ lt-r

| Sahver

Fogars | [ltn B Do W | i, v bl e s |
[ ey bbb prsvades by o § V)
tha1 e e o S DU

Mathematical description of a FMU
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Implementation principles

Technical basis:

Functional Mock-up Unit (FMU)
implemented as zipped file (*.fmu)

@ Separation of

description of interface data (XML)
functionality (C code or binary)

@ Additional data or functionality includable
e parameters, init, tables, doc, ressources
Multiple targets (i.e. binaries) possible

eg. win32, winé4
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Implementation details
API - C Code functions
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Implementation details Implementation details
FMU model description - example

FMI model description
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Implementation details FMI for Co-Simulation
Use case schematic 1/3 SimulationTool

FMU distribution file
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- Step 1 — Export: Subsystem model with

e e o e ive . N . N
i solver is exported from its simulation tool

@ solver added
e added co simulation capabilities (compared to ME)

User Interface

Step 2 — Import: Subsystem model is
imported into simulation system for
system simulation

Simulation Tool 1

User Interface
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FMI for Co-Simulation (tool coupling)
Use case schematic 2/3

Run simulation on the same host Hostt
Master subsystem is
connected with wrapper dll
via co-simulation interface
Subsystem 2 is called via wrapper of tool 2
as if it would have been directly
imported into master simulation tool

Simulation Tool 1: Master Simulation Tool 2

@ Summarized view :

mndqunﬁ ‘

FMU distribution in a co simulation cluster

FMI for Co-Simulation (tool coupling)
Use case schematic 3/3

= Run simulation on different hosts

Master subsystem is con-
nected via a generic adapter
with a communication tool simulation Tool 1: Master

Adapter provides co-simulation User Interface

slave interface

Host1

- Communication tool uses
wrapper dlls of slave tools

@ Summarized view :

Host2 Simulation Tool 2

User Interface|
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Master / slave concept

A Bt | T . N
’ ) e |
From coupled simulation tools ... ~ = Pt || B s

@ Coupling is (re) developped
@ Different types of integration to do

... to a slave / master structure

The Master m
= handles the data flows

—

controls the execution of slaves
@ If necessay implements a strategy for loops
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Implementation details
added API - C Code functions
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FMI for PLM — Concepts (1/2) simulation ool

User Interface|

PLM system
@ All simulation related data including FMU life cycle management

PLM client — Authoring tool

@ Tool, which needs the PLM provider information
Modeling tool
Simulation tool (autonomous, master, slave)

@ Application tool
Post processing tool

mndqunﬁ ‘
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PLM system

Implementation details
Co simulation description

@ Mostly compatible with Model Exchange
specifications
Same concepts & xml structure

= extended with co simulation capabilities

A —

FMI for PLM — Concepts (2/2)

Simulation Tool PLM system

User Interface|

FMI for PLM study aims at “Product Lifecycle management” of all data

needed in simulation of systems

a  Functional Mock-up Units data needed for: edition, documentation,

simulation, validation

# Co-simulation data needed for: edition, simulation, and Results management.

# Result valuation data needed for: Post-processing, analysis, Report
Specifications are defined through a generic approach

@ Generic workflow

@ Simple “link” between various authoring tools and the PLM
Description of the FMU & data distribution between PLM and the Simulation

tool (.xml for deployment)
@ Shared expandable configurations

mndqunﬁ ‘



Workflow Stage 2 Example - Deploy data to all Targets Summary of PLM exchange with external tools

FC#1 SCH2 PCH3

Co simulation %
Engina .

= Download/Checkout = Uplozd/Checkin Data = Launch ool
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FMI Values and benefits Specifications on the web

Intrinsic FMI values

FMI - Version 1.0
@ Stable standard interface (C, XML/XSD)
# Tool and modeling language independant Pl for Model Exchange FMI for Co-Simulation A foe PLM
Ligh( overhead ——— IM...-_-:--- v —" eyl er
Openness (CC BY-SA, BSD) f-‘.‘.:‘.:‘f‘::.‘.“-’;:.}: ‘: frsim-bp L ':;:.A-'ﬁmi.‘.t:-“
@ Supports advanced (co-)simulation technologies st by dihm, st ety houmalt s gt ek o meea

@ Coupling of specialized models from various engineering domains
adaptive and convergent co simulation rates

Embedded software co-simulation (e.g. via AUTOSAR) for model-in-the-loop, software-in-the-
loop and hardware-in-the-loop simulations

# IP protection (source code optional)
Designed for multi-industry

= Coumdito. s et o
[EeP——,

1 vt 854 vt b
e, i,

Ty
P ————
Benefits E
@ Fastand efficient way to exchange and integrate hybrid virtual prototypes between teams ==
Efficient frontloading and early integration of suppliers and development partners into

cross-domain simulation

» Extension of co-development from “model definition” to “behavior simulation”,
i.e. from Digital Mockup to Functional Mockup

- cc
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Study example - Advanced Numerical Techniques for FMI

@ Co-simulation: data exchange

Co-simulation of two coupled systems:
between subsystems restricted to

To = Tutr
sampling points Macro step ™
- Errors caused by approximation of - -
coupling terms = om Q)

= Numerical stability problems
Optimal macro stepsize ? -
@ Advanced numerical techniques

# Variable macro stepsize adapted to _._.l )
solution behaviour, macro stepsize

control

Improved robustness by stabilized Ta Tas1
signal extrapolation

Error estimation algorithms

Modular time integration of coupled ODES and DAES 11

W iciam2011.com

Co-simulation with communication step size control in an FMI compatible master algorithm 111ps:/mocelica.org/events/modelica?012
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Study example - Bus Communication Simulation

@ Context " F = z E
@ Cyber Physical systems to address % = = S T
both systems modeling & design = = — o

& computer science . e e |

@ Achievements T
=~ Embedded systems library devel.

Study on Controllers timing and
scheduling strategy

# Simulated communication

' 5 =&

mndaunﬁ'

Study example — Co simulation master for FMI

Context
e Simulator coupling
(scheduling and data mgt) PRpe
accuracy & stablity issues
@ Achievements L

Study for a co simulation master
Prototype development

[ W S S — -

Master for Co-Simulation Using FMI

mndaunﬁ' Z Fraunhofer




FMI support in tools - pecember 2012
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FMI support in tools - pecember 2012 (3/3)
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FMI support in tools - pecember 2012 (2/3)
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Climate Control models, tools, configurations and data

Climate Controller from Volvo

« Controller created in MATLAB/Simulink™
e Transformed to FMU

Then to FMU with embeddable C code
Plant

o Plan model created with Modelica [ ——
librairies
then transformed to FMUs

Configurations and data stored and
managed in ENOVIA V6 PLM

Software code designed in AUTOSAR

Builder

Simulation managed in CATIA V6 ‘ - :

—> tirflow

and SIMULIA V6 —— Iriomaon flxy

—7 L7

Climate Control Demonstrator

# Demonstrate an end-to-end engineering
process for systems and embedded software

Multi-physics modeling and simulation

AUTOSAR architecture definition

Code generation and test

Co-simulation

# Demonstrate execution of a typical workflow:
climate controller definition and co-simulation
Scenario definition and results evaluation with
VOLVO

T

VOLVO

mndqunﬁ ‘

Phase 1: Supplier selection

Deliver FMUA created

Supplier 1 from DYMOLA
Deliver FMU2 created!

upplier 2 from SIMULINK

ettt
RIFIL Climate Control ‘Add FMU controller
Climate Control ! L |

8 SystemEngmeerL 1 l Su;lim 'l

€ | Requiréments, Use ™
& Project Leader Cases & Test Cases Assign projecttask |mmmmmm——
| have been defined )

[ 2]

Pass Supplier
selection Gate




Phase 2: Model in the loop

J;?'.ﬁ.'. — l

Deliver updated|
FMU2

Thermal Simulation
Expert

& supplier2

Identity best
parameter

Compete
Project Task

iterative
Jati

@ Climate Control
System Engineer

Review and
g Project Leader validate
results

mndqunﬁ ‘

Model and Co-Simulation Formats Used During MIL and SIL Phases

From Simufink and Modekico to FAMU & AUTOSAR code

Climate Control C Ml A g e ma
P———
HMI Wiogelica 24 N 1
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Phase 3: Software in the loop

Climate Control
System Engineer

Treate
R
ngineer Components results

2 Project
Leader ML
OK
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Complete

Review and

validate
deliveries

Complete test
results

Review and
validate
results

siL2
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FMI Exploitation Summary

Viral FMI adoption
more than 30 FMI compatible tools available

@ some 10 more announced

@ 50% outside Modelisar consortium

Viral FMI success outside initial automotive domain

@ FMI tools for flow processes, railway, thermal, fluid and energy industries ...

FMI future organized in a Modelica Association Project (FMI MAP)

Running & future projects to use and improve FMI :

@ MODRIO, CORAC AME, sys2soft, CleanSky ISSE, Ebird

l I'l'll:lﬂl:-b.-l“‘f
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FMI project members — Dec 2012

Project Leader Torsten Blochwitz (ITI GmbH Dresden, Germany)
Steering Committee Atego (GER), Daimler (GER),
Dassault Systemes (FRA & SWE), IFP EN (FRA),
ITI (GER), LMS (FRA & BEL), Modelon (SWE),
QTronic (GER), Siemens (GER), SIMPACK (GER)
Advisory Board Armines (FRA), DLR (GER),
Fraunhofer (IIS/EAS, First, SCAI) (GER),
Open Modelica Consortium, TWT (GER),
University of Halle (GER)
Guests Altair Engineering (USA), Berkeley University (USA), Bosch
(GER), ETAS (GER), Equa Simulation (SWE)

FMI design meetings are open to anyone
Refer to MA & FMI MAP rules for roles

hitp: modelica.org/legal/projects/MA-Proj

FMI Modelica Association Project (MAP) “ﬂﬂ""

The FMI content and IP have been formally transferred by the Modelisar
consortium to the Modelica Association Project (FMI MAP)

Hosted by Modelica Association (but not dedicated to Modelica language)
@ Handling of roadmap, go to standard, dissemination
FMI specifications, enhancements, maintenance, support for implementation
_ FMI MAP rules : organization between participants, compliancy rules
@ Cooperation with R&D projects...
Supporting means (see details farther)
Current status
= Concrete Work started 2012 Q1 (continuity with Modelisar project)
FMI 2.0 specifications available December 2012

https://www.modelica.org/projects
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FMI supporting means

Supporting means:
-« FMI SDK (to demonstrate & start a FMU)

Test repository (FMU examples as reference for cross check )

Compliance checker (check of FMI specifications)
e FMI Web site + wikipedia page
FMI library for import of FMUs in applications

Literature



For more information

FMI web pages (specifications, tools list, rules,
litterature)

Supporting tools (SDK, checker, https://www.fmi-standard.
import library)

Wikipedia link ttp://en.wikig

nal_Mock-up_Interface

Modelica newsletters (some articles on FMI)

odelic:

ora/publications etters

Related papers from Modelica conferences

elica.org/events ca20. roceedings
elica.org/events/modelica2012/Proceedings

Modelica projects (including FMI project)
FMI contact

Modelisar project

FMI exploitation in Carmola project
Dream possible: the Virtual Drive Experience

s
NAVTEQ ADAS RP Driving style Vehicle
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Environmental conditions

Rl |

Journey e Energy Fuel

b

Efficiency
~w Strategy
Results

FMI-based Initiative in Automotive Industry

BMW, Daimler and Ford started in Q2 2012 an initiative to establish FMI as
the standard for simulation model exchange between OEMs and

suppliers
ﬂ DAIMLER
i

These OEMs as well as Chrysler, Fiat, GM, Jaguar Land Rover, Nissan,
Renault, Toyota and Volkswagen signed on Oct 23'9/24% at GAAG
conference a commitment to support this initiative

e T EH R @

— [ ey

Accompanying “Smart Systems Engineering” project with OEMs, suppliers
and IT tool vendors started in October at ProSTEP iViP

PIQ‘ETEP
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MODELISAR prosect swarted B
L] community of innovation projects

ea2.0rg/cosummit2012_achievemen

LO-SUMHIT|

Each year, the ITEA Achievernent award highiights very successful projects with outstanding

contibutions to the [TEA programme. Maior actors include innovation, explotation an

| ributions fo the [TEA Major factors includ & loitation and

‘ digsemination. As [TEA aims to make Europe’s industry more competitive, effective industrial
s Sitaton e proeet eSUFS £ s

Conclusions

@ Open industrial FMI standard
Early and large adoption by tool providers
FMI exploitation by auto industry and evaluations beyond

@ FMI-based initiative of automotive OEMs for cooperation with suppliers started
FMI future handled by FMI Modelica association project

- FMI supported by new collaborative projects
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