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Model Exchange

Co-Simulation      

Product Lifecycle
Management

Standardization
Functional Mock-Up Interface (FMI)
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Tool independent
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Standardization
FMI Modular Approach
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Application of FMI
Co-Simulation

Method 3: Bridged connection to a 
Functional Mock-up Unit 
(shared library).
Requires: Simulation tool supporting
FMU export.

Method 2: Bridged connection with
inter process communication
(i.e. sockets).
Requires: Simulation tool with API in 
a programming language supporting
sockets.

Method 1: Direct connection with Java 
interface. 
Requires: Simulation tool with Java API.
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StarCCM+

CON

CON
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Method 4: Bridged connection with
file communication.
Requires: Simulation tool with API 
supporting file handling.

Simulation 
Tool

CON

File

Method 5: Functional Mock-up Unit 
running inside of the Functional
Mock-up Trust Center.
Requires: Simulation tool supporting
FMU export.

FMTC
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FMI

FMI

FMI FMI
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Encrypted model on dedicated server

Collaborative simulation settings

Execution strictly limited 

Shared use of models provided by OEM and supplier

Protection of intellectual property is key issue

Further challenge: Product life cycle management 
(PLM)

Application of FMI
Functional Mock-Up Trust Centre - FMTC
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Continous Product Development Process
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Continous Product Development Process
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Industrial Application of Co-Simulation
Facts & Figures

Interface size > 700 signals

FMU XML size > 12 MB  

FMU XML > 300‘000 lines

Various solver used, e.g. sundials code, 
vendor modified dassl solver, …

Typically developed within specialized
departments and modelling tool
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Model Re-Use
Modularization

Re-use of (sub)-components

Faster development cycle

Lower development costs

Long term stability

Traceability

PLM possible
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Model Re-Use II 
Responsibility

Department B / Tool 2

Department A / Tool 1

Supplier model / Tool 3

Integration tool / Tool 3

Integration environment, providing also e.g. driver, track, driving
scenarios

Powertrain

Wheel suspensions

Operational 
strategy

Tires

Wheel suspensions

Tires

Engine

Single point of truth

CoC responsible for all aspects of
component development

No re-modelling of ‚Department-A-
components‘ in Department B

Integration of (final) supplier
components

Tool-independence -> re-use of 
outer world designs

FMU
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Full
Vehicle
Level

Module 
Level

Component 
Level

Real-time Interaction
FMI and Co-Simulation

Requirements
(Word, DOORS, …)

System modeling
Co-simulation configuration
(ICOS, SystemDesk, XML, …)

Model-in-the-loop 
(MiL)
System simulation Software-in-the-

loop (SiL)
Software validation

Hardware-in-the-
loop (HiL)
Hardware validation

Problem: 
Efficient integration of 
RT-Systems?
• Standardized
• Methodology
• Distributed

Simulation Model Interface is 
addressed by FMI
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Real-time Interaction
Advanced Co-Simulation Interface

ACI integrates real-time systems and simulation environments

ACI … Advanced Co-Simulation Interface

ACU … Advanced Co-Simulation Unit

(e.g. engine
testbench)

RT SystemNon-RT PC or Computing Cluster

ACI Communication Layer

Communication Systems

Wired
Communication

(e.g. CAN)

Wireless
Communication
(e.g. BlueTooth®)

Interprocess
Communication
(e.g. shared  mem.)

Functional 
Framework

Smart Functions
(e.g. adaptive coupling)

ACU 1 ACU 2
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Holistic Tool Integration
Co-Simulation
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Holistic Tool Integration
Co-Simulation
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Summary

Network 
communication

Efficiency

Standardization

Real time interaction

Global networking

Cost saving

Model Re-Use

Interfaces

Functional Mock-Up
Trust Centre
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Thank you for your attention

Ulrich Wurstbauer

ulrich.wurstbauer@twt-gmbh.de

Jenny Malig

jenny.malig@twt-gmbh.de
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ACI Architecture (draft)

Media Driver

ACI Driver*

ACI protocol*
(logic)

Model, Function, 
Application, …

Media (e.g. bus) runs a communication protocol

ACI driver: Standardize mapping
from ACI protocol to transport
protocol. Contains no execution logic.

Media driver: Proprietary or self-written
libraries, executables, scripts, etc., directly
controls the communication media

Proprietary or custom API

Key
* Subject to standardization
~ Specification but no standardization

ACI communication API*
exchange of rx/tx ACI messages

ACI protocol or ACI logic: Defines the
sequence and contents of ACI messages
to be exchanged between ACUs in order
to carry out specified ACI functions. May 
be monolithic within model or RT 
system.

ACI control API~
Convencience API, reference

implementation will be available, 
not subject to standardization

Model or Function
Subject to integration with
other models or RT systems

ACU 1

ACU 2


