
FMI TUTORIAL

2015-01-25 1



•

•

•

•





•

•

•

•



•

•

•

•

•

•

https://app.sugarsync.com/iris/wf/D1068299_77975033_6553767


Installation prerequisites and 

instructions

Tutorial instructions
License for Excel- and Matlab FMI tools
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Modelica / 

1-D Systems Simulation

FMI-based System Simulation

Block Diagrams
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• A component which implements the FMI standard is called
Functional Mockup Unit (FMU)

• Separation of 

 Description of interface data (XML file) 

 Functionality (C code or binary)

• A FMU is a zipped file (*.fmu) containing the XML description 
file and the implementation in source or binary form

• Additional data and functionality can be included

• Information & Interface specification: www.fmi-standard.org

From the official FMI presentation (adapted)
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XML schema (.xsd)

defined by the

FMI specification

From the official FMI presentation (adapted)



• Information not needed during execution is stored in one xml-file:

 Complex data structures give still simple interface.

 Reduced overhead in terms of memory.

Variable names and attributes

Definition of display units

Definition of type defaults

Default stop time, tol. etc.

Tool specific data

From the official FMI presentation (adapted)



• Two C-header files:

 Platform dependent definitions (basic types):

 C-functions:

• 18 core functions

• 6 utility functions

• no macros

• C-function name: <ModelIdentifier>_<name>, e.g. Drive_fmiSetTime"

From the official FMI presentation (adapted)



• Instantiation:
fmiComponent fmiInstantiateXXX(fmiString instanceName, ...)

• fmiComponent is a parameter of the other interface functions

 Opaque void* for the importing tool

 Used by FMU to hold any necessary information.

• Functions for initialization, termination, destruction

• Support of real, integer, boolean, and string inputs, outputs, parameters

• Set and Get functions for each type:
fmiStatus fmiSetReal (fmiComponent c, 

const fmiValueReference vr[], size_t nvr,

const fmiReal value[])

fmiStatus fmiSetInteger(fmiComponent c, 

const fmiValueReference vr[], size_t nvr,

const fmiInteger value[])

• Identification by valueReference, defined in the XML description file 
for each variable

From the official FMI presentation (adapted)



• Import and export of input/output blocks 

(FMU – Functional Mock-up Unit)

• Described by

 differential-, algebraic-, discrete equations,

 with time-, state, and step-events

• FMU can be large (e.g. 100000 variables)

• FMU can be used in an embedded system (small overhead)

• FMUs can be connected together

From the official FMI presentation (adapted)



For example: 10 input/output signals (u/y) for connection and 

100000 internal variables (v) for plotting

From the official FMI presentation (adapted)



• Definition:
 Coupling of several simulation tools

 Each tool treats one part of a modular coupled problem

 Data exchange is restricted to discrete communication points

 Subsystems are solved independently between communication 
points

• Motivation:
 Simulation of heterogeneous systems

 Partitioning and parallelization of large systems

 Multi-rate integration

 Software-in-the-loop simulation

 Hardware-in-the-loop simulation

From the official FMI presentation (adapted)



• Master/slave architecture

• Considers different capabilities of simulation tools

• Support of simple and sophisticated coupling 
algorithms:
 Iterative and straight forward algorithms

 Constant and variable communication step size

• Allows (higher order) interpolation of continuous inputs

• Support of local and distributed co-simulation scenarios

• FMI for Co-Simulation does not define:
 Co-simulation algorithms

 Communication technology for distributed scenarios

From the official FMI presentation (adapted)



• Signals of an FMU for Co-Simulation

 Inputs, outputs, and parameters, status information

 Derivatives of inputs, outputs w.r.t. time can be set/retreived for
supporting of higher order approximation
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From the official FMI presentation (adapted)
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Model Authoring Tool(s)
Low-cost Model Execution Platform

May combine FMUs from several 

tools

Export: exported 

FMU freely licensed
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• True democratization 

of simulation

• Greatly improved 

utilization of models
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Requirements
Formalized 

requirements

Executable model of 

requirements (e.g. FMU)

Physical plant Model of plant
Deployable model 

of plant (FMU)

Software spec
Software model 

or prototype

Deployable model 

of software (FMU)

Deployable model 

of environment

Deploy to team!

Development of a customized workflow to allow 

rapid iterations of plant & software configuration
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Standardized deployment of models

inside and in-between organizations

Mechanical

Control

Systems

“Daimer, QTronic and Vector describe how 

Mercedes-Benz currently uses virtual 

ECUs to validate transmission control 

software for about 200 variants of the 

Sprinter series in a highly automated way 

on Windows PC”

Any Modelica tool

Simulink or Scade
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Commercial 

off-the-shelf

Consulting services

Free open source

Partners / suppliers /

customers / academia

In-house
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Mechanical FMU

Control/Actuation FMU

Hydraulics FMU



FMU Export 

via Model 

Export

PyFMI

Parameters

Results

Functional Mockup Interface (FMI)

FMU Simulator
Custom GUI





Silver allows:

 Easy sharing of 
information/results

 Use of simulation technology by 
non-specialists, without the 
simulation tool

 Protection of IP

 System behaviour on the laptop of 
every engineer (concurrent 
engineer.)

 Extremely fast change-validation-
change cycles (few minutes!)

 Engineers immediately 
experience their changes in a 
system context

Silver runs a virtual prototype:

 On standard Windows PC

 Connecting virtual control and 
virtual plant using SiL-technology

 Using compiled behavioural models 
from many different tools without 
sources

 Allowing efficient and intuitive 
communication definition

 Allowing simple interaction with the 
virtual prototype: User “drives” 
system

FMU export: any FMI compatible tool

FMU import: Silver
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