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Modelica / Dymola Makes Objects Dynamic
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Model Knowledge

Dynamic system model knowledge

* has been developed over many centuries

* is stored in books, articles, reports and human minds
 which computers can not access
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Dynamic system model knowledge

Hybrid Differential Algebraic Equations (DAE) ¢ = f(ﬂn_x,,,_.-,pm)
 Algebraic equations a
* Ordinary differential equations

* Event handling and sampled control
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Modelica Association

Non profit organization (www.Modelica.orq)
Defines Modelica language and standard library
Started 1996, >50 members, >60 design meetings

Released Modelica language specification 3.1
on May 27, 2009

53’rd Modelica Design Meeting at Dynasim pr
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Model Knowledge

Mechanics
* Newton’s laws
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model Mass "3liding mass with inertia™

parameter Modelica.>Tunits.Maszs mimin=0)

"masz of the zliding mass":

MOTUS

Lex. L

extends Mo

Modelica. 3

Modelica.d
equation

v = deris)

derim*w) =
end Mass:

1 DL S

model Mass "Sliding rmass with inertia”
pararmeter Modelica, SIunits.Mass mi{min=0) "mass of the sliding mass";
extends Modelica, Mechanics, Translational Interfaces, PartialRigid(L=0);

Modelica.d
Modelica.d
v
dmy | %
df 7 Eramea.R
{0}
end Mass &

LTI .
IMITETINT -

Modelica text

a

end Body

SLAngle phil3]istart=phi_start, stateSelect=if enforceStates then (it
useQuaternions then StateSelect.never else StateSelect.always) else
StateSelect,avoid)

"Durnrny o 2 angles to rotate world frame into frame_a of body";

SLAngularvelocity phi_d[3](stateSelect=if enforceStates then (if

— useQuaternions then StateSelect.never else StateSelect.always) else
StateSelect.avoid) "= der(phil";

SLAngularacceleration phi_dd[3] "= der(phi_d)";

frame .7,
Frames. from_O |2, Frames Quaternions angularVelocity2 (Q,

Frames. Quaterrions. orientationConstraint ()

wortld gravityAcceleration (Eramea.:r"D + Frames.resolvel [:Eramea.R,rCM))

d frame .7,

dit

Frames. angularVelocity2 (Era.mea. R)

frame_f = m- (Frames.resolve2 (fra.mea.R,c:rU - gu) tZ F WL W

Eramea.f = f-zﬂ + wa,f-wa + rCM,Era.mea.f
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Model Knowledge

Thermo and fluid dynamics

Internal-combustion engines 41 7

Thermodynamic comparative cycle as shown In the p-V- undT § diagrams
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wodel JimlriNoitates "Simple orifice model for turbulent £low.™

extends HyLib.

parameter Mod
parameter ERea
Modelica. 3Iun
equation
qunsigned = d
q = noEwvent(i
end Fim0riNofta

Modelica text

L 2
Whare palps = | TJ/T.)¥-1 = (Ty/Tu) %=
and Ty = T3 (T4/T2) thus
iy =1 - (T2'Ta)
Current gas-lurbine powerplanis achieve
tharmal efficiancies of up to 35 %.
Advaniages of the gas turbine: clean ex-

. . . P . . is  haust without supplementary emissions-
Restrictions.Basic.0rificePartial; centrol devices: extramely smacth run-
static tar-
. u n . . n H
rmodel SimOriMoStates "Simple orifice model for turbulent o, pintenance
extends HyLib, Restricrtinns. Basic. CrifirePartial: casts sil
Jmnda\ CheckValveNoStates &; highar
"SpringHoaded check valve with laminar fturbulent flow,” .
pararneter Mode srsemsi= s s for Tow
n - -
arifice cliammet] swemetsr weceics st sesaure pessecis mineo) 165
“pressure to start opening the valve";
parameter Modelica Slunits, Pressure popen(fing min=0) = 12585
parameter Real | s i e rosser
M Ij I SI . t parameter Madelica, SILrits, Diameter diameter(min=0.0)=1.e-3
“diameter of equivalent orifice”;
D E Il:al ur-" 5 parameter Interfaces, HyLibUnits Conductance Gleak=1.e-12
“ronductance of leak:
parameter Real kL(unit 10. “larminar part of arifice model”;
d parameter Real k2(urit="1",min= 2
- “"turbulent part of orifice model, k: 1fCda
qmslgrla d = —— parameter Boolean reduceEvents= true "if true, reduces number of events”;
Riesl closed(start=0.0) “valve closed, orly leakage";
Real open(start=0.0) “valve wide open’;
Real bopen;
Modelca.Slurnits, VolumeFlowRate gopen;
if reduceEvents then
g =n mm=mmmﬂﬁ4;®“mﬂ
open = noEvent L0 E dp > popen
0.0 else
else
10 i dp<pelosed
H H closed =
end SirnCrikoSta {u b ok
10 i dp>popen
open = —
0.0 else
end if
 (dr® prop +% prop p* + 5 dameter’ 12-noBvers | popen ) Prop » - kL. Prop v Bram ) detneter - Modetica Constams 5
fopen = Sk2-Prop p
bopen = —aP0___
popen — pelased
dp+GLeak i closed > 0.5
(1}1{1’ Prop.v* Prop ° + 8 diameter’ k2-noEvent | | dp |) Prop p - ki - Prop.v Prop p) diameter - Modslica, Constants. = ?
+dp-Gleak if open® 0.5 —
port, g = smooth |0,noEvent 812-Prop o .
2 E
(dp lenSEd)l hn:an+ iy GLes e
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Part of Modelica Standard Library
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Examples of Commercial libraries

e PowerTrain
e Electric drives
e Vehicle Dynamics
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EUROSYSLIB in one slide

Initiated by DS & DLR
2
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Outcomes - Free Modelica Libraries

It is planned that the following 11 EUROSYSLIB libraries will be provided

without cost and as open source software:

e Modelica_Fluid (ABB, DLR, Dynasim...)

e Electric.Analog lib extension (Fraunhofer)
e SPICE library (Fraunhofer)

e FluidDissipation (XRG)

e Two PowerPlant libs (EDF, ABB/Siemens)
e Modelica_LinearSystems2 (DLR-RM)

e Modelica_Controller (DLR-RM)

e StateGraph2 (Dynasim, DLR-RM)

e EmbeddedSystems (Dynasim, DLR-RM)

e \Vehiclelnterfaces (DLR-RM)
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Outcomes - Commercial Modelica Libs

It is planned that the following 16 EUROSYSLIB libraries will be commercial :

DesignOptimization (DLR-RM) id
MultiField library (DLR-RM)
SmartElectricDrives library (AIT)
ElectroMechanical library (LMS)
ThermoHydraulics library (LMS)
HumanComfort library (XRG)
ControlDesign library (DLR-RM)
TrueTime library (Lund University)
Engine Libraries (Claytex, IFP)

Tyre Library (Kammerer)

Mechatronic Opening library (Kammerer)
Heat Exchanger Stack and Under-hood library (LMS Imagine)
VehicleControl library (DLR-RM)

(i




EUROSYSLIB in the Modelica Conference 2009

- Tutorial 3: Simulation of Electrical Machines and Drives Using the Machines and the SmartElectricDrives Lib

- Stream Connectors- Extension of Modelica for Device-Oriented Modeling of Convective Transport Phenomena
- Standardization of Thermo-Fluid Modeling in Modelica.Fluid

- FluidDissipation for Applications a Library for Modelling of Heat Transfer and Pressure Loss in Energy Syst

- Preliminary Design of Electromechanical Actuators with Modelica

- Operator Overloading in Modelica 3.1

- Advanced Simulation of Modelica Models within LMS Imagine.Lab AMESim Environment

- HumanComfort Modelica-Library Thermal Comfort in Buildings and Mobile Applications

- Redundancies in Multibody Systems and Automatic Coupling of CATIA and Modelica

- Investigating the Multibody Dynamics of the Complete Powertrain System

- Modelica for Embedded Systems

- A New Formalism for Modeling of Reactive and Hybrid Systems
- Improvement of MSL Electrical Analog Library

- News in Dymola

- SPICE3 Modelica Library

- Modelica Libraries for Linear Control Systems

- Linear Analysis Approach for Modelica Models

- TrueTime Network - a Network Simulation Library for Modelica :
- Simulation of the Dynamic Behavior of Steam Turbines with Modelica
- The AdvancedMachines Library: Loss Models for Electric Machines




Dymola
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Virtual testing of system behavior ray |

Dymola

Multi ineenri i (v
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Modelica for Embedded Systems

H. EImqvist’, M. Otter?, D. Henriksson', B. Thiele?, S.E. Mattsson’

'Dassault Systemes (Dynasim), Lund, Sweden
2DLR - Institut for Robotics and Mechatronics, Oberpfaffenhofen, Germany

_ : DASSAULT
in der Helmholtz-Gemeinschaft SHTEMES

# Deutsches Zentrum 275 3 ITEAZ eurosysliby,
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Outline

1. Overview

2. Basic ldea

3. Modelica_ EmbeddedSystems Library
4. Modelica Language Extensions

5. Outlook
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1. Overview

—- Modelica is used for advanced controller applications since 2000
(using the non-linear plant model in the embedded system). Examples:

courtesy ABB

Boiler startup optimizion y AB Autoland controller by DLR Robot vibration control by DLR
(non-linear model predictive control) (non-linear dynamic inversion) (non-linear inverse model)
But:

Currently only for specialist, with manual coding for production code

Goal:
Complete tool chain for model based controllers,
especially with non-linear Modelica models in the controller:

non-linear plant model — controller design — target deployment
(including cheap microprocessors

without floating point unit)
Deutsches Zentrum 2
DLR fiir Luft- und Raumfahrt e\, p:;
in der Helmholtz-Gemeinschaft DASSAULT
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- Complex control systems in cars

Function

Yehicle Functions

ECUs Onboard the Vehicle

Schauffele and Zurawka; Automotive Software Engineering;
SAE International, 2005

— Separation of logical design (vehicle functions)
and mapping to physical architecture (ECUs)

But:
The logical model needs to be partitioned for different applications

‘#7 Deutsches Zentrum P
DLR fiir Luft- und Raumfahrt e\, DS
in der Helmholtz-Gemeinschaft DASSAULT
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Controlled Systems

System Model

Flat Logical Model

BN BN

Controlled Subsystem

Physical Subsystem
Control Subsystem

1#7 Deutsches Zentrum ?S Slide 27
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X-in-the-loop Simulation
Logical Model

B B

- Physical model Model-in-the-Loop

Software-in-the-Loop

Hardware-in-the-Loop

Control model

I Interface

Production Code

1#7 Deutsches Zentrum 7 ]
DLR fiir Luft- und Raumfahrt eV. DS Slide 28
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Partitioning of Logical Model

\

Simulation of logical model
—~ variable step size integrators
= Controller: ideal [continuous], synchronous controllers

Model-In-the-Loop (MIL) simulation
7 Controller — Plant interface modeled (sampled, delays, noise, etc)

— Software-In-the-Loop (SIL) simulation

7 Controller — Plant decomposition, Task — subtask decomposition, [fixed point
representation]

\

\

Hardware-In-the-Loop (HIL) simulation (real-time)
7 Plant: fixed step size integrators, multi-rate, I/O coupling

=7 Rapid prototyping (real-time)
== Controller: multi-tasking, 1/0 channel assignment, bus communication

— Production code (real-time)

=7 Controller: embedded in ECUs, multi-tasking, [fixed-point representation,] I/O
channel assignment, bus communication

Goal: One logical model, many different mappings
without changing the logical model

# Deutsches Zentrum P
DLR fiir Luft- und Raumfahrt e\, Z? )
in der Helmholtz-Gemeinschaft DASSAULT
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Example: Todays Approach

glohal

inverse

axizBus?

axizh
axizBus
mechanics
.
L] "
. axizs 7
. awisBuss
. g
-
L]
: axizd ]
g axisBus4
fin] 4
2
g ' 3
o axizd
o n axizBus3 7 wreml
-
] animation
1
axiz2 b
axisBus2 sarorld
¥
H
szl £
axizBus1

Every mapping, like,

continuous/sampled simulation,

download to one or three processors,

other device drivers

with/without floating point unit on target
requires copying and restructuring of model

‘#7 Deutsches Zentrum P
DLR fiir Luft- und Raumfahrt e\ Z?S
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(prepare for download):
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2
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grey : reference motion

color: exaggerated
actual motion
(factor = 50)




Example: New Approach

global controller
(e.g. path planning)

axisBus?

axizBusE

axizBuss

axisBus4

axizBus3

controlBus

axizBus2

axizBus1
i

[]
'-"'-"'-"'-"'-"'-"'-"'""'-"‘“"'-"'-"'-"'-'"-"'-"'-"'-"'-"'-"

e
0
0
0
0
0
‘e
0

Inherit from logical model and
define mapping to target system

local controllers are in
corresponding submodel

.
o,
.
L
.
.
L
L
.,

& (no change of logical system)

‘#7 Deutsches Zentrum P St
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controlBus

axizBus?

axizBusg

axizBuss

axizBus4

axizBus3

axizBus2

snglouogsiE

gain2
controller: Speed (P

=ratio

Cortroller; Position (P
gain

aciod P | acdd3 Pl

=ratia +1 +1
foy S
— ™ — ! -1

k=kp T=Ts

motorSpeed
=

fem  motarAngle | referenceCurrent i
W L

e

i referenced |z

a8

Nt
= \Eferencey” . a

N

controlBus

177S

in der Helmholtz-Gemeinschaft DASSAULT
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Important:
Mark submodels to be specially handled




2. Basic Idea

Ts=1ms

Ts=5ms 7 continuous

|
controller: ref \ controller: feedhack \ / plant
/ torgue load

= feedback i \ Joad
e T = =
f Q) » f_“"/ o 't"a'u,:j:*\ [ T

J=10
duration=2 T=0.1

Josuacpaads

1. Mark boundaries — Logical model is partitioned in to submodels

2. Make a new model and inherit from logical model

3. Add submodel properties at the boundaries (for input and/or output)

4. Add device drivers at the boundaries (replaceable models)

5. Add target definitions at the boundaries; download selected submodels

# Deutsches Zentrum .

DLR fiir Luft- und Raumfahrt e\ Z,f§,
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caontroller: ref controller; feedback plant

ramp Fl

feedback torgue load
. LSk ) 4R T Tl
f ) » T_ &g / Q) - ,j\ TH T
A J=10

duration=2 T=01

Josuaspaads

3

Different communication possibilities:

=7 Direct communication (ideal simulation: y = u)
— Simulated communication (y = f(u); sampling, delay, value discretization, ...)

- Communication between two subtasks
(in same task but different sampling; synchronous equations)

—- Communication between "two tasks", or "task to device" or "device to task"
(communication via devices, e.g., shared memory, UDP, CAN-bus, ...;
asynchronuous equations)

# Deutsches Zentrum 7
DLR fir Luft- und Raumfahrt eV Z 7
in der Helmholtz-Gemeinschaft DASSAULT
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3. Modelica_EmbeddedSystems Library

[IModelica_ EmbeddedSystems
=6 Users Guide

= JExamples

2 TInterfaces
~¢-CommunicateReal .
--@CommunicateBooIean"”u.,
~e-Communicatelnteger '
s JBaseReal

s JBaseBoolean
#JBaselnteger
#@Communication,,

#OIdeal '
#@Simulated

T Template

#TInternal
=JConfiguration .,
-BTarget .

- E Task

-t Subtask

-r Bus

#JTypes

#JIcons

# Deutsches Zentrum 7.
DLR fiir Luft- und Raumfahrt e\
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Free library to define the mapping for

embedded systems

(T
¥
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o
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o
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o Q : H
o o : :
0 o : H
0 o H :
. o : B
e, K : H
KX o ; :
. 0 : :
. o
., R
4 ; H
0
. Fa) i o)
0
.
0
0

S
.,
L |

ubirect

.,.‘
Actual blocks for
communication

[ Defining task,

subtask, target

in der Helmholtz-Gemeinschaft DASSAULT
SYSTEMES

replaceable blocks for

—7 direct communication
(for simulation)

=7 signal to hardware driver
=7 signal from hardware driver



Example

controller: ref controller: feedback plant
ramp Fl
feedback torgue load
1
o { :}) 5 > - =0
" tau f/jﬁ\ —
J=10
curation==2 T=041 4 i
£
i
g
:T 8
comedi i
o | \

defines configuration of embedded system

(sampling, ECUs, initialization of device drivers, ..

‘#7 Deutsches Zentrum P
DLR fiir Luft- und Raumfahrt e\ Z?S
in der Helmholtz-Gemeinschaft DASSAULT
SYSTEMES

)

Defines splitting in task/sub-task,
device drivers,

references configuration




Dhrect Cammunication [zame model! subtaszk)
Cormmunication bebween bwo zubtazks
Communication bebween bwo tazks
Communication to a part

Communication from a part

|

| Select the desired communication type.
Based on the selection, only the
relevant menu items are enabled

Communication bebweel input and output |
communicationT ype stems.Types.En:nmmunic:atin:nnType.DirectEDmmunicatiDnil 3
framlnputT ol Litput I Simulated DA ar AD camverter black]...] ;I 3
I’eriud“inSubtask.samp eniodFactor] if uzel oFart ;I - 3

actor] if useFromPert ~| [l »

toPort

fromPart IJd“DutS ubtazk, zampleFer

Sampling and other configurations of subtazk to which i

Type of communication

Communication block [simulated or zubtazk communication]

Communication port to which the input ignal iz tranzmitted

Communication port fram which the output zignal iz received

b andor output belongs [if de-activated, the information iz defined zomewhere elze]

defineln5 ubtask, I \ Lipie vl b = tre if samnlingdennfionrabion o ot = defined
Sampling and noise
define0utSubtazk I
IS ubtask I Modd  sampled Iv ¥ = krue, if oukput is sampled
basesampleRate 0.002 » s Base sample rate of task {just For the moment)
outSubtazk hdiadg
sampleFactor I 10k Sample Fackar relative bo base sample rake (just for the moment)
compukationalbelay I 1k Computational delay given as fraction of one sample period (min=0,max=1}
communicakionCelay I 0+ s Time delay due ko communication
noisy I ;I k = true, if outpuk should be supetimposed with noise
noise I j =
here: Limiting and quantization
SImUIated Commun|Cat|0n limnited v v = true, if oubput is limited
Wlth effeCtS Ilke quantized I krue ;I * = krue, if oukput quantization effects included
delay! nOISe7 I|m|tat|0n ’ I I 1k pper limit of oukput GF limiked = Eroe)
y reee min -10 ¢ awer limit af autput (F lirmited = krue
quantization i 0 Lower limit of output GF limited = trus)
bits I k Mumber of bits of quantization {if quantized = true)
# Deutsches Zentrum p )
DLR fiir Luft- und Raumfahrt eV, p Slide 37
in der Helmholtz-Gemeinschaft DASSAULT

SYSTEMES




Sampled Controller

—— pathPlanning path.qd[6] ——— pathPlanning path.gd[6] axizh.axisControlBus speed axizh axisControlBus.
0.a
0.6
04
o]
=]
i
=
0.2
edeclare fromInputToOutput in RobotR3_Partitioning.fullRobot_simdiscr
0.0 Cormponent Icon
MName ‘ redeclare fromInput ToOukput | SimulateciRe. ..
-0.2 T T T T T T T T T T Comment ‘ | J|vr'rte rea
0.00 0.04 0.05 naz 016 0.20 Model 24
Path Modelica_EmbeddedSystems. Cammunication. Simulated  SimulatedR ealCommunication

Comment Simulated D& or AD converter block

axizh axisCortrolBus current_ref axish axisControlBus current_ref

sampled 3 = true, if out sampled
o4 baseSampleR.ate > H Base sample rateghf task (just for the moment)
n
W 1 or relative to base sample rate (just For the moment)
3 computationalDelay 0.0 |r Computational delay given as fraction of one sample period (min=0,max=1}
B communicationDelay ’ 5 Time delay due to communication
noisy False [we||» = true, if output should be superimposed with noise
Limiting and quantization
-5
limited O 3 = true, if output is limited
quantized | true |' = true, if output quantization effects included
-8 max | 10 | 3 Upper limit of output (if limited = true)
min | -10 | 3 Lawer limit of autput {if limited = true)
=10 T T T T T T T T T T bits | 2 | 3 Mumber of bits of quantization (if quantized = krue)
0.0a 0.04 0.05 012 016 0.z20
[ 0K I [ Info ] l Cancel
Deutsches Zentrum j ]
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Sampled Controller with Delay

[radr=]

—— pathPlanning path.qd[6] ——— pathPlanning path.gd[6] axizh.axisControlBus speed axizh axisControlBus.
0.a
0.6
0.4+
0.2+
edeclare fromInputToOutput in RobotR3_Partitioning.fullRobot_simdiscr
General |m‘
0.0+ Cormponent Icon
MName ‘ redeclare fromInput ToOukput | SimulateciRe. ..
-0.2 T T T T T T T T T T Comment ‘ | J|vr'rte),;ea
0.00 0.04 0.05 naz 016 0.20 Model
Path Modelica_EmbeddedSystems. Cammunication. Simulated  SimulatedR ealCommunication
. . . . Comment Simulated D& or AD converter block
axizh axisCortrolBus current_ref axish axisControlBus current_ref
2 Sampling and naise —
sampled 3 = true, if output is sampled
o4 baseSampleR.ate > H Base sample rate of task (just for the moment)
sampleFactor 1l Sample Factar relative ko base sample rate (just For the moment)
3 {putaﬁabalay > Computatiol 3y given as Fraction of one sample period (min=0,max=1}
B communicationDelay [ Time delay communication
I — ]
noisy ' - = true, if output should be superimposed with noise
Limiting and quantization
-5
limited O 3 = true, if output is limited
quantized | true |' = true, if output quantization effects included
-8 max | 10 | 3 Upper limit of output (if limited = true)
min | -10 | 3 Lawer limit of autput {if limited = true)
=10 T T T T T T bits | 2 | 3 Mumber of bits of quantization (if quantized = krue)

0.0a

016

Deutsches Zentrum
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Sampled Controller with Input Noise

—— pathPlanning path.qd[6] ——— pathPlanning path.gd[6] axizh.axisControlBus speed axizh axisControlBus.
0.a
I
=]
st
=
redeclare fromInputToOutput in RobotR3_Partitioning. fullRobot_simdiscr
. General | Add modffiers |
0.0+ Cormponent Icon
Mame ‘radeclare FromInput ToCutpuk | SiT_uIatedR_g i
0.2 T T T T T T T T T T Comment ‘ | )lerﬂi;ea*;
0.00 0.04 0.05 naz 016 0.20 Model
Path Modelica_EmbeddedSystems. Cammunication. Simulated. SimulatedR ealCommunication
. . . . Comment Simulated D& or AD converter block
axizh axisCortrolBus current_ref axish axisControlBus current_ref
Sampling and naise —
sampled 3 = true, if output is sampled
baseSampleRate bPos EBase sample rate of task (just For the moment)
sampleFactor » Sample Factor relative to base sample rake (just For the marment)
cormputationalDelay » Cornpukational delay given as Fraction of one sample period (min=0, max=1}
S ———rere
COMMILGIS ime delay due to communication
noisy trug v |» =trueg, | b should be superimposed with noise
limited O 3 = trug, if output is limited
quantized | true |> = trug, if output quantization effects induded
max | 10 |> Upper limit of output {f limited = krue)
min | -10 |> Lawer limit of output {F limited = krue)
12 T T T T T T T T T T bits | il |> Mumber of bits of quantization {if quantized = true)
0.0a 0.04 0.05 012 016 0.z20
[_ Ok J l Info I [ Cancel
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Sampled Controller with Output Quantization

[radr=]

—— pathPlanning path.qd[6] ——— pathPlanning path.gd[6] axizh.axisControlBus speed axizh axisControlBus.
0.a
m |
0.6 — = c
0.4+
0.2+
redeclare fromInputToOutput in RobotR3_Partitioning. fullRobot_simdiscr
General |m‘
0.0+ Cormponent Icon
Mame ‘radeclare FromInput ToCutpuk | SiT_uIatedR_g i
-0.2 T T T T T T T T T Comment ‘ | )lerﬂi;ea*;
0.00 0.04 0.05 naz 016 0.20 Model
Path Modelica_EmbeddedSystems. Cammunication. Simulated. SimulatedR ealCommunication
. . . . Comment Simulated D& or AD converter block
axizh axisCortrolBus current_ref axish axisControlBus current_ref
Sampling and naise —
sampled 3 = true, if output is sampled
0 baseSampleRate bPos EBase sample rate of task (just For the moment)
sampleFactor ] Sample Factor relative to base sample rate (just For the mament)
computationalDelay l:l ] Computational delay given as Fraction of one sample period (min=0,max=1}
communicationDelay l:l b5 Time delay due ko communication
-4 < noisy False [we(» = true, if output should be superimposed with noise
noise I if aablal —
&4 limited 3 = trug, if output is limited
quantized | true v|> true, if autput quantization effects included
max | 10 |> Uglper limit of output {F limited = krue)
min | -10 |> wer limit of autput (if limited = true)
12 T T T T T T N bits | 4 |> Mumber of bits of quantization {if quantized = true)

0.0a

016
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controller: ref controller: feedback nlant

ramp &l

feadback
a1 B Ju/d i

duration=2 T=01

comedi / O -

‘D
g
2
2
5
.
Ic—.
g
2
E

Ansuaspaats

] /

=8 i/

Cnmmunicatim%input and oukput

communicationType Ia@}SQI:ems.Types.Cu:ummunicatiu:unT‘;.fpe.TaskCu:ummunicatiu:un;IP

FromInputTaCukpuk I \ j £E )
EoPark Iﬁ \ Camedi: WriteRealToPaort j =

FromPart I &b Comedi: ReadRealFromPort j EE\

Type of communicakion

Communication block (simulated or subtask cormrmunication’)

Communication port ko which the input signal is transmitted

Communication port From which the output signal is received

Sampling and other configurations of subkask to wWch input andjfor output belongs (f deNctivated, the information is defined somewhere else)

definelnsubktask.

defineCutsubkask,

insubtask,

|
|
|
outSubkask, I

here:

communication between two tasks

input : Writes to hardware (comedi driver)
ouput: Reads from hardware (comedi driver)
The properties of the task at the input are
defined by config.fastSampler

# Deutsches Zentrum P
DLR fiir Luft- und Raumfahrt e\, Z? )
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= true, if sampling/configuration Far input is defined

= true, if sampling/configuration for oukput is defined

Sampling)configuration For input

Sampling)configuration for oukput

samplePeriod
maxvalue
min'alue
comediConfig
subDevice
channel

range

aref
dACResolution

signalGain

parameters of redeclared
model (comedi device driver)




caontroller: ref

contraller: feedback

) Configuration of architecture
o e e e A (here: multi-tasking on one machine)
Cﬁd\ 04
EE‘\
. ]
Target machine [~ e
.................................................. IS
Task and processor
. ) DetaultTarget
(on target machine) | e
.................................... cartraller Task plartTask
Sampling and integrator (in task) . || 7 -
controller plant
on target on target
inTask I controller Task, |[EE] »
idertificr I "slowSampler” B slowSampler fast=ampler cortinuous
samplingT';..fpe I Types, SamplingType. Periodic ;I * - -
sarmplePeriodFactar I Sk D ——
sampleCffsetFactar I 0B slowSampler fastSampler “plantTask

integrationtethod I

fixedStepSize

Types. Integrationtethod, FixedStepTrapezoid LI k

I samplePeriodFactor¥inTask. sampleBasePeriod |k

5
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4. Modelica Language Extensions

Modelica extensions developed for the mapping concept:

7 u = Subtask.decouple(y);
(@) u =vy; (b) uand y are in different subtasks.

—  parameter Modelica.SIunits.Time sampleBasePeriod;
RealInput u annotation (mapping (

target (identifier = "abc"),

task (identifier = "slowTask",
sampleBasePeriod = sampleBasePeriod),

subtask (identifier = "reference",

samplingType=Subtask.SamplingType.Periodic)))

7 Extension included in Modelica 3.1
=7 Partial prototype in Dymola

=7 Several device drivers (some will be made public)

# Deutsches Zentrum A ]
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5. Outlook

Near future:

—~ Full support in Dymola in the near future.

— Release of Modelica_ EmbeddedSystems, including some
free device drivers (keyboard, game controller, PC speaker, ..)

Planned for Modelica 3.2;

— Extension of concept for enabled/triggered tasks
(currently only for continuous and for periodic tasks)

7 Improving definition of "time" and of "event accuracy":
"time" is an integer type of defineable precision per partition (e.g. 1ms)
"events" occur only at multiples of base time.

7 Built-in timer to simplify time event definitions

— Define mapping of "Real" to "Integer type"
(if no floating point unit on target)

# Deutsches Zentrum 7
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Interface to dSPACE Systems

Allow HILS and rapid prototyping of
Dymola models on dSPACE targets
without The Mathworks RTW

Simulation framework and I/O drivers
implemented from dSPACE real-time
library APIs

Configuration and communication
blocks based on
Modelica_ EmbeddedSystems

[CJDSPACE _Interface

+ [ J|Examples

: (]| enfiguration
+ (051103

+ (Jpsza01

4 [Jpszonz

+ EDSEIDI

+ EDSEIDZ

+ EDSEEDI

+ |jD543|:|2

=| (]| Communication

+ [JExternalC

+ [Jps1103
: EDSEDDI
f_\l-.ﬁ.nalnglnput
+ EDSEDDE
: EDSEIDI
-ﬂ AnalogCukput
+ [Jpsz102
4 (Joszz01
5 [Jos4anz
-ﬁ Transmik:
FoReceive
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Interface to dSPACE Systems

ControlDesk Developer Version - clutches

12

File Edit Yiew Tools Experiment Instrumentation Platform  Parameter Editor CAM  Window Help

B w s | e

W

D)

M . == '::be By | X || 4

_Jz.

2 Q:\ Sirnulink, &5 cliiciizs r—_”E'rX'
(SRS Local Syskem
-] ds1005

2.4
22

Outputs s1

20

= £
E £ 55
& 0o010{ g 0.0010 n
(1) = T
z & 5
s £ £ 50
2 - E
— o
% 0000s) T 00005
= K 45

Al el | |
T nl n ] RIS

ﬂ = B] coupledclutches Variable |Size |Type Qrigin |Descripti0n
=} Model Variables SamplePeriod 1x1 Floatleeetd Period of Task 1 (seconds) ﬂ
(D Outputs Priority 1x1 Ink3z Priarity of Task 1
4 ED Parameters MaxOverruns 1x1 Ink3z Maximum number of queued overruns For Task 1
+- [ Ausiliary OrverruniCount 1x1 Int32Ptr Current number of queued overruns for Task 1
= ED EESITI'{:SFIS‘I TurnaroundTime 1x1 Floatlese. .. Turnaround time For Task 1 {seconds)

| | | [\Log\ﬁeuuer)\lnterpreter}\FlIeSeIecmr)\r" L] Sdym2dskcoupledclutch .sdf/

9

ALULT
ENES

|

For Help, press F1. EDIT MM 2009-02-19 |12:11




Interface to LEGO Mindstorms NXT

Standard I/O components

e Light sensor
e Sound sensor
e Touch sensor
e Ultrasonic sensor Y ’ -
e Servo motor d
= EI@LEGO_Mindsmrms
Third party sensors ) Examples
e Acceleration sensor (HiTechnic) B (] Communication
e Gyro sensor (HiTechnic) B J ECRobot
- d #[T]Light>ensar
e Acceleration sensor (Mindsensors) (5 ServoMotor
Bluetooth communication @ (] SoundSensor
. #[T] TouchSensor
Atmel ARM7 main processor ® (] UltrasonicSensor
Atmel ATmega48 microcontroller = [JHiTechnic
#[]AccelerationSensor
for A/D and PWM # ] GyroSensor

= [JMindsensors
[CJACCL_Nx_v3
(] ExternalC
# [ Components

P8
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Code Generation for Fixed-point Arithmetics

e Declarations

e Equations

/* output Modelica.Blocks.Interfaces.RealOutput ramp.y(
min = 0.0, max = 100.0) annotation(mapping/
resolution = 0.01)); */

int ramp yFP = 0; f* Q[7, 0] */

/* parameter Modelica.SIunits.Time ramp.duration|(
min = 0.0, max = 50.0) = 10
annotation (mapping(resolution = 0.001)); */
int ramp durationFP = 320; /* Q[e6, 3] */

/* parameter Real ramp.height(min = 0.0,

max = 100.0) = 100 annotation (mapping/
resolution = 0.001)); */
Fint ramp heightFP = 1600; f* Qr7, 41 */

/* ramp.y = ramp.offset+(if time < ramp.startTime
then 0 else (if time < ramp.startTime+ramp.duration
then (time-ramp.startTime) *ramp.height/
ramp.duration else ramp.height)); */

ramp yFP = (((ramp offsetFP << 4) + {{{{timeFPU_U << 4]
< ramp startTimeFP) ? (0 << 4) : ((((timeFP0 0 << 4)
< (ramp startTimeFP + (ramp durationFP << 9))) 2
((((((timeFP0 0 << 4) - ramp startTimeFP) / 32) *
(ramp heightFP / 32)) / ramp durationFP) << 1)
ramp heightFP)))))) / 16;

ormation

ULR

P,

25
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Lego Segway control




Modelica external device applications at DLR

— Extensive use of human interface devices for interactive (real-time)
simulations in two major use cases

1. To help simulation developers to quickly get interactive feedback
about the reaction of their model to certain stimula

2. For real-time simulators including prototype hardware components
(e.g. Force-feedback steering wheel for Steer-by-Wire application)

‘Eﬁﬂbﬂﬁﬂ

B chassis

s il
Modelica model

 —

Dymola/Modelica based driving simulation
(Modelica) simulation (visualized with DLR Visualization library)

Deutsches Zentrum
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Use cases in the simulator development process

Force-feedback steering
wheel for real-time
driving simulation

Interactive model stimula
for simulation developers

Non-interactive
simulation

covboardinu Gamecontroller Steeringheel
Hardware eyboardiny e : e L
device input > @ =
Blocks - o
Several driver ARETER [y ISITAY ilSITA : EISITA 3

. . IL i L g |
implementation L ol | srae o 47'0';0 D 9 .
I name.,;< " name.:l - name-ll#

Replaceable ISIT.

> 1. C

driver model |

driver

controlBus

signalRoofBox
‘ —‘ H I
| | .
——lF 1 il
nvelln O3 og
=]

. Set1
Af——=— [k

‘#7 Deutsches Zentrum
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Overview of device libraries used at DLR

g [ JEmbeddedsystems_Linux \\
%;ers e (Real-time) Linux devices (based
xamples i
Jadspter on Modelica EmbeddedSystems)
EI [CJcAm_Bus i
B Jeaniz /?_I ﬁ CarmmmunicabionfStWindows
[canconfia Windows device support [JEcamples
- canwriceReal = [ Jkeyboard
- DCANReadReaI .. |:|'=Keyl:u:uarl:ll<ey
g CAMNvwriteInteger 5 Internd
= CAMReadInteger .
o irkermel Support for Softlng‘ S [ JGamecontrollsr
B (JTvpes C AN-B“S interface - mCDmpleteGamechtmller
w [P Tvpes - m GarnecontrollerConfig
El [ comedi - mGamecnntruller.ﬁ.xis
: DCDmEdm - mGamecnntmllerButmn
. ~
D WriteRealToPort Support for the e Internal
- ReadRealFromPort o 1° )
--EWriteIntegerTﬂPnrt Comedl lll’llJ.X = NEtWDrkDEViEES
- DReadIntegerFromPort COH'[I‘O] al’ld 3 EUDPREHE?E
D writeBooleanToPort measurment device E UDPSEnd
- [_}readBoclzanFromPort . "EUDF‘SEWH
interface
B [JInternal E Inkernal
B+ [ JEthernet B EF‘CSDEEF\EF
BOre &+ [ ]| TaskTransition
[+ [ Kevboard
& [Jraralilport & [ Tvpes
+ ﬁReaITimeSvnchronisatinn
B[] Types
B [Jlcons
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A New Formalism for Modeling of Reactive and
Hybrid Systems

Martin Otter

Martin Malmheden

Hilding EImqvist

Sven Erik Mattsson

Charlotta Johnsson

P8
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Modeling large reactive systems made easy




StateGraph2 - Advantages

Further improved usability
e Aggregations with open Icon layer
e Automatic connector sizing

New graphical approach to Mode-Automata

e Same basic idea as Mode-Automata
e Purely graphical approach gives easy overview

Safer graphs
e Guaranteed convergence of event iterations
e Not possible to build unsafe graphs

SMV-output

e Allows analysis with external tool
Formal definition

P8

b
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Steps & Transitions

.ﬂ‘
Initial step /

indicator

Transition

.
# ‘%Sssamr
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Steps & Transitions are implemented in pure Modelica

equation

fFf =set actiwve state

inport_fire = Modelica StatebGraphs Elocks.BooleanFunctions. anyTrue(inPort. fire);
outport_fire = Modelica StatebGraphs Elocks.BooleanFunctions. anyTrue(outPort. fire) ;
newlictive = if node.resume then oldictiwve else

inport_fire or (actiwve and not outport_ fire) and not node. suspend;
active = pre(newlhctiwve);

FF RBemember state for suspend action
when node.suspend then

oldictiwe = actiwve;
end when;

time =1

equation

Ff Determine firing condition
enahleFire = localCondition and inPort._awvailahle;

if delayedTransition then

when enableFire then

t_start = time;

end when;

fire = enableFire and time >= t_start + waitTime;
elza

t_start = 0O;

fire = enableFire;
end if;

true

inPort. fire = fire;

outPort. fire fire;

P8
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The Parallel Component cont’d

e Parallel branching

e Every branch must be
connected to the entry port

e Synchronization by
connecting branches to the 2 o

exit port O

e Requires inport and outport

3
&
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The Parallel Component cont’d

Inport

Suspend port —

Resume port —

2
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Hierarchical Hybrid System — Tank example

setialvel

wvaleel
makeProduct.valvel and bus levell == 1.014imi1

setvalve?
valve2
(makePraduct valve? or shutStep valve) and bus level2 <= 1.014imit2 |
£y
@ makeProduct
2 o <
stopStep 1
= Ed valves
]
A E .
o T - w0
= —
- T2 ] € MakeProduct . . _g
5 5
watshut 2
system reservoir valve .
defaults " T
S BT Lofm
777 7g E £ am F
2y B ! & am
stopStep2 5
i shutstep
<=
— i setaked
] 2
ER ARG {2 vaves - [ valved /
u 2 3 | or
]
E=EAY bus
waltshut2 ShutStep
start — \'g‘l
i
2 3
& 001 T
valvel
stop ——
-
R ort valved
3
3 or D—‘ >
it
_ valved
£
shat 3 /—‘>
shut [~
levell 3
levelt E ]
tank evel [ 2
ambient
E
level2 .
lowsiz ) H
tank2 level El
-
valved = attne
emtyrs 7
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Graphical assignment of actions

Introducing MultiSwitches

rultiswitch

1.2}
2

else: 3

: |jBIDcI<s

= [ JMathBoolean
-0 Showialue
-§ and
ko
--I_::XDr

-§ drand
--I_::Nu:ur

---E::RisingEdge

true

---::,L_}tFaIIingEdge

Ltrue

---j:'L,_:tChangingEdge t
-+ == MultiSwitch

true

~dEoronDelay £2 rizing

= [ JMathinteger Eh
-0 Showalue
-} sum t2 rUItiSwitch

. ﬂgpmduct ; 3 :. itrue falze} *
- == MulkiSwitch

---IJ_,JItTriggered.ﬁ.dd e
= [JMathReal

-0 Showalue
-+ Je5um

-2 [Product ?
- == MultiSwitch <

b-
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Verification of reactive systems

e Export to SMV code for external analysis

Process 1 Process 2
Resource 1

Resource 2




Summary

e User friendly

e Improved graphical approach to variable
assignment

e Safe — not possible to make dangerous
graphs

e Flexible

e Allows external analysis of graph structure

N

D, Y
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1. Functional Mockup Interface (FMI) — Goals

Modelica, Simulink,

Overall goal of FMI in MODELISAR | PhsicalSystem Wodels

Software/Model/Hardware-in-the-Loop,
of physical models and =
of AUTOSAR controller models e e Bt [bLL]) oo S

= open standardized model interface):
- FMI-DLLs with integrators embedded

from different vendors for
automotive applications with
different levels of detail. o)

Different tools/vendors:

= Functional tests

- Safety analysis (system FEA)
= Error reaction tests

» Sensitivity/robustness tests

= Parameter identification

= Parameter optimization

AUTOSAR
(Simulink, ASCET, Dymola, )
Controller Software

Concrete goal of FMI in MODELISAR EEE =

... for (alphabetically ordered)
AMESIim (Modelica, hydraulic)
Dymola (Modelica)

EXITE (co-simulation environment)
Silver (co-simulation environment)
SIMPACK (multi-body)
SimulationX (Modelica)

SIMULINK

Open Standard

~

_ : @
modc:-..lsy
o




Task is complex since the different parts are complex by themselves:

\

Model Exchange (ODE/DAE components without integrators)
Co-Simulation (ODE/DAE components with integrators)
Co-Simulation with PDE solver (MpCCl)

AUTOSAR (discrete components with complex communication)
Simulation Backplane

J

\'nm

J

\'n‘“

"Model Exchange" is most reliable due to central step-size control.
Released January 2010.
Extension for co-simulation under development (Uni Halle, ITl, Fraunhofer)

[ Modelica, Simulink, . |

Physical Component
Models

Physical System Models Sirnulink, Modelica,

o — —
=9

!

!

Controller Models

r
Functional Mockup Interface DLL ...

= open standardized model interface) ‘ FMI-DLLs ‘ FMI-DLLs
- FMI-DLLs wi rator

[FmiDLLs

Open Simulation Infrastructure

« Pararm

= Parameter
AUTOSAR

/' (Sirnulink, ASCET, Dymala, ..)
Controller Hardware Controller Software
il ElE B - B
1 T e= T




2. FMI - Distribution of Model

A model is distributed as one zip-file with extension ".fmu". Content:

modelDescription.xml // Description of model (required file)
model .png // Optional image file of model icon
documentation // Optional directory containing the model
documentation

_main.html // Entry point of the documentation

<other documentation files>
sources // Optional directory containing all C-sources

// all needed C-sources and C-header files to compile and link the model
// with exception of: fmiModelTypes.h and fmiModelFunctions.h
binaries // Optional directory containing the binaries
win32 // Optional binaries for 32-bit Windows
<modelIdentifier>.dll // DLL of the model interface implementation
VisualStudio8 // Microsoft Visual Studio 8 (2005)
<modelIdentifier>.1lib // Binary libraries
gcec3.1 // Binaries for gcc 3.1.
win64 // Optional binaries for 64-bit Windows

linux32 // Optional binaries for 32-bit Linux

resources // Optional resources needed by the model
< data in model specific files which will be read during initialization >

<)
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3. FMI - Model Description Schema

All model information not needed for execution is stored in one xml-file
(modelVariables.xml in zip-file)

Advantage:

Complex data structures give still simple interface, and tool can use its favorite
programming language for reading (e.g., C++, C#, Java).

— [ aftributes

. Unitbefinitions Definition of display units

fmiModelDescription - -4 TypeDefinitions [ Definition of type defaults

-- DefaulExperiment [+ -
s
.'"l VendorAnnotations

Tool specific data fignored by
other toals)

-+ ModelVariables [ Variable names and attributes

Exposed watiables of the
rradel




Attributes of ModelVariables

P 1

fmiScalarVariable

B sttributes |
|

name < unique name

bype | Xz normalizedstring L

valueReference | «—— hand|e tO |dent|fy
lype | xsunsignedint variable in C-functions

ItypeJ xzatring E |

E'Jﬂriﬂhilitjf E |
Etype xE normalized=tring : |

enum | constant parameter dizcrete continuous

defouf [continuous |

 causality

tvpe | xsinormalizedstring
venum  |input output internal none
'default | internal

|
|
|
|
|
|
|
|
|
|
|
|
|
|
'bype 2 normalizedString
- ScalarVariable ,J_, | EnUm | nosliaz slias negatedaliaz
T |
|

= ModelVariables -Jf—ﬂ-—l;l— ;
----------------- El- aar [lvpe | fmiScalarvariable efault jnoAlias

Expozed variables of the 0 oo

rnodel
)
modeuisy
® |

| A
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Data types allow to store all (relevant) Modelica attributes.
Defaults from TypeDefinitions - —— — — — — — — — — — — — —

fmiScalarVariable

attributes

If present, nare of type

(FmiType) providing defaults,

|

|

|

|

| = attributes |
| |

|

|

|

|
defined with TypeDefinitions I
|

_| ScalarVariable - |
[ype | fmiScalaryvariable |

Only allowwed, iF start is

present; =true: fxed initial
! walue; =Falze: quess value
1
. 1




Example <?xml version="1.0" encoding="UTF8"?>

<fmiModelDescription

fmiversion="1.0"
modelName="Modelica.Mechanics.Rotational.Examples.Friction"
modelIdentifier="Modelica Mechanics Rotational Examples Friction"
guid="{8c4e810f-3df3-4a00-8276-176fa3c9f9%0}"

numberOfContinuousStates="6"
numberOfEventIndicators="34"/>
<UnitDefinitions>
<BaseUnit unit="rad">
<DisplayUnitDefinition displayUnit="deg" gain="57.2957795130823"/>
</BaseUnit>
</UnitDefinitions>
<TypeDefinitions>
<Type name="Modelica.SIunits.AngularVelocity">
<RealType quantity="AngularVelocity" unit="rad/s"/>
</Type>
</TypeDefinitions>
<ModelVariables>
<ScalarVariable
name="inertial.J"
valueReference="16777217"
description="Moment of inertia"
variability="parameter">
<Real declaredType="Modelica.SIunits.Torque" start="1"/>
</ScalarVariable>

</ModelVariables>
</fmiModelDescription>

4 _
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4. FMI - Model Interface

f,.p.1nital values (a subset of {X,.X,.¥,.V,.mg}) L
Enclosing Model *
t time
m discrete states (constant between events)
p parameters of type Real, Integer, Boolean, String
u | u inputs of type Real, Integer, Boolean, String
—gp-| V all exposed variables
X continuous states (continuous between events)
y outputs of type Real, Integer, Boolean, String
z eventindicators
External Model (FMU instance)

Solver




description range of t |lequation function names

- fmiInitialize
(n.x.p.T,,,) = £ (0.7, . .
L IR Fui . fmiGetReal/Integer/Boolean/String
i subset of {P.Xy.X¢.¥o-Vo-Mo}) | i cetcontinuousstates
fmiGetNominalContinuousStates

derivatives x(7) tst<ty |X=f(X.mu.p.t) fmiGetDerivatives

outputs y(?) g - A F::ﬂIXJHJLPJ} fmiGetReal/Integer/Boolean/String
internal variables v(f)|t, st <ty |Vv=f (X.m.u.p.?) fmiGetReal/Integer/Boolean/String
event indicators z(f) |t st<ty |Zz=[ (X m.u.p.7) fmiGetEventIndicators

fmiEventUpdate
fmiGetReal/Integer/Boolean/String
event update t=tiy x.m.T . )=f (xX",m ,u,p.t,,)|fmiGetContinuousstates
fmiGetNominalstates
fmiGetStateValueReferences

event t = t4 is triggered if t =T,p(f;) oOF S (—';(T) > U) # (:j(f‘;) > 0) or Siep event
Example' // Set input arguments // Get results
fmiSetTime (m, time); fmiGetContinuousStates (m, derx, nx);
fmiSetReal (m, id ul, ul, nul); fmiGetEventIndicators (m, z, nz);
fmiSetContinuousStates (m, x, nx);

P -
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5. Tool Support For FMI

In Dymola 7.4

7

v

N

Export of any Modelica model as FMU (Functional Mock-up Unit)

Import of a FMU into Dymola

(Modelica model can be translated once-and-for-all to DLL and then reused
in a Modelica model as compiled input/output block;

afterwards code-generation and translation will be much faster for the
Modelica models where the DLL is used. Example:

Large vehicle model and design work is on a controller).

Import of a Simulink model as FMU into Dymola
(based on model code generated by Real-Time Workshop).

FMI support planned for the first half year of 2010

= SimulationX (export and import of FMUs)
— Silver 2.0 (import of FMUs)
- SIMPACK (import of FMUs, i.e.,

Modelica models as force elements in high-end multi-body program)

<) |
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7. Outlook

J

"FMI for Model Exchange" released

"FMI for Co-Simulation” in a good stage. Will be released in first half year.
(support for: extrapolation/interpolation of interface variables,

variable communication step-size, re-doing a step

— step-size control possible).

"FMI for Model Exchange" will be further developer. A lot of requirements
available, such as:

v

NN N NN

Sparse Jacobian

Direct support for arrays and records in xml schema
Improved sample time definition (for embedded systems)
Online changeable parameters

Saving/restoring model state

%
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Outlook

e Modelica scope extended to code generation for
embedded targets

e Designed to be flexible enough to allow reuse of
logical model for many X-In-the-Loop scenarios

¢ Integrating the solutions
e Utilize in larger projects
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