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Physical Systems with OpenModelica and FMI

o4 OMEdit - OpenModelica Connection Editor g

Fde Edit View Simulation FMI EBgort Jools Help

teBR

= [0 Visualizers
T Types

cyindes

corrwnent

? 59

Cyinde s(nn: 3) because uooro

referen: mr f several compon

with non zero bnding.

T =

H- 95 X©*%

- - =
l:agn | . [ @ 006 \OoHO T | @ =
|Liwanes rowser ax |Z . _Wnable! Browser
I Lbraries [Zoom | Pan  FrinView Save | Print | Grid | Detaled Gnd | Mo Grd Log X LogyY Sem Find Varbh:
= [T) MultiBody Case Sonser |Regubr By v
b @ Userscude e (Eumdal ] [cbosat
+ [l world L2007 [re— va
= |®| Examples 7 i @ Debug...ents]
W |k Elementary 1,000 = m Model..gmeVi
= || Loops animation b
») Enginela bearing
» Enginelb cylinderl
¥ Engine...alytic T lineder2
5 linderd
¥ Engine...alytic B ()'! e
; cylinders
g I'ourbar.l 4004 cylinders
P/ tourbar2 engin..d_rpm 53
b Fourba...alytic enginelorgue 7
») Planar..alytic 200 filter
o ] Unilities filter..Torque 10
T | Rotatio...Effects 04 load
* ) Constraints load?
W | Systems time 1l
# | =] Forces 200 4 torques:
# 1L Frames orld
# i Interfaces a00
L T T T T T T T 1
4| Joints i 0.2 0.4 0.6 0.8 1 12 |l
T =) Parts -
BB g Messages lrowser
ensars 151 13:35:25 Translation Warning
Als se‘ wih several free sm‘ valies * candidate: nhﬂ \Mders{mrt ] candidate: cyinder, GasForce.s rel{sta = select valse from

 refere (ﬂsbd component rrenc] ms L‘nnolee!sno mra pth: 3. If we have equal
chwseh

vios82 | @ wekome | oA Modeing | [ pisting

LINKOPING
UNIVERSITY

Presentation at the USA
Modelica Conference

October 10, 2018

Adrian Pop

adrian.pop@liu.se

Technical Coordinator at the Open Source

Modelica Consortium

Adjunct Associate Professor at Linkoping

University

7772

MODELICA


mailto:adrian.pop@liu.se

Main Goals for the OpenModelica Effort

« A comprehensive Open Source Modelica and FMI
modeling, compilation, simulation and optimization
environment based on free software distributed in
binary and source code form for research, teaching,
and industrial usage

o Support model-based development of cyber-
physical systems, from requirements, to models, to
simulation and production code
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Industrial Challenges for Complex Cyber-Physical
System Products of both Software and Hardware

* |ncreased Software Fraction
e Shorter Time-to-Market

 Higher demands on effective
strategic decision making

 Cyber-Physical (CPS) — Cyber (software)
Physical (hardware) products

VLl

MoOELTICA



The OpenModelica Environment
www.openmodelica.org

DEOWHNLOAD

Top information

Industrial Products
Commencial AppECaions
e using Cpenktodedca

PR
I
(3

CHWIE T

Enhanced Openhodalica
Conneciion Edior

Libirary Coverage
Lategt Borany coverage:

Modelica/OpenModelica Videos

mriew of Modelica..

[

TOOLS &

EVENTS

Introduction

DPENMODELICA i5 an open-source Modalica-based modeling and simulalion
environment intendad for industial and academic esage. He long-term develapment s
supporied by & non-profit srganization — the Open Sowce ModeBica Consorlivm
(DSMC)

The goal with the Opanbodelica effor 15 lo create a comprehensive Opan Saurce
Mod=iica modeling, compilation and simutason environment based on Tree Sofhwane

disiributed im banary and source code form for research, teaching, and industrial usege.

We inwile researchers and shudents, or any inferested devesoper io parficipate in the
praject and cooperate around Openbiodebca, toods, and apphcabions.

Register vourself to gat mformation aboul new raleasas

Parlicipale in Ihe Openblgdeficalntares] railing st

Heldp us: get the lalest source code or nighity-build and regort bugs.
To leam abaut Madelica, read & boak or a tutorial ahout Modelicas,

Inberaclive step-by-slep beginners Modalica on-line spaken lulbiEis
Interactive O ehoak wilh examples: of Modelica texdeal modeling

Latest news

Janusry 17, 2017 Openddodeica 1,11
Bedal releasad

Dacambar 20, 2018 OpenModelica 1.11
Beda? released

Movembear 22, 201§ OpenModelica 1.9.7
released

karch 16, 2016: OpeniModalica 1.9.6
released

March 9, 2016 Openidodelica 1.9.4
releasad

February 1B, 20146 OpenMaodelica 1.9.4
hela? released

FProgram Openfodeiica Annual
Warkshop 2016

January 31, 2016 Opendiodeica 1.9 4
belal rleased

Sepiember B 2015 OpenModelicn 153
released

July 10, 2015 SIMS M1 5 registralion
open



http://www.openmodelica.org/

OpenModelica — Free Open Source Tool
Developed by the Open Source Modelica Consortium (OSMC)

» Graphical editor

. rq& OMEdit - OpenModelica Connection m — EE
[ J Model Compller File Edit View Simulation FMI Export Tools Help
. FeBR « 0 Eeee \eHOTHEK 29 98 X|@ Y
an d SI m u |at0r || Libraries Browser 8 X | |Z Plot: 1 | Variables Browser & X

| ~ \;
Libraries Pan | FtinView = Save | Print | Grid no Grid ] LogX [ Log ¥ Setup [Endvables ]
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o D e b u g g er O UsersGuide Colapse Al
1,200 - .
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E
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 Dynamic optimizer
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m
@
=
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* cylinder4

- cylinder5
) Fourbarl

# cylindert
) Fourbar2

) Fourba...alytic |
) Planar...alytic 200

- [lengin..d_rpm 53

« Symbolic modeling ‘

- [engineTorque 77

B filter
e Parallelization pauime S it T 10
# (1] Rotatio...Effects 5] “ load
# ] Constraints #load2
- & E] Systems ] - [Ctime 1.0
hd E I e Ctro n I C i E] Forces -200 - torqueSensor
1 23
= LL| Frames 4 world
Notebook and @ imeroces
o T T T T T T T T T 1
2] Joints 0 0.2 0.4 0.6 0.8 1 12 |l o= :
OMWebbook > 5 ps
& X
& @ < Messages Browser
- Ensors [5] 13:35:25 Translation Warning -
fo r te aC h I n [+ Visualizers Alias set with several free start values * candidate: cylinder2.Cylinders(start = -0.3) * candidate: cylnder2.gasForce.s_rel(start = -0.0) => select value from
cylinder2.Cylinders(start = -0.3) because its component reference (or its binding component reference) is closer to the top level scope with depth: 3. If we have equal |_|
3 Types component reference depth for several components choose the one with non zero binding. B
& = .

x:61.06 10482 | @ wekome | of wodeing | B potting |

» Spokentutorial for !
teaching
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OpenModelica Graphical Editor and Plotting

| OMEdit - OpenModelica Connection Editer - [ChuaCircuit] - i} ®
o4 File Edit View Simulation FM| Export Debug Gt Tools Help -8x
+ U = a [ i 4 &
FeHR HO00 \QPHOTRE <= E- - O9E 29995 95/ & 7 ¢ &
8x 'EAEO|W|W|MMU|MMW ( 1-mnnm|'.| & x
L
"
= 7% Madeiea Ch C. . t Modelica.Electrical.Analog.Examples.ChuaCircul
U@ et u a l rCUI Chu's circuit, s, V, A
= [
i E‘ Blocks Information
= @
* E‘ Compledglocks . LJ Chuz's crcutt is the most smple nonfnear crouit which shows chaotic
® P4 StatcGraph behaviour. The circut consists of Inear basic elements (capacitors, resistor
- wonductoy inductor), and e nonioear element, which & called thug's
e @ Liectncal G=0.565 diude. The chautic behaviour & stuleled.
U [ Andlog — - The simulation end time should be set to Se4, To get the chaotic behaviour
g E Examples ] - . please pint C1.v. Chonse C2.v as the independent varahle .
— =
(W) CaverlowPasshnalog re] Referance:
;- CauerlowiassOmy . . Kernedy, M_P.: Three Steps to Chaos - Part I: Evolution. IEEE Transactions
. ’ R un CAS 140 (109310, 640-656
& ! a
; o - . 'e] Hevisions « penModelica Connection Editor - [Plot : 1] - 8
) Charactesiticldvelliveles ! Is)
= < »
(W) CheracteisticThyristors e — Q E. — Q = ! ols  Help [=[=]x]
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Graphical Modeling with OpenModelica Environment

N # L0000 WomOEN T 4 oii Ow |9 |2 o Moy {8 vt

Companents [ 4

Modelica Standard Library
+ J{I Complex

¥ D Modelica

+ @ ModelicaReference
* D ModelicaServices
+ [ﬂ OpenModelica

ModelicaLibrary | Modelca Fies

Model Browser g X
Outhne

O X

Massages
oo

Create New Model




The OpenModelica Open Source Environment
www.openmodelica.org

* Advanced Interactive Modelica compiler (OMC) * OMEdit graphic Editor
« OMDebugger for equations

* OMOptim optimization tool

* Supports most of the Modelica Language

* Modelica and Python scripting
: : : « OM Dynamic optimizer collocation
e Basic environment for creating models . ModelicaML UML Profile

e OMShell — an interactive command handler « MetaModelica extension
« OMNotebook — a literate programming notebook new *ParModelica extension

« MDT - an advanced textual environment in Eclipse . OMSlmuIator _ FMI/TLM simulator
~ini
’% ’ ’E ‘é | ? | - ‘ Tirsion 2007-0- :I
OpenModelica 1.4.3 Al DrMOdellcaMOGellca Edition ‘

Copyright 2002-2006, PELAE, Linkoping University

%&'Niﬁmb‘w illpdow Heb

To get help on using OMShell and OpenModelica, type "help()" and Astociabior
[press enter. " .58 Upeu.\:lodellca Project web site:

Tniversity, PELAB, 2003-2007, Wiley-TEEE Press, l

d\[\dh ; Book auther

»> loadModel (Modslica)

ook web page: www matheore
Peter. -

£ Feter) Problems. o
»» loadFile("C:/OpenModelical.4.3/testmodels/BouncingBall.mo") Sand, poleEcprobiEny SR A 2 &
true

DM o = d-lbd # ROoO RO WOROEN(T X ek -
. o= == © Comparents LEARETE e - |
This {[Fie_Powc_proben Oislay Tosk = -
»» zimulate (BouncingBall, =topTime=3) I':J'JI.BJLM“. A3 £ L] Otiwizstion rond = E v “’S:::"“""" e I R et i
rrrrr d simuil|| Goumizsson — T~ s |
e eloril SR P | - - ot
snd zecord | Ble EW Specia Modd e — ] | * @ oo e
exanm, pare 20000 =[] s | 1 koo ke b=
v o] | = e , § j—1 g =
»» plot(n) Plot by OpenModelica Most : " FH [b Al L 2
A T T T T T - H L . i 5 b o -4 Ve fsazs
us Deta 1 i =] =3
H - = [ Mechans fundl 2 i L . | L
L ] H IR = T
> 08 1 Gett H §mm . H I g Sunin j—u % . I [ o
Probiems = B SumeGreph fa e owdRstton | - I
06 1 IMP [T 0000 k . gil_ﬁ 4 rotsd | g L ; o | ot
If you b Thesm v § Fo g |
: A o @ Urantuse i)
0t 1 remun ool % (7] s -
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ozt 4 the @ Miode Bromser LE ; i T [ — Locaten e 9
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http://www.ida.liu.se/%7Eadrpo/mdt/mdt-0.6.8.1/MDT-0.6.8.1-ClassElementsCompletion.JPG
http://www.ida.liu.se/%7Eadrpo/mdt/mdt-0.6.8.1/MDT-0.6.8.1-ClassElementsCompletion.JPG

The OpenModelica Tool Architecture

OMWebbook
Interactive OMPython || OMJulia || OMMatlab

Interactive _
Notebooks Notebooks \ Python Julia Matlab

Scripting || Scripting || Scripting
ModelicaML ohE

UML/Modelica | ——] Interactive Compiler
Server

and requirement
verification 7

OMNotebook

OMShell
Modelica
Scripting

OMEdit Graphic OMOptim
and Textual Optimization
Model Editor v
Debugger Simulation
Execution
MDT \ Vi a?;Pat'on
: . isualizati
Eclipse Plugin OMSens S
sensitivity / o EMI |Sr_nu allto_r _ > OMSvsid
analysis imulation ysident
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OSMC - International Consortium for Open Source
Model-based Development Tools, 53 members Febr 2018

Lines

Founded Dec 4, 2007

Open-source community services

Website and Support Forum
Version-controlled source base

Bug database
Development courses
www.openmodelica.org

Code Statistics

/trunk: Lines of Code

8,000,000
7,000,000
6,000,000
5,000,000
4,000,000
3,000,000
2,000,000
1,000,000
0

[T R R N T S T BT N N« .

o O 2 o o o o o o o 9 O

[ I = B = T = S = = S = B = B = T = =

e S S I S I I A I S S

Date

2010

2011

2012
2013

2014

Industrial members

* ABB AB, Sweden

* Berger IT-Cosmos, Germany

* Bosch Rexroth AG, Germany

* Brainheart Energy AB, Sweden
* CDAC Centre, Kerala, India

* Creative Connections, Prague
e DHI, Aarhus, Denmark

* Dynamica s.r.l.,, Cremona, Italy
* EDF, Paris, France

* Equa Simulation AB, Sweden

* Fraunhofer IWES, Bremerhaven
* INRIA, Rennes, France

* ISID Dentsu, Tokyo, Japan

University members

* FH Bielefeld, Bielefeld, Germany
* University of Bolivar, Colombia
* TU Braunschweig, Germany

* University of Calabria, Italy

* Univ California, Berkeley, USA

* Chalmers Univ, Control,Sweden
* Chalmers Univ, Machine, Sweden
* TU Darmstadt, Germany

* TU Delft, The Netherlands

* TU Dresden, Germany

* Université Laval, Canada

» Georgia Inst of Technology, USA
* Ghent University, Belgium

* Halmstad University, Sweden

» Maplesoft, Canada

* RTE France, Paris, France

» Saab AB, Link6ping, Sweden
* Scilab Enterprises, France
» SKF, Goteborg, Sweden

e TLK Thermo, Germany

* Siemens Turbo, Sweden

» Sozhou Tongyuan, China

e Talent Swarm, Spain

* VTI, Linkdping, Sweden

* VTT, Finland

* Wolfram MathCore, Sweden

* Heidelberg University, Germany
*TU Hamburg/Harburg Germany
« IIT Bombay, Mumbai, India

* KTH, Stockholm, Sweden

e Link@ping University, Sweden

« Univ of Maryland, Syst Eng USA
« Univ of Maryland, CEEE, USA

* Politecnico di Milano, Italy

* Ecoles des Mines, CEP, France
« Malardalen University, Sweden
« Univ Pisa, Italy

* Univ College SouthEast Norway
e Tsinghua Univ, Beijing, China

* Vanderbilt Univ, USA
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Spoken-Tutorial step-by-step OpenModelica and Modelica
Tutorial Using OMEdit. Link from www.openmodelica.org

News ~ Forums About ~ Statistics ~

DOWNLOAD TOOLS & AFFPS

:= Search Tutorials

To learn about Modelica, read a book or a tutonal about Modelica®.
Interactive step-by-step beginners Modelica on-line spoken tutorials ., ..., =
Interactive OMWebbook with examples of Modelica textual modeling Reset dropdowns

OpenModelica is an open source modeliing and simulafion environment intended for industrial and academic usage. it is an object oriented declarative multi
domain modelling language for complex systems. This environment can be used to work for both steady state as well as dynamic systems. Affractive
strategy when dealing with design and opfimization problems. As all the equations are solved simultaneously it doesn't matter whether the unknown
vanable in an input or output vanable. Read more

Number of students/teachers trained in their colleges/schools

i About 12 results found. . Instruction Sheet
1,600,000 ~
1,400000 | )
i 1. Introduction to OMEdit Basic
1,200,000
Foss : OpenModelica - English
1,000,000
] Qutline: Introduction to OpenModelica Introduction to OMEdit Perspectives in OMEdit Browsers in [ |
800,000 - 'OMEdit View icons in OMEdit Open a Class from Libraries Browser Checking for correctnes
600,000
400000 - | . i
2. Examples through OMEdit Basic
200,000 Foss : OpenModelica - English
0 - * Outline: Expand Modelica library Expand Electrical library Expand Analog library Open Rectifier u

2,011 2,012 2,013 2,014 2,015 2,016 — . . -
Class Compare the values of IDC & Losses time vs Losses plot Expand Mechanics library ..

3. Developing an equation-based model Basic
Foss : OpenModelica - English

Qutline: Introduction to OMEdit Declaration of variables and equations Simulation of a model in ]

MODELICA



OMNotebook Interactive Electronic Notebook
Here Used for Teaching Control Theory

File Edit Cell Format Inset Window Help

“Ivu = Lo ¥ ._l

OMMNotebock: Kalman.anb PR

1 Kalman Filter

Often we don't have access to the internal states of
have to reconstruct the state of the system based o
The idea with an observer is that we feedback the
the estiamtion is correct then the difference should

Another difficulty is that the measured quantities off

3
]

Here are e denoting a disturbance in the input signa.
be evaliated by the difference

K{y(t

File Edit Cell

Format  Inset  Wndow Help
N = P = v @

modal FalmanFesdback

parametar Real Af:,size(h, 1}] = {{0,1},{2,01} ;
parameter Real Bsizeih, 1},:] = {{0}.{1}};:

parameter Real C[:,size(A, 1}] = [(1,0}}:

parameater Real[2,1] K = [2.4;3.4];

paramster Beal[l,2] L = [2.4,3.4];

parameter RBeal[r,:] ABL = A=B*Lj

paramester Real[:,:] BL = B*L;

paramater Real[: Z = peros(size (ABL,2),size(RRC,1)):

parameter Real[:
paramster Real[:
paramester Real[:,:
parametar RBeal[:,:

b hod et et bt

"
#
e
"
"

:tutnﬂpam:ﬂniﬂu Ealman {stateSpace.hi=Anew, state8pace . 5=Enew,

statefpace.F = Fnew);

AERC = A-E*C;

Anew = [0,1,0,0 ; =-1.4, =-3.4, 2.4,3.4; 0,0,-2.4,1;0,0,-2.4,0];
Bnew = [0;1;0;0];
Fnew = [1;0;0:0];

=tat=Space.C=[1,0,0,0],

=stateSpaceNolise noBalman;

and EalmanFeedback;

Al

By using this quantity as feedback we obtain the ol '

£ = A%(t) + Bu(

Now form the error as

The differential error is

Ready

12

simulate (EalmanFeadback, stopTime=3)

plot({Ealman:stateSpace.y[l] ;noKalman . stateSpace.y[1] })

frue

Plot by OpenModelica

15

@ Kalman.stateSpace, v[1]

W nokal=an, stateSpace, [ 1]

Al |

Ready Ln1Z, Col3
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OpenModelica MDT Eclipse Plug-in:

Code Outline and Hovering Info

File Edit Mavigate Search Project Run  Field Assist

| |- 0-@- &~ |29 |3 |5 -~ .

g -

Window

Help

- J Zorrech

Imdentation

=10l x|

E B oo+ e

1

P
[% Modelica Projects &3

(2 rml2sig

-[5gy runtime

[ scripts

-5 test_codegen

-5 tools

% (ol

Eﬂ, Absyn.mo 3116 2005-02-04 14:44 krsta

=R

v:nﬁ

B Absyn 3116 2008-02-04 14:44 krsta

Eﬂ, Algorithm.mo 2992 2007-12-22 22:17 adrpo
[} Builtin.ma 3585 2008-05-22 07:03 adrpo

[igh Ceval.mo 3605 2008-05-27 02:48 adrpo

Eﬂ ClassInf.mo 3496 2003-04-23 11:59 krsta

[} ClassLoader.ma 3123 2008-02-15 05:17 adrpo
@ Codegen.mo 3585 2008-05-22 07:03 adrpo
Eﬂ, Connect.mo 3584 2008-05-22 06:45 adrpo
Eﬂ Constants.mo 3011 2007-12-22 22:36 adrpo
Eﬂ, Convert.mo 3436 2008-04-23 11:59 krsta

[
[

5

=
B= outline &2 B
= E} Absyn

w oR" o X

v:nﬁ

ADD
ALG_ASSIGMN{Exp assignCompanent, Exp value)

ALiz_BREAK
ALG_CATCH(list<AlgorithmItem = catchBody)
ALG_EQUALITY (Algorithm equ)
ALG_FAILURE(Algorithm equ)

-

ALG_FOR.(Forlterators iterators, list<AlgorithmItem > forBo

ALG_GOTO(String labelMame)
ALG_IF(Exp ifExp, list<@lgorithmItem
ALG_LABEL (String |abellzr
ALG_MORETCALL{ComponentRe
ALG_RETURM

ALG_THROW

ALG_TRY (list<AlgorithmItem > tryBody
ALG_WHEN_A{Exp whenstmt, list<Alg

I morer @ |

P
absyr.mo 23

cagse (MATRIK(metrix = expll))

loczl list<list<list<ComponentRef>»> resl;

resl = Ucil.listlLiscMapiexpll,

getCrefFromExp) ;

resi = Ugil.listFlacteniresl);

res = Util.liscFlacoeniresi);

then
res;
case (FRNGEE (stert = el,step = SCME (e3),stocp = e2))
equation
11 = getCrefFromExpiel) ;
1z = function getCrefFromExp "
resl - - oo
E f tened 1
13 = - .
I 1t references ir
res = . - c—
input Exp inExp;
then output list<ComponentBRef> ogutlComponentReflst;
_E..:_' algorithm
cEEe 'R‘TN cutComponentReflst :=matchcontinue inExp
equatig S
1= CorponentRes or;
1z = —
res = listRAppend(ll, 1Z);

=
[Z Problems 3

= Cnnsule} E];[I Bookmarks} = Prog

113 errors, 0 warnings, 0 infos

Description =

= %: Errors (100 of 113 items)

@3 The identifier at start and end are different
& The identifier at start and end are different

@ The identifier at start and end are different, pa

Code Outline for

easy navigation within
Modelica files

Hovering

en '}’ on ling| rmldump.mo

en '} on line| rmltomod.mo
:en ;' on line| modrefacto...
en ;' on line| maddump.ma
:en ;' on ling| rmltomod.mo
:en '} on line| rmltornod.mo
en "t anling | rmltomod.mo

|dentifier Info on &=

OpenModelicaftoolsfrml2mod
OpenModelica ftoalsfrml2mod
OpenModelica ftoalsfrml2mod
OpenModelica ftoals frml2mod
OpenModelica ftoals frml2mod
OpenModelicaftoolsfrml2mod
OnenMndelica fonls frml 2mind

—

| 7 e




General Tool Interoperability & Model Exchange
Functional Mock-up Interface (FMI)

& :

Enrgine Gearbox Thermal
with ECU with ECU systems cargo door roadway, ECU (e.g. ESP)

functional mockup interface for model exchange and tool coupling

courtesy Daimler

 FMI development was started by ITEA2 MODELISAR project. FMI is a
Modelica Association Project now

 Version 1.0

 FMI for Model Exchange (released Jan 26,2010)

 FMI for Co-Simulation (released Oct 12,2010)

 Version 2.0

 FMI for Model Exchange and Co-Simulation (released July 25,2014)
> 100 tools supporting it (https://www.fmi-standard.org/tools)

15 M oD’
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OpenModelica Functional Mockup Interface (FMI)

FMI Export

Modelica Code

OpenModelica
Compiler

Translator, Analyzer
& Optimizer

Code

Generation
Model Description,

DLL & FMI interface
functions

FMI Import

OpenModelica

Compiler
FMU parsing,
reading states &
events

Code
Generation

Modelica Code

16
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OMSimulator Composite Model Editor with 3D Viewer
Combine External (FMI) Models into New Models

&% OMEdit - OpenMedelica Connection Editer - [Pendulurm] — O >
ot File Edit View Simulation FMI  Export Debug Git Tools  Help - 8 x ° H H
e B B o [ @ > -] o] Composite m.odgl editor
P = /[ | s omomien [ | ] 0 verer o o x with 3D visualization of
' L= connected mechanical
L Moademsenices model components which
< Jowe can be FMUs, Modelica
o models, etc., or co-simulated
components
e "+ 3Danimation possible
« Composite model saved as
XML -file
: 8 welcome &% Modeling Plotting @ Debugging
17 MoD’ELl"CA



OMSimulator — Integrated FMI and TLM-based
Cosimulator/Simulator in OpenModelica

OMEdit

OoMC

_ C-API OMSimulator
interface Integrated TLM & FMI
libOMSimulator

/N

Papyrus

FMI component Composite FMI

TLM component
component

Scripting ...

FMI component

A

ADAMS wrapper

Beast wrapper

Simulink wrapper
FMI FMU

Modelica model

18
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OMSens — Sensitivity Analysis Subsystem

o 2?7 Fillin

« Under development, prototype available

19

VLl

MoOELTICA



OMPython — Python Scripting with OpenModelica

* Interpretation of Modelica
commands and expressions

* Interactive Session handling
e Library/ Tool

* Optimized Parser results

* Helper functions

* Deployable, Extensible and
Distributable

e T R ——
A R TR oy e——

Oy Ehes  SXeoUDS [ Loadiile (V"o fopersicdelical . .1/ tasimedel s /BousoingBal ]l ms, ") =
radul p=thilython . axemuts (“sislate (boencinghall, atopTimesd, matleds) Eulery']=)
print eesult
Oy thih . S3scUba [“plot (h) =) | Wi

c:iusershganantal>python test_execute

oM Server §s up amd runming at File: s/ e "..u::r:
Wocaltesp'opensode 1 ica.obhyid. Z{IHNH]!UHE]

I !‘lll.i'l.lt‘lntql:inru -[ q:_| :tnrlln‘l‘vﬂp

5 'ulri.m‘l"l'l'ur

': =|Iu mpuunnl“ "ln" d-nll
iIe'riht TSropTise 2.0, 1urtr1-e uu u-u-trﬂ:merul

00, 'tolerance’: 1e-06, "Filewameprefix’: = Bounc neingBall” "}
Eim'lllinnl:nu ts” {t1-={u-:lﬂl !l‘!-!l!-“i‘ﬂiﬂl-! timeBack
lﬂd':ﬂﬂ!!ﬂlllﬂ&l!l!!i -::.l-p: = timeFrontend': 0,024
5992104508437, ‘timesimulation”: n-uluuﬂssuu ‘timeTemplate
" uma:unauui “rimesi ‘10, 009997 1630367038, Crime
Tatal”: IWMHHJ'!E ‘resultFile’: *“c:fusers/ganantd? feounci
n-pul'l_ru =}l

s has been Shutdown

OlTythen . sascute [“gult i) ")

narbd I appdata

‘of
rnl;'lqun
EAsUreT

lll:t

F
RS ———
e e

N | -
L E Y

€2y usersgananbd?s
g4 Pl by Oypetbdimbidin &

GetfSet Helpers

eidaninidat o oo bha
dhrtionery resufts
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OMJulia — Julia Scripting with OpenModelica

e Interpretation of Modelica
commands and expressions from
Julia, transfer of data

« Control design using Julia control
package together with
OpenModelica

* Interactive Session handling

e Library/ Tool

» Separately downloadable. be run
with OpenModelica 1.13.0 nightly
build

« Works with Jupyter notebooks

« See separate presentation

21

Control example with OMJulia in Jupyter notebooks

In [1]:

Use of Modelica + Julia in Process Systems Engineering
Education

Complex models of "Seborg reactor”
Bernt Lie*, Arunkumar Palanisamy**, Peter Fritzson™

*University of South-Eastern Norway, Norway

**University of Linkdping, Sweden

Introducing packages

# Pkg.add( f",‘ -- we assume that this step already has been carried out
ing Plots; p).'p ot(
ing LaTe KS gs
ing Datal
ing OMJu
#using Dif ntiﬁifguations
Reactor temperature
—_—T
i — s
Bor . T 10
" —Varg T
I e 2,
125 | | | B - e TS
e TF -10
) | \! W\ |—
100 = I NN — Tets
~ D y # *
- — -'rc.ls_:l'U
75 \
so | \..___.—-——————L-n-.n-
"
0 5 10 15

------------------------



OMMatlab — Matlab Scripting with OpenModelica

Interpretation of Modelica
commands and expressions from
Matlab, transfer of data

Interactive Session handling
Library / Tool

Separately downloadable. be run
with OpenModelica 1.13.0 nightly
build

Now (October 2018) basic
version supporting basic
simulation and plotting

Reactor temperature

—T:q:\ﬂg

— T:c'_‘:+5.

—_— T:o'u_ll}

time £ [min]

22
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Embedded System Support in OpenModelica

Code generation of real-time Controllers from Modelica
models for small foot-print platforms

23
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Use Case: SBHS (Single Board Heating System)

Single board heating system (IIT
Bombay)

Use for teaching basic control
theory

Usually controlled by serial port
(set fan value, read temperature,
etc)

OpenModelica can generate code
targeting the ATmegal6 on the
board (AVR-ISP programmer in
the lower left).

Program size is 4090 bytes
including LCD driver and PID-
controller (out of 16 kB flash
memory available).

Movie Demo!

24
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Example — Code Generation to SHBS
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Code Generator Comparison, Full vs Simple

Full Source-code FMU
targeting 8-bit AVR proc

Simple code generator
targeting 8-bit AVR proc

Hello World
(0 equations)

43 kB flash memory
23 kB variables (RAM)

130 B flash memory
0 B variables (RAM)

SBHS Board (real-time PID
controller, LCD, etc)

68 kB flash memory
25 kB variables (RAM)

4090 B flash memory
151 B variables (RAM)

The largest 8-bit AVR processor MCUs (Micro Controller Units) have 16 kB SRAM.

One of the more (ATmega328p; Arduino Uno) has 2 kB SRAM.

The ATmegal6 we target has 1 kB SRAM available (stack, heap, and global variables)

26
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Communication & I/O Devices:

MoDELICA_ DEVICEDRIVERS Library

[ IModelica_DeviceDrivers
+@User's Guide
- [=]Blocks
+ (v Examples
+[_JPackaging
[ JCommunication
-[@}sharedMemoryRead
-{1]SharedMemoryWrite
-fa]UDPReceive
-Pa]UDPSend
-[=}serialPortReceive
-f=]SerialPort$end
’;-DSDTHHQCAN
+[_|SocketCAN
v Intemal
--[ JInputDevices
~[ZHoystickinput
~[OKeyboardKeylnput
-[®IspaceMouselnput
-[EKeyboardinput
[ |Types
+[_|OperatingSystem
+[Hardwarel©
2 {HInterfaces

* Free library for interfacing hardware drivers

 Cross-platform (Windows and Linux)

 UDRP SharedMemory, CAN, Keyboard,
Joystick/Gamepad

 DAQ cards for digital and analog IO (only
Linux)

* Developed for interactive real-

time simulations

IJ;PL?ETE‘-'FB E-HE!NMBME:!EEH
i 1 .
dACWrile dinR=ad
r.;:ilil'u'ln'.'i:p 1-|| r?:'-.lh'leﬁr,ﬂ' ‘.'-'-'|
Channet 0 Chann=l 4
pq M= T 00 s [
L d! L -l

Device: comedi

Device: comed

cANCanfig
i e iy

CANusb_1
=Tl
 —

joyskickinpul
i~ T

3]
rildes=age
ot id: idand

[0, 01)s

e

-

spaceiouseinpul

L

o -

Reaftima
keyboardingul
r’ oy

=
=

Iy

®

synchronizeReallime
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OMEdit 3D Visualization of Multi-Body Systems

e Built-in feature of OMEdIit to
animate MSL-Multi-Body
shapes

 Visualization of simulation
results

« Animation of geometric
primitives and CAD-Files

. ]

o F
[‘[5

Ui Browser

LEHE

. . PBOBEHSIEC

Loops

View Smustion P

PrC— L —
: ——
©eee \ONOTHR 5 008 ->-NQ\M\L|;¢. EREERT ‘
& x Engre't a
\ o [&

vew |

ot

A
(A S O [wrese | wose | cagam

\\\\\

= Pat: 1
w KD

engnesg;

Simulate
with
Animation

)
Eeoee \oHOTH < E- O9E
x| 3

2 Mol Mechanice M iody, Examples Losos Engne/t fes.

New
Animation
Window
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OpenModelica 3D Animation Demo

o OMEdit - OpenModelica Connection Editar o | & X

oee \oHOTH - OQB IPSPS| T -9
| uﬁ PointGravity 1 i G"

| |||| =N I Writable

Libraries i

(c2} @ OpenModelica

o ModelicaReference

Libraries Browser EngineVé (%]

Model | Diagram View |Mudghm.Mzmamcs.Mumaody.Exumples‘Lqupsﬁngmeuﬁ |u:{ngmmmmgfopeNMonmcn,GmopcnMudchm/hm\dﬂb/umhbmryﬂ-mddum 3,2.2/MechanicsMultBody/Examples/Loops /EngineV6. mo Line: 1, Col: 0

B
#l ModelicaServices
1 [ Complex

= 7% Modelica

3] o UsersGuide
& |2 Blocks

[# Eﬁ] ComplexBlocks

m

world

# B4 StateGraph A
1] 73| Electrical
@ HEl Magnetic

= Mechanics X

n={1,0, 0}

| MuttiBody
oylinder1 cylinder2 cylinder3 oylinder4 oylinders oylindere
] o UsersGuide a

@ 14} World load2

torquesensor load

5| B | Examples

@ | | Elementary

) Enginela
| Enginelb

Enginelb_analytic

| EngineVé

EngineV6_analytic

FourbarZ
Fourbar_analytic
| Planarloops_analytic

>
>
>
>
>
P} Fourbarl
>
>
>
Fad

| Utilities E

x148.21  ¥i-5416 | WL Weleome | of Modeing | BB plotting | @F Debugong |
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Problems

Solved problems

OMOptim — Parameter Sweep Design Optimization

Result plot

Export result data .csv ]

MinEIT

Fia Project Problem  Display

Tools

Models | Problems | | Project | Optimization | EI | Elvesukt | Optimization result

odl e

0 10000 20000 30000 40000 50 000 &0 000 70 000 80

'iimuhperlﬁunnd

L ]

El ¥ global, gaincoutoper ationnel w |
¥ global.coutdinvestissement v/
Parsto only I
Paink
1]
1
2
3
4
5
[
| £
g
a9
IPI'QI'JIIHI'IS
EI result
Owptimization result
Blocks | Recomp. vars | Plot
Misc,
[':alcdal:a all variables from selectad Ddl'lti] ["] Force recomputation

=Jokd

-]
Here
Pareto
front
optimiza-
tion

&

| Export...
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Optimization of Dynamic Trajectories Using
Multiple-Shooting and Collocation

+ - -

ti+1

Minimize a goal function subject to model
equation constraints, useful e.g. for NMPC

Multiple Shooting/Collocation
» Solve sub-problem in each sub-interval

xi(tiy1) = hy + f f (), ut), t) dt = F(t;, tiyq, hiuy),

ti

16.0
14.0
12.0
10.0
8.0
6.0
4.0
2.0
0.0

In OpenModelica 1.9.1
beta release Jan 2014.

x; (t;) = h;

Example speedup, 16 cores:

MULTIPLE_COLLOCATION

- - rFE

1 2

ipopt [scaled] mjac_g [scaled]
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OpenModelica Dynamic Optimization Collocation

Cost Con-
Da function straints
Weight .
Residual
ODE sum of the :
equations
cost

a2

. 2

. 2

Collocation technique

- ¥ @

Discrete NLP

OpenModelica

Discrete Discrete
goal constraint

function function

Gradient Jacobian

Hessian

MoOELTICA



OpenModelica Model Parallelization
Faster Simulation on Multi-Core

Automated parallelization of models

0 0

g

iy oo 0 omr

5
g
g

O I R

RIRREREEL ERaNl

Modelica.Fluid.Examples.BranchingDynamicPipes
.

6 -
M level, openmp

5 I
4
3 W mcp, pthreads
2 I
1 1 theoretical
- prediction
1 2 4 6 8

number of threads

speedUp

Parallelizing numeric Jacobian
computations in simulation

Speedup ScalableTestSuite
N=39 nnz= 818

Sp...

4.5

35 e ——

2.5 I T . . .

56— — — — — — — — -

05— — — — — — — — — -

Speedup about 4 number of
using 8 threads
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Large-scale ABB OpenModelica Application
Generate code for controlling 7.5 to 10% of German Power Production

ABB OPTIMAX PowerFit

» Real-time optimizing control of large-
scale virtual power plant for system
integration

« Software including OpenModelica now
used in managing more than 2500
renewable plants, total up to 1.5 GW

High scalability supporting growth
o 2012: initial delivery (for 50 plants)
o 2013: SW extension (500 plants)

o 2014: HW+SW extension (> 2000)

o 2015: HW+SW extension,
incl. OpenModelica generating optimizing
controller code in FMI 2.0 form

Manage 7.5% - 10% of German Power

« 2015, Aug: OpenModelica Exports FMUs
for real-time optimizing control (seconds)
of about 5.000 MW (7.5%) of power in
Germany

34
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Need for Debugging Tools
Map Low vs High Abstraction Level

« A major part of the total cost of software projects
IS due to testing and debugging
o US-Study 2002:
Software errors cost the US economy annually~ 60 Billion $

« Problem: Large Gap in Abstraction Level
from Equations to Executable Code
 Example error message (hard to understand)
Error solving nonlinear system 132

time = 0.002

residual[0] = 0.288956

x[0] = 1.105149

residual[1] = 17.000400

X[1] = 1.248448

35
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Integrated Static-Dynamic
OpenModelica Equation Model Debugger

Efficient
handling
of

Large
Equation
Systems

Showing
equation
transfor
mations
of a
model:

@ OMEdit - Transformational Debugger

BN

Mapping dynamic run-time error to source model position

@ | Va riables View OpenModelica/OMEdit/Modelica.Mechanics. MultiBody. Examples. Elementary. DoublePendulum_info, xml SO‘U rce View
Variables Source Browser
Variables Browser Defined In Equations Uzed In Equations [: [OpenModelicaftrunk/build . Mechanics MultiBody fJoints.mo
frame Index  Type Equation Index  Type Equation / relationships between -
DCase Sensitive Reqular Expression quantities of frame a and of
frame b (N
[ E:cpa)nd — ” Colapse Al ] frame b.r 0 = frame a.r 0;
Variables Comment Il
. L if rooted(frame a.R) then
B boxBodyl Absolut..frame_a | [yariable Operations R_rel = -
E body Abzolut...frame_a Operations Frames.planarRotation (e,
Efamea  Positio..d frame solved: boxBodyl bodyframe_a.RT[11] = boxBodyl frame_b.R T[11] Pnl—°f::;;bp;1; Wi
ER Absolut..| frame substitute: boxBodyl.bodyframe_a.R.T[1,..xBodyl frameTranslation.frame_a.R.T[1,1] Frames.absoluteRotation (frame
‘ }~T Transfo..lframe  _ a.R, R _rel);
323 frame a.f = -
[ Tl 3 . " Lt
l : | Equatlons Vlew Frames.resolyf (R_rel,
Equations frame b.f);
Equations Browser Defines Depends Tframe= aflt = -
Ind!ex Type Equation “| | Variable : Variable 14 Frames.resolvpl(R_rel,
. frame b.t);
819  regular (assignm...era_rel world.frame_b.f[2] boxBedyl.frame_b.R.T[L,2] else
F820 regular  (assignm..olute2.a bexBodyl frame_b.R.T[2,2] R rel
821 regular  (assignm..era_rel revolutel frame_b.f[1] [ | Frames.planajgRotation(-e,
i phi_offset +fphi, w);
822 regular (assignm...e_a.f[2] reyolutel frame_b.f[2] - frame 4.8 =
823 regular  (assignm..e_af[l] | |Eguation Operations Frames.absolffteRotation (frame
824 regular  (assignm..e_b.f[2] L Operations g b.R, R _rel);
— frame B.£ = -
—EM solve: -world.frame_b.f[2] = (-boxBodyl...ame_b.R.T[2,2] * revolutel frame_b.f[2] Frames.resolffel (R rel,
F826 regular  (assignm..e_b.t[2] scalarize(2): {-world.frame_b.f[1], -worl...rame_b.R.T[2,2]) * revolutel frame_b.f[2] |= frame a.f);
. A N frame p.t = -
827 regular  (assignm..e_b.f[2] simplify: -{bexBodyl frame_b.R.T[1,1] *..1.frame_b.f[2], -revelutel frame_b f[3]} i Frames.reaclfel (R rel,
828 regular (assignm...e_b.t[2] inline: -Modelica.Mechanics.MultiBody.Fr..e_b.f[2] + 1.0 * revelutel frame_b f[3]} frame a.t);
829 regular  (assignm..xed.phil substitute: -Modelica.Mechanics.MultiBo... frame_b.f[2], revolutel frame_b.f[3]}) end 1f;
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Transformations Browser — EngineV6 Overview

(11 116 equations in model)

OMEdit - Transformational Debugger

B fempfopenModelica_marsj/OMEdit/Modelica Mechanics MultiBody, Examples Loops Engine\s_info.xml

Variables Source Browser

i |fefined In Equations | fusrflibfamlibrany/Modelica 3.2.1/Mechanies/MultiBedy U
phi ndex *  Type Equation Equation 7 Connections. branch(frame_a.R,
Case Sensitive Regular Expression = |- SBT  initial {nonlinear) F.. regular (assignment) cylinder...cos(cylinder3.82. phi) frome Il
Expand All Collapse All 5076 regular {nonlinear) =... rmegular (assignment) cylinder3. .. sinjcylinder3.82.phi) asserticardinality|frame &} = @,
. lar [assignment) cylinder. . sin(ovlinder3, B2_phi) “Connector frame a of revalute
variables *  Comment Line Locaticn ot b _Ms:gnnrn ey !n Er...nicy |!'| i 3 I:' jeint 1s net con “__,_:L_;‘..";: b
\ - . =... regular [assignment) cylinder. . cos{oylinderd B2 phi)
phi Exter...phi] 6616 fusqli.. onal.mo assert(cardinality{frame_b} > 8,

.ame_b 260 fusrfll.. ints.mo . regular_(assignment) dericyl_der3 Rodbody.w_ali] “Connector frame b of revolute

hi Rela
P 3 r... regular (assignment) derfcyl...derd.Rod body.w_a1] joint 15 not connected®);
* phi_offset Relatl...+phi] 242 fusrfl.. ints.mo :
- ... regular (assignment) derfcyl...der3.Rod.body.w_a[1]
A lar | i dartel. durd Rod Sod | angle = phi offset # phi;
¥ regular (assignment) dercyl...derd.Rod.body.w_a[1] W = deriphi]:
; a = dar(w;
phi Dumm...body BOS  fusfli..artsmo Variabls S )
phi[1] Dumm.. body B05 fusfli.. arts.mo --;'_..;-;.:r.a-'-i;:-ns“m- ) ! I /¢ relationships between guantities
- phil2] Dumm...body BO5 Juseli.. arts.ma vabes of frame_a and of frame b
phi[3] Dumm.. body BOS jusefi. arts.mo frame b.r & = frame_a.r_6;
phi_d = der{phi) BO9  fusrfli...artamo if rootediframe_a.R} then
- phi_d[1] = der{phi) BOS  fusgli..artsmo 321 A_rel = Frames.planarfotation|e,
| b drzl = derinhii RG fusefll_artsmo = F‘hl_“f:“‘ fl:p:l‘ wl;
Equations FEAS ol 7
AT S ool E—— T S Frames . absolutefotat bon(Trame a.R,
Fruatinns Rrmwser | | Defines | Dppends A rel} =
Inc * Type  Equation variable * | Variable L Bl frame_a.f = -
regular [assignment) cylind., .. ywinder3.Clinders dericylinder3 B2 R_rel. T[3,3]) cylinderd B2.phi Fm":s"-:;i:l:el‘ﬁ'rﬂ ¢ Tomsa b
regular (ausignment) cylind. . linderl gasForce.L) eylinderd Rod body.w_a[1] Fromes. resolvel {R_rel, frame_b,t);
... regular [assignment) cylind.. linderd gasForcex) else
... regular (assignment) cylind.. linder3.gasForce. R rel = Frames.planarfotationi -¢,
U [assig ) oy 4q ) |Equation Bpérations phi_offset + phi, wi;
... regular (assignment) cylind. . linder3.gasForce.L) T R A ™ frome aR =
o L o
- reguiar (assignment) cylind...linder.s else 1e-06 P'_r'“ o —_ - - Frames. absolutefatation(frame b.R,
L regular [assignment) cylind, . k2 frame_b.AT[2,3] I sotved: derjcylinder3.82.8_relT[3,3]) = (-sin(cylinder3,82.phi)) * cylinderl.Rod. body.w_a[1] R rel};
| f ? it £y ; - substitute: [-sin(cylinder3 B2 phi)] * coylinderd. B2 w == [-sinfcylinder3, B2 phil) * evlinderd, Rod body.w_al1] frame b.T = -
- TORS PURN I Fobe 0 ST Bl Tt differentiate: dcas(cylinder3 B2 phil/dtime = (sincylinder1.82 phi) * der{cylinderd B2 phi) Fromes.rexolvel(R rel, Trome 8.1);
regular (linearframe _bor Oe... * {5 _offset +5))) RS ¥ g _‘: v -"'_ g Y e i frame b.t = - -
... tegular (assignment) cylind.. linder3 gasForce ) differentiate: deylinder3 B2 R_red T[3 3]/dtime = der{cylinderd B2 R_relT[3,3]) Franes.resolvel{R_rel, frame a.t);
A regular {assignment) eylin... linderd.gasFarce.p - scalarize(s): oylinder3.B2.R_relT = [[1.0, 0.0, 0.0}, [-0u0, c....B2.phi}}} == cylinder3.B2.R_relT[3,3] = cos[cylinders. B2 phi] end if;
I~ 54 LT = - i - /| L § ]
L. reguiar [assignment) cylind...r3.gasFarce.d » 2.0 0 simplify: u:[rﬂlndv.arll-:iﬂz.a_rel.rzl .[{1.;:! ;1_0 + [1.l:]1 1.|:|Ir 1.u]....52.[:1h 11. {l:l.::l, 5-n|-l:)I|n-:ler3;E-2.|:I.I-..L{_as-:-:lwdnderlﬂz.:l:-]], - N A ]
L. regular (assignment) cylind.. linder3.gasForce.k) .s_utlstltute {{cylinder3.B2.e1] ey er3 EIZ..e| |+11..l:l-c'.'.. 2.phi}, 0.0 * 0.0 +{1.0- 0.0 * 0.0} * cos(cy m.t'r3.E|2.|:- I'.H tau = -frame b.tee;
L regular (assignment) cylind...adyw a[1] - loadw Iinline: cylinder3.B2.R_rel = Modelica.Mechanics.MulkiBody....[2] * cylinder3.B2.w, cylinder3.B2.2[3] * odinder3.Ba.wj)
‘ regular [(assignment) der(c...ri.Rod i:ud:-'.w al1] eriginal; R_rel = Frames.planarfatation(e, phi_offset « phi, wl; => flattened: /f Comnection to internal -
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Performance Profiling
(Here: Profiling all equations in MSL 3.2.1 DoublePendulum)

» Measuring performance of equation blocks to find bottlenecks
» Useful as input before model simplification for real-time
platforms

» Integrated with the debugger so it is possible to show what
the slow equations compute

» Suitable for real-time profiling (less information), or a
complete view of all equation blocks and function calls

E(iuations Browser || Defines
Index Type Equation Executi Max time Time Fraction & |\~ | Variable
876 regular linear, size 2 4602 0.000501 0.0134 75.7% H damper.a_rel
836 regular (assignment)...evolute2.phi) 1534 2.57e-05 0.000377 2.12% revolute2.frame_b.f[2]

-840 regular (assignment)...mper.phi_rel) 1534 1.38e-05 0.000237 1.33%
~837 regular (assignment)...evolutez.phi) 1534 8.38e-06 0.000235 1.32%
~841 regular (assignment)...mper.phi_rel) 1534 8.48e-06 0.000192 1.08%
849 regular (assignment)...mper.phi_rel) 1534 8.04e-06 0.000146 0.824%
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Equation Model Debugger on Siemens Model
(Siemens Evaporator test model, 1100 equations)

@ OMEdit - Transformational Debugger - X

[ | Espymami ero patetz Tests Bofers Evanest_c info sen

Variables [Source Browser ]
Variables Browser | [Defined 1n Equations Used In Equations C:/OpenModelica.9./lib/omilbrary/Modelica 3.2. Blocks Math.mo
Find ] % |Index  Type  Equation Executior Max|Index  Type  Equation Executior Ma; extent={{-100,-100}, { ~
Variables Comment Line  Location 100,100}}), graphics={Rectangls (

fese o extent={{-100,-100}, {100,100} },

Sesed 0 lineColor={0,0,255},

Scsed 0 fillColor={255,255,255},

Scsed 0 fillPattern=FillPattern.Solid),Line (points={{-100,6

et : 0}, {-40,60},{-30,

Evap Structur..ractions 4481 C:/Openhod..packagemo 40}}, color={0,0,255}),Line (points={{-100,-60},

Fflow Output ...artTime 421  C:/OpenMod...Sources.mo . . . Fr{-30,-40}},

FGiny Volume .port_b) 333 C/OpenMode.terfaces.mo P O n t n O t t h e b e at O n color={0,0,255}),Line (points={{50,0}, {100,0}},

Egm\r: Cunstan.”lralue ig g:»’ngHMUj.”SD\i‘:(ES‘mD I I g u u g g y q u I ,0,2551),

out! = true... volume :/OpenMode...terfaces.mo 5 ; -

FGoutiu Constan..tvalue 238 C:/OEEHMod.”Sourcasmo g Line (points={{-30,0}, {30,033},

FGoutletVu  Constan..tvalue 239  C;/OpenMod..Sources.ma —_— . +0,0}),Line (points={{-15,

FGsink Boundary density 13 Ci/OpenMod..Sourcesmo || Operatio y — u u 25.99},{15,-25.9%}},

FGsource Get the.nnector 446 C:/Openhed..Sources.mo 1 ,0,0}),Tine (points={{-15,-25.99}, {15,

FGtemp Duratio..aStep) 418  C:/Openhod..Sources.mo . . . . 25.99)}, color={0,0,0}),Ellipse (extent={{-50,50},

FWinletV Av (metr..fficient 436 C//OpenMode...d/Valves.mo t h t .

FWinletVu Constan...t value 239 C:/OpenMod...Seurces.mo a I Ves I VI S I O n Z e r O ' . _

FWoutletV  Tempers...= true 346 C/Openhdode..terfaces,mo g lineColor={0,0,255}) 1))+

FWpump Needed..nector 333 Ci/OpenMod.. foduct;

FWpump_h  Height of ramps 417 Ci/OpenMod...
FWpump_p  Offseto.tsignal 420  Ci/Openhod
Steamsink  Densit..medium 4434 Ci/OpenMod
system Constan..eration 14 CifOpenMod

block Division "Output first input di
extends Interfaces.SIZS0;

ded by second input”

equation

Im y = ul/u2;

Equations /’ annotation (
Equations Browser Defines / Depends Documentation (info="<html>
Index  Type  Equation ~|[variable Variable <E? ) tee tn out <boye/bs (ol s
Thi comp P lem -wise)
1461 reguler  EvapHexlnC.Usl1]:= Evap.HerlnComsl1] ~Evap) | |EvapHexLnQ2.add1.ul Evap Hex.LnQ2 division2.u2 ThLs Dhock compubes RO outpub shryesbs (elemen sel
1462 regulsr  Evap.HexnC flowModel.mus{1] = Modelica Med by <i>dividing</i> the corresponding slements of
1463 regular  Evap.HexLnC.mediumsl1l.sat.Tsat i= Modelica.Me the two inputs <b>ul</b> and <b>u2</b>:
1461 regular  EvapHexLnCmediums[2lp bar:= 1e-005 * Evap.l </p>
1465 regulsr  Evap.HexnCaststesPMI2].phase i= if Evap.Hex.Ln, ipres
1466 regular  Evap.HexLnCheatTransfer.Ts[2] := Medelica.Medi y Zoul / uzs
1467 regulsr  EvapHex nCmediums[2l.T degC iz 273.15 + Ewi ¥ ;
1468 regular  Evap.HexLnCstatesPMI2].d i= Modelica.Media.W: </pre>
1469 regulsr  Evap.HexLnC.ms[2] i= Evap.HexLnC fluidVolumes
1470 regulsr  Evap.HexnCmediumsl2l.u i= Evap HexnCmed </html>"),
m; vﬁgu:ar Evap‘:a-tnggsllh:;v‘ap-His;-]Lan'sd[l‘l_'E\Gpél Icon (coordinateSystem(
72 reguisr  EvapHexnCflowModel. mus(2] = ModelicaMe .
1473 reguler  Evap.HexLnCmediums(2].sst.Tsat i= Modelica.Me preserveAspsctRatio=trus,

1474 regulsr  EvapHexLnC flowModel Fs_p[1]:= 0.5 * (Evap.He. / extent={{-100,-100}, {100,100}},

1475 regular  Evap.HexlnCflowModel.dps_fg(1l:= -2.0* DIVISI, initialscale=0.1), graphics={

1476 regular  Evap.HexLnC.m _flows[2] := Modelica.Fluid.Pipes.. Line (points={{50,0},{100,0}}, color={0,0,127}),

14:7 regular Evap‘HEx.LnCﬂDwMDde\.rr\[u]sj(t[T] i= if noEven., e Line (points={{-30,0},{30,0}}),

1;& ::g:::: E::iuzt:gf_‘x’xﬁgt ;m"ﬁ:‘a;:?:’:‘;ﬁg- b Ellipse(fillPattern=FillPattern.Scolid, extent={{-5,20},
1480 regular  Evap.Hex.LnCflowModel.thos_act[1]:= if noEvent.
1481 regular  Evap.HexnCstate_a.T:= Modelica. Media.Water...
1422 regular  Evap.HexnCstate_a.d := Modelica.Media.Water
1483 regular  Evap.HexnCastate b.T
1424 regular  EvapHexnCstate b.d
1485 regular  Evap.HexLnQlAreay

Hex LnQ2.add1.ul = 1.0 / Evap.Hex.LnQ2.division2.u2

frution: Evap.Hex.LnQ2.adivision2d 1.yu 1 -
ning: Evap.Hex.LnQ2.division2.y = Evap.Hex.LnQ2.division2.u1 f Evap.Hex.LnQ2.division2.u2; {5,30}1),

Ellipse(fillPattern=FillPattern.Sclid,
extent={{(-5,-30},{5,-20}}),
Ellipse(lineColor={0,0,127}, extent={{-50,-50},

{50,503 1),

Text (
lineColor={0,0,255},
;110}, {150,150} },
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Performance Profiling for faster Simulation
(Here: Profiling equations of Siemens Drum boiler model with evaporator

 Measuring performance of equation blocks to find bottlenecks
« Useful as input before model simplification for real-time applications
* Integrated with the debugger to point out the slow equations

o Suitable for real-time profiling (collect less information), or a complete
view of all equation blocks and function calls

SteamPort

Crum&lH=at Mass 40
ez 23 ST IR

Conclusion from the evaluation:

“...the profiler makes the process
of performance optimization

radically shorter.”
oLC . w F"-"'-'r.PUFt

duration=500
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OpenModelica — ModelicaML UML Profile
Based on Open-Source Papyrus UML and OpenModelica

 ModelicaML is a UML Profile for SW/HW modeling
« Applicable to “pure” UML or to other UML profiles, e.g. SysML

e Standardized Mapping UML/SysML to Modelica

Defines transformation/mapping for executable models
Being standardized by OMG

ModelicaML

Defines graphical concrete syntax (graphical notation for diagram) for
representing Modelica constructs integrated with UML

Includes graphical formalisms (e.g. State Machines, Activities,
Requirements)

* Which do not yet exist in Modelica language (extension work ongoing)
* Which are translated into executable Modelica code

|s defined towards generation of executable Modelica code

Current implementation based on the Papyrus UML tool + OpenModelica

41
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Example: Simulation and Requirements Evaluation

emadels
(Two Tank abystemExample:: SystemSirmulations)
TankSystemSimulation

= ecomponents dm: TanksConnectedP!

= erequirementinstances 01 _tank1: Max level of liquid in a tank
=Neguirementlnstances 001 _tankZ: Max level of liquid in a tank
= wgmentlnstances W02 _tank1: “olume of the tank

i Plot Window

File

Req. 001 is instantiated 2 times
(there are 2 tanks in the system)

-
N
[ tank-height is 0.6m J/

Req. 001 for the tank2 is
violated

0.8

0.z

Edit  Insert

Tools  Help

| Open Save | Print | Select | Zoom | Pan | Grid | Hold | Preferences | Active | Image

EBX

Plot by OpenModelica

i

\./_/'\ﬁ Crrond_tankd violaked

@ dm.tanki.h

@ dm.tankz.h

M @ro01_tankz violated

50

100

150 200 250 300 350
time

/
Req. 001 for the tank1 is
not violated
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vVDR Method —

virtual Verification of Designs vs Requirements

Task

Formalize
Requirements

S

Formalize Designs

Formalize
Scenarios

S

Models

*
Create Verification

Execute and
Create Report

Analyze Results

Created Artifact

R I Requirement

Monitor Models

Designs
Alternative
Models
|| Scenario
Models

Verification Models

Reports

T

Goal: Enable on-demand
verification of designs
against requirements
using automated model
composition at any time
during development.
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Qutlook:
New OpenModelica Frontend for Large-Scale models

e Soon: New OMC Modelica_trunk (newlnst branch)
Compiler frontend for fast
compilation and large-
scale models 200,

 Been under development .
the past 2-3 years 200 -

4004 ——

350
total (421)
frontend (381)
backend (359)

—— simcode (359)
templates (356)

« Now (Oct 05) simulates 1501 Simutate (202
69% of MSL models, 100 il Ao
coverage increases about  so{ . 1
6% per month 0 B

ALY o Ob 0% ok

13)
« About 10-200 times faster 0% 0N e 0P o)
than the old frontend,
depending on model
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OpenModelica DAEMode for Large-Scale models

Goal — to handle hundreds of thousands to millions of
equations

Introduced sparse solvers in the solution chain:

« KLU for linear algebraic equations,

» Kinsol for nonlinear algebraic equations, and

» |IDA for sparse differential-algebraic equations.

DAEmMode: after index reduction, IDA solves the differential
equations and the algebraic loops simultaneously

Largest system so far: electro-mechanical power system
model with about 600.000 differential-algebraic equations

Under development for even larger systems

/772
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Summary and Questions

Multi-l_)omain Visual Acausal
Modeling 7/ : ¢ Component

MODELICA Modeling

www.modelica.org — Language, Standard Library
www.openmodelica.org — Open Source Tool

Typed
Declarative - ‘ EE— Hybrid

Textual Language Thanks for listening! Modeling

VLl
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