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Principles of Equation-Based
Object-Oriented Modelling



Principle #1: Declarative Modelling

Declarative Modelling

Models should describe how a system behaves

not how the behaviour can be computed

There are no input and output variables in real life

The best formalization of a simulation model
IS more easily understood by a human

not by a computer



Principle #1: Declarative Modelling

Equation-Based modular (— Object-Oriented) description
— The model of each component is described by equations
— The model is independent of the components it is connected to

— Physical connections < connection equations



Principle #1: Declarative Modelling

Equation-Based modular (— Object-Oriented) description
— The model of each component is described by equations
— The model is independent of the components it is connected to

— Physical connections < connection equations

Example: RC component
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Principle #1: Declarative Modelling

The solution work-flow is only determined at the overall system level
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The solution work-flow is only determined at the overall system level
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Principle #1: Declarative Modelling

The solution work-flow is only determined at the overall system level

g;]illz v (RC network)
Vo:f(t) (voltage generator)

V.=V (Kirchoff's law - mesh)
[,+1=0  (Kirchoff's law - node)

QT
‘r %

X := X 1initial
t := t initial
loop
V. 0 = f£(t)
V 1=V 0
I := (V - x)/R
I 0 := -1
dx dt := I/C
x := X + h*dx dt
t : =t + h

end loop
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Principle #1: Declarative Modelling

The solution work-flow is only determined at the overall system level

é;lil]: v (RC network)
Vo:f(t) (voltage generator)

V.=V (Kirchoff's law - mesh)
[,+1=0  (Kirchoff's law - node)

QT
‘r %

X := X 1initial
t := t initial
loop
V. 0 = f£(t)
V 1=V 0
I := (V - x)/R
I 0 := -1
dx dt := I/C
x := X + h*dx dt
t : =t + h

end loop
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Principle #1: Declarative Modelling

The same component can be reused in different contexts

g;]iljz v (RC network)
1,=f(t) (current generator)

V.=V (Kirchoff's law - mesh)
[,+1=0  (Kirchoff's law - node)

N 4

I=1) Toop

]:_10 I_O .

V=x+RI ﬁ> 5 :
V():V vV 0 -

! i
! :
t

é

=

X initial
t initial

R*1I

I/C
h*dx_dt

+ 4+ 1< +|

o

12



Principle #2: Modularity

Modularity

Models interact through physical ports
their behaviour depends explicitly on the port variables

not on the actual connected components

A model can be internally described

as the connection of other models

13



Principle #2: Modularity

Physical ports: coupled effort and flow variables

Electrical systems: Voltage and Current

1D Mechanical systems (Trans): Displacement and Force
1D Mechanical systems (Rot): Angle and Torque
Hydraulic systems: Pressure and Flow

Thermal Systems: Temperature and Thermal Power Flow
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Principle #2: Modularity
* Physical ports: coupled effort and flow variables

— Electrical systems: Voltage and Current

— 1D Mechanical systems (Trans): Displacement and Force
— 1D Mechanical systems (Rot): Angle and Torque

— Hydraulic systems: Pressure and Flow

— Thermal Systems: Temperature and Thermal Power Flow

« Connection of N ports «<» Connection equations

€1=€,=...=€y (Same voltage / displacement / angle / pressure)

Z fj:() (Currents / Forces / Torques / Flows sum to zero)
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Principle #2: Modularity
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Principle #3: Inheritance

Inheritance

Parent-Child (“is-a”) relationships

can be established among models

A child model inherits the parent features
(variables, parameters, equations, sub-models)

and adds its specific ones

17



Principle #3: Inheritance

Thermal _
Resistor Capacitor
Is a ?
Is a

[ Resistor j
[ OnePort j

Is a +




Equation-Based Object-Oriented Modelling

Description of basic components by differential-algebraic equations,
discrete-event equations and a-causal ports
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Equation-Based Object-Oriented Modelling

Description of basic components by differential-algebraic equations,
discrete-event equations and a-causal ports

-4

Modular and hierarchical composition
(object connection diagrams)
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Equation-Based Object-Oriented Modelling

Description of basic components by differential-algebraic equations,
discrete-event equations and a-causal ports

-4

Modular and hierarchical composition
(object connection diagrams)

-4

Object-Oriented features
(inheritance, encapsulation)

-4

Automatic generation of simulation code

22
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Language

The Modelica Language



Modelica Fact Sheet

« Language for equation-based, object-oriented
dynamic system modelling

 Version 1.0 introduced in 1998
 Current version: 3.4 released in 2018

« Developed and maintained by non-profit Modelica Association
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Modelica Fact Sheet

« Language for equation-based, object-oriented
dynamic system modelling

* Version 1.0 introduced in 1998

« Current version: 3.4 released in 2018

» Developed and maintained by non-profit Modelica Association
« Companion Modelica Standard Library of basic models

* Tool-Independent language definition
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Modelica Fact Sheet

« Language for equation-based, object-oriented
dynamic system modelling

* Version 1.0 introduced in 1998

« Current version: 3.4 released in 2018

» Developed and maintained by non-profit Modelica Association
« Companion Modelica Standard Library of basic models

* Tool-Independent language definition

« Supported by 9 commercial and 2 open-source simulation tools
« Extensive Open-Source & Commercial Model Libraries

« Development of new models eased by EOO approach

26



Example Models

type Voltage = Real (unit="V”, nominal = led);
type Current = Real (unit="A", nominal = led);
type Power = Real (unit="W”, nominal = 1le8);

type Resistance = Real (unit="V/A");



Example Models

type Voltage = Real (unit="V”, nominal = led); connector Pin
type Current = Real (unit=”A”, nominal = le4); Voltage v;
type Power = Real (unit="W”, nominal = le8); flow Current i;

type Resistance = Real (unit="V/A"); end Pin;



Example Models

type Voltage = Real (unit="V”, nominal = led); connector Pin
type Current = Real (unit="A”, nominal = led); Voltage v;
type Power = Real (unit="W”, nominal = le8); flow Current i;
type Resistance = Real (unit="V/A"); end Pin;
1 model Resistor
Pin p,n;
Voltage v;

Current 1;
parameter Resistance R;

equation
R VvV = p.v - n.v;
1 =7p.1i;
0 = p.1 + n.i;
n v = R*i;

end Resistor;



Example Models

type Voltage = Real (unit="V”, nominal = led); connector Pin
type Current = Real (unit="A”, nominal = led); Voltage v; |
type Power = Real (unit="W”, nominal = le8); flow Current i;
type Resistance = Real (unit="V/A"); end Pin;
1 model Resistor model Capacitor
Pin p,n; i. Pin p,n;
Voltage v; Voltage v;
Current 1i; X Current 1i;
parameter Resistance R; B parameter Capacitance
R equation vi 1 C equation
vV = p.v - n.v; V = p.v - n.v;
i =p.i; ! i=p.i;
0 =p.1 + n.i; n 0 =p.1i + n.i;
n v = R*1i; i = C*der (v);

end Resistor; end Capacitor;



Example Models

type Voltage = Real (unit="V”, nominal = led);
type Current = Real (unit="A", nominal = led);
type Power = Real (unit="W”, nominal = 1le8);
type Resistance = Real (unit="V/A");
1 model Resistor
Pin p,n; . i
Voltage v;
Current 1; X
parameter Resistance R; ED
R equation vi 1
vV = p.v-n.v; C
1 =10.1;
0 = p.1 + n.i;
e ln
n v = R*1;
end Resistor;

connector Pin
Voltage v;
flow Current 1i;
end Pin;

model Capacitor
Pin p,n;
Voltage v;
Current 1i;
parameter Capacitance

equation
vV = p.v-n.v;
i =Dp.1i:
0 = p.i + n.i;
1 = Cxder (v);
end Capacitor;

Models in DECLARATIVE form!
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Modular & Hierarchical Composition

D model RCNet
parameter Resistance Rnet;
parameter Capacitance Cnet; Modifi
odifiers
R1 Resistor R1 (R=Rnet); -&— .
Capacitor Cl(C:Cnet);A/(parameter propagation)
Pin p,n;
equation

connect (Rl.n, Cl.p);

Equivalent to:
Cl )
_];_ connect (R1.p, p); Rl.n.v = Cl.p.v;
n connect (Cl.n, n); Rl.n.i + Cl.p.i = 0;
end RCNet;

model SimpleCircuit

RCnet RC1 (Rnet=100, Cnet=le-6);
Vsource VO;

Ground GND1, GND2;
(::) RC1 equation

connect (RCl.n, GNDl.p);
connect (RCl.p, VO0.p);
connect (VO.n, GND2.p);

GNIﬁZI } GND1 end SimpleCircuit;

32



Graphical Annotations and Object Diagrams

* Graphical annotations allow to build and visualize composite models graphically
* The underlying model description is textual

4 N1 1
R2 R1 J
5
N4 2 N3 @ AC
0
L C
N2
6 7 3



Inheritance: Factoring Out Common Features

Resistor and Capacitor have common features

N4

Factor them out in a base class OnePort

partial model OnePort
Pin p,n;
Voltage v;
Current 1i;
equation
V = p.v - n.v;
i p.1i;
0 p.1i + -n.i;
end OnePort;
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Inheritance: Factoring Out Common Features

Resistor and Capacitor have common features

N4

Factor them out in a base class OnePort

partial model OnePort [:i>>
Pin p,n;

Voltage v;
Current 1i;
equation
Vv = p.v — n.v;
i=7p.1i;

0 =p.1 + -n.i;
end OnePort; [j:>

model Resistor
extends OnePort;
parameter Resistance R;
equation
v = R*i;
end Resistor;

model Capacitor
extends OnePort;
parameter Capacitance C;
equation
C*der (v) = 1i;
end Capacitor;
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Computational Model for Continuous-Time Systems

Model (DAEs) F(x,%x,v,p,u,t)=0

Causalization

(solving forx, v)

State-Space representation. x=f (x Py U, t)
(ODEs) v=g(x,p,u,t)
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Computational Model for Continuous-Time Systems

Model (DAEs) F(x,%x,v,p,u,t)=0

Causalization

(solving forx, v)

State-Space representation. x=f (x Py U, t)
(ODEs) v=g(x,p,u,t)
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ODE Time integration
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Computational Model for Continuous-Time Systems

Model (DAEs) F(x,%x,v,p,u,t)=0

Causalization

(solving forx, v)

State-Space representation. x=f (x Py U, t)
(ODEs) v=g(x,p,u,t)

2 A

Export as state-space block
ODE Time integration for other simulation environmens
or co-simulation
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Related Standards: FMI

Open Standard for causal m " Functional
dynamic model exchange I Mock-Up
—e— |Nterface

Internal representation of an FMU:
state-space system with inputs and outputs

— DLL or C-code for computation

— XML description of variables and parameters
Automatically generated from OO models
with only input and output connectors at the top level

— Actuator inputs
— Sensor outputs
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Related Standards: FMI

Open Standard for causal m " Functional
dynamic model exchange I Mock-Up
—e— |Nterface

Internal representation of an FMU:
state-space system with inputs and outputs

— DLL or C-code for computation
— XML description of variables and parameters

Automatically generated from OO models
with only input and output connectors at the top level

— Actuator inputs
— Sensor outputs

Supported by all Modelica tools and by over 130 simulation tools
https.//fmi-standard.org/tools/

x:f(x, p,u, t)
FMI-ME (model exchange): v=g(x,p,u,¢)

FMI-CS (co-simulation) S =S4l X Pt 1)
vi=g(x,, pougt,)

40


https://fmi-standard.org/tools/

Related Standards: SSP & DCP

System Structure
& Parameterization

and connection of FMUs to form

 Open Standard for parametrization Ssp
complete system models

« Allows to describe system models built by assembling FMUs

« System integration level

41



Related Standards: SSP & DCP

 Open Standard for parametrization SS
and connection of FMUs to form p

complete system models

System Structure
& Parameterization

« Allows to describe system models built by assembling FMUs

« System integration level

« Open Standard Protocol for dcp gis”?b“ted.
_ _ o-Simulation
co-simulation of FMI-CS blocks Protocol
« Supports multiple distributed simulation architectures
— Over TCP/IP
— Over Bluetooth
— Over USB

— Over CAN Bus

42



Case Study

Satellite Attitude
Modelling and Control

Joint work with
prof. Marco Lovera

Dept. Aerospace Engineering
Politecnico di Milano

43



Requirements

Support the design of satellite attitude control systems

— Actuator sizing
— Feasibility study with idealized actuators, sensors, and control laws

— Detailed engineering design of equipment and control laws
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Requirements

Support the design of satellite attitude control systems

— Actuator sizing
— Feasibility study with idealized actuators, sensors, and control laws
— Detailed engineering design of equipment and control laws

Unified modelling framework,
reuse models as much as possible
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Requirements

Support the design of satellite attitude control systems

— Actuator sizing
— Feasibility study with idealized actuators, sensors, and control laws
— Detailed engineering design of equipment and control laws
Unified modelling framework,
reuse models as much as possible
Environment model
— Accurate gravity field model based on harmonic expansions
— Accurate magnetic field model based on harmonic expansions

— Atmospheric model
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Requirements

Support the design of satellite attitude control systems

— Actuator sizing
— Feasibility study with idealized actuators, sensors, and control laws
— Detailed engineering design of equipment and control laws

* Unified modelling framework,

reuse models as much as possible

* Environment model
— Accurate gravity field model based on harmonic expansions
— Accurate magnetic field model based on harmonic expansions
— Atmospheric mode

« Systematic use of inheritance and replaceable classes to achieve
maximum flexibility of detail

47



Spacecraft Model Architecture (Top View)

S

L ® control  m—

Cwrnamics

O= K
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Choice of Environmental Model Parameters

world in Simulator 2xl

General IAnimation I Defaults IAdd madifiers |

Component lcon

Mame  Jwarld Wiarld

&

Carnrnert I i l l
Model o

Path SpacecraftDynamics. E nvironment ' orld

Comment *World coordinate system + gravity field + magnetic field + default animation definition
Epoch =

day_init I 19 » Initial day of simulation

rnatth_inik I 5k Initial month of simulation

year_init I 2008 » Initial year of simulation
Environmental data

planet I Earth 3 Properties far environmental models

qravityTyupe I SpacecraftDynamics. Environment. Topes. Gravit T ppes JGM3Gravity LI 3 Type of gravity field model

] | Modelica Constantsa e »  més2  Constant gravity accelsation

f I {0.-1.01 ;I | I Direction of gravity resolved in warld frame [gravity = g'n/lengthn]]

M_grav I 4 E zpanszion order for planet's gravity field potential model JGRM3 1

magfieldType I SpacecraftDiynamics. Erviranment. Tyepes M agfieldT ppes. Dipolebd agfield ;I » Type of magnetic figld model

MH_mag I T E xpanzion order for planet's magnetic figld potential

sunlype I SpacecraftDynamics. Erwvironment. Tppes. SunT ypes. SimpleSun ;I » Type of sun ephemeris model

moonT ppe I SpacecraftDynamics. Ervironment. Types. MoonT wpes. Mobdoon ;I » Type of moon ephemers model

atmozphenaType ;I » Type of Earth's atmosphere model LI

!
] odel |
Harris and Priester atmozphere model 0k, Info | LCancel |
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Spacecraft Dynamics

w‘




Spacecraft Dynamics

ravity gradient

Fesidual dipole

Solar radiation

Aerodynamic
drag

body

frame_a

Orhital parameters

0O

m=inertialData.m
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Sensor Block
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Sensor Block

contral

DE
=

Dynamics

o=

fixedRotation1

LY =
|

m
1 u "
r={0,0,0} e

[

frame_a fixedRotation2

7

I
o

r={0,0,0}

fixedRotation3

R ’Vr
-
U
b

I

r={0,0,0}



Actuator and Control Blocks

Cwrnamics

O

1
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Actuator and Control Blocks

Cwrnamics

o= K
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Use of Replaceable Objects

« All the components of the SensorBlock, ActuatorBlock, and
ControlBlock models are replaceable

The base model defines empty interfaces with connectors

When instantiating a specific spacecraft model, the empty interfaces
can be replaced with any of their child models

» |dealized models (e.g. ideal torque or force generation)

* More realistic models (with some non-ideal effects)

» Actual engineering models of commercial units

The replaceable structure is recursive down to the level of the
invdividual sub-assembly model

All the concrete replacements are stored in a reusable library

56



Use of Replaceable Objects

« All the components of the SensorBlock, ActuatorBlock, and
ControlBlock models are replaceable

The base model defines empty interfaces with connectors
When instantiating a specific spacecraft model, the empty interfaces
can be replaced with any of their child models

» |dealized models (e.g. ideal torque or force generation)

* More realistic models (with some non-ideal effects)

» Actual engineering models of commercial units
The replaceable structure is recursive down to the level of the
invdividual sub-assembly model

All the concrete replacements are stored in a reusable library

« A la carte customization of the level of detail of each block
» Extensive families of models can be developed

Throughout the project lifetime
With guaranteed consistency of data and models
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Use of Replaceable Objects

« All the components of the SensorBlock, ActuatorBlock, and
ControlBlock models are replaceable

The base model defines empty interfaces with connectors
When instantiating a specific spacecraft model, the empty interfaces
can be replaced with any of their child models

» |dealized models (e.g. ideal torque or force generation)

* More realistic models (with some non-ideal effects)

» Actual engineering models of commercial units
The replaceable structure is recursive down to the level of the
invdividual sub-assembly model

All the concrete replacements are stored in a reusable library

« A la carte customization of the level of detail of each block
» Extensive families of models can be developed

Throughout the project lifetime
With guaranteed consistency of data and models

« Compare with classical copy-paste-modify approach...
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Example: Textual Code View

model Example
import SpacecraftDynamics.Spacecraft.* ;
inner Environment.World world;
Implementations.SpacecraftBase spacecraft (
redeclare model SensorBlock =
Sensors.Implementations.GPS StarTracker MagField(
redeclare model StarTrackerConf =
Sensors.Components.StarTrackers.Assemblies.SingleST conf (
redeclare model StarTracker =
Sensors.Components.StarTrackers.StarTrackerBase (
data=Sensors.Components.StarTrackers.Datasheets.ESA2006 prj)))
redeclare model ActuatorBlock =

redeclare model ControlBlock =

) ;

end Example;

59



Example: Setup via GUI

test_spacecraft - SpacecraftDynamics. Tests.test_spacecraft - [Diagram]

B File Edt Simulation Plob Animation Commands Window Help

2HQAE R YOO ARL DT

B¢

H B £ v

Package Browser »

Packages

[+ §¥Madelica Reference
[ Modelica

-~ Unnamed

=] ﬁ SpacecraftDynamics

=] ]S pacecraft

[ Implementations
[T Dunarnics
[Jsensors
[CJActuatars
[JData

=] [CJEnvirarment

pacecraftBaseNEW1 in SpacecraftDynamics. Tests. test_spacecraft

General | Systems |Add modifiers

Lrynarmic:

D ynamicsBlock, |'.

Orbit-bazed initislization for 5/C dynamics V| >

Actuator

Options for dynamics block

ActuatorBlock |Tq

Jets (v |EE] »

Options for actuators block

Sensors

SenzorBlock 'ﬁ

GPS, 5T and Magnetometers [1. v, q. B] v| ¥

Options for senzors block,

Cortral

ControlBlock |

ideall..) ~|E5»

Options for control block

=] [ Corttrals
=] [ Functions

[ ok J[ wo  |[ Concel

redeclare SensorBlock in SpacecraftDynamics. Tests.test_spacecraft

General | Add modifiers |

Component lcon

M ame |ledec:lare SensorBlock |

¥ world

Comment |

Model
Path SpacecraftDynamics. Spacecraft. Senzorz. Implementations. GPS_StarT racker_agField

Comment GPS, 5T and Magnetometers [r, v, g, B]

GPS ideal no rcise] % |EE[» Global Posttioning System antenna models
StarTrackerConf Single Star Tracker | ¥ Star Trackers configurations
E *  Magnetometer models

M agn

v 2 Single Star Tracker
12 Configuration of three Star Tracker az per SWARM mizsion

(RIEE] €] » (=]

Modeling “W* Simulation |




Example: Setup via GUI

test_spacecraft - SpacecraftDynamics. Tests.test_spacecraft - [Diagram]

& File Edit Simulation Flot Animation Commands  Window  Help

BEHQES N VYOOCARL-B- [N Z- B-¢» =5

BB &z~

Package Browser x -
Fackages SpacecraftBaseMEW1 in SpacecraftDynamics. Tests.test_spacecraft |1| |£|
oM odeliza Reference -
ﬁ Modsiica General Systems | Add modifiers
Unnarned Diynamics
= ﬁ SpacecraftDynamics DynamicsBlock |‘ Orbit-bazed initialization for 5/C dynamics | ¥ Dptions for dynamics black
=] ] Spacecrat
- . Actuator
] Implementations —_—_— 6 0 0D0D0D0—7— ———
(J0vnamics redeclare SensorBlock in SpacecraftDynamics. Tests.test_spacecraft |1||§| tors block

General | Add modifiers

EECES

D Actuators B oan ors block
[ Data k Ame edeclae Cenzaflock
& [CJ Enwironment redeclare StarTrackerConf in SpacecraftDynamics. Tests.test_spacecraft |1||£| . I trol block
& ] Contrals :
General | Add modifiers

B 7] Functions

=) ﬁ Tests Component lzon Cancel

redeclare Star Tracker in SpacecraftDynamics. Tests.test_spacecraft

Add modifiers System antenna models
[figurations
Companent |con ARM_ST_conf >
elz
Mame |redeclare StarTracker |
—
Comment | | . .

Hodel ' Opticrs for Star Tracker models Irfa ] [ Cancel ]
Path SpacecraftDynamics. Spacecraft Sensars. Components. StarTrackers. | dealStarTracker 'I_
Comment ideal [no noize, availability = 1] j [

Info ] [ Cancel ]

Parameter
data | Sensorz. Components. StarTrackers. Datazheets ESA2006_pr | »

[ Ok ] [ Infa ] [ Cancel ]

(RIE]e] > (8]

Modeling “y# Simnulation |




Use for Actuator Sizing

 |deal SensorBlock

» ActuatorBlock with unknown input torques and forces

« Equations in ControlBlock
prescribe the exact pointing of the target

« Exactly the same physical model of spacecraft and environment
as for the forward closed-loop simulation

62



Use for Actuator Sizing

 |deal SensorBlock

» ActuatorBlock with unknown input torques and forces

« Equations in ControlBlock
prescribe the exact pointing of the target
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System equations automatically solved backwards
to compute the required forces and torques
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Use for Actuator Sizing

 |deal SensorBlock

» ActuatorBlock with unknown input torques and forces

« Equations in ControlBlock
prescribe the exact pointing of the target

« Exactly the same physical model of spacecraft and environment
as for the forward closed-loop simulation

System equations automatically solved backwards
to compute the required forces and torques

? Much better than rule-of-thumb sizing!
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Use for Actuator Sizing

 |deal SensorBlock

» ActuatorBlock with unknown input torques and forces

« Equations in ControlBlock
prescribe the exact pointing of the target

« Exactly the same physical model of spacecraft and environment
as for the forward closed-loop simulation

System equations automatically solved backwards
to compute the required forces and torques

? Much better than rule-of-thumb sizing!

? Unified & Consistent modelling framework
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Use for Idealized Control Law Validation

Ideal SensorBlock and ActuatorBlock

Equations in ControlBlock implement textbook-version
of control law
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Use for Idealized Control Law Validation

Ideal SensorBlock and ActuatorBlock

Equations in ControlBlock implement textbook-version
of control law

. First assessment of control performance

. Very fast simulation (low detail)
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Use for Accurate Control Performance Validation

 Detailed SensorBlock and ActuatorBlock

« Equations in ControlBlock implement detailed version
of control law, possibly in discrete time
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Use for Accurate Control Performance Validation

 Detailed SensorBlock and ActuatorBlock

« Equations in ControlBlock implement detailed version
of control law, possibly in discrete time

. Assessment of control performance
in realistic conditions
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Use for SW/HW-in-the-Loop Controller Validation

« Empty ControlBlock with top level inputs/outputs for
sensor/actuator signals

« ControlBlock inputs/outputs propagated to top model
inputs/outputs

* Overal model exported as FMU
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Use for SW/HW-in-the-Loop Controller Validation

« Empty ControlBlock with top level inputs/outputs for
sensor/actuator signals

« ControlBlock inputs/outputs propagated to top model
inputs/outputs

* Overal model exported as FMU

. Closed-loop simulation on actual control sw

. Closed-loop simulation on real-time control hw

71



The Communities



The Modelica Association

« Non-profit association developing

Open Standards for Dynamic System Simulation m
« Established in 1997 ®
* Brings together m O d e I 1CQ

— Modelica/FMI tool developers y 4 Association

— Scientists and researchers from academia
— R&D engineers from companies
— Multidisciplinary interest in Tools, Methods, and Applications
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The Modelica Association

« Non-profit association developing

Open Standards for Dynamic System Simulation m
 Established in 1997

L
* Brings together m O d e I 1CQ

Modelica/FMI tool developers y 4 Association
Scientists and researchers from academia

R&D engineers from companies

Multidisciplinary interest in Tools, Methods, and Applications

* Organizes the International and Regional (American & Asian)
Modelica Conferences

* 100% Open access products

Open access standards
Free model libraries
Open access Modelica Conference proceedings
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The Modelica Association

« Non-profit association developing

Open Standards for Dynamic System Simulation m
- Established in 1997 - ®
* Brings together m O d e I 1CQ

— Modelica/FMI tool developers 4 Association

— Scientists and researchers from academia
— R&D engineers from companies
— Multidisciplinary interest in Tools, Methods, and Applications

* Organizes the International and Regional (American & Asian)
Modelica Conferences
* 100% Open access products
— Open access standards
— Free model libraries
— Open access Modelica Conference proceedings

« Activity organized in coordinated
Modelica Association Projects (MAPSs)
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The Modelica Association Projects

« MAP-LANG:
Develops the Modelica Language Specification M Odglgggg
- MAP-LIB:
Develops the Modelica Standard Library mode | |c a
Libraries
* MAP-FMI " Functional
Develops the FMI standard Tm' Mack Up

« MAP-SSP
Develops the SSP standard SSP System Structure

& Parameterization

« MAP-DCP: o
Develops the DCP standard dCP CorSimulation

Protocol

« Other projects can be added if they are consistent with
the overall goals of the Modelica Association
(Open Standards for System Simulation)
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The Open Source Modelica Consortium (OSMC)

OpenModelica

« Non-profit organization developing
the Open Modelica Compiler (OMC) suite of tools

 Established in 2007

« 22 Companies and Institutes

— ABB

— Bosch-Rexroth

— Siemens Turbo Machinery
— Saab

— EDF

— RTE

o 28 Universities
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The OpenModelica Toolkit

OpenModelica Compiler (OMC)

Full-fledged Modelica 3.4 compiler

Dual licensing: GPL v3 and OSMC-PL

Current release: 1.14.0

Coverage: 95% MSL, 80% known open-source Modelica Libraries
Target for 2.0.0 release in 2020: 100% MSL, >95% other libraries
Python, Matlab, Julia interactive interfaces with API
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The OpenModelica Toolkit

OpenModelica Compiler (OMC)

OMEdit

Full-fledged Modelica 3.4 compiler

Dual licensing: GPL v3 and OSMC-PL

Current release: 1.14.0

Coverage: 95% MSL, 80% known open-source Modelica Libraries
Target for 2.0.0 release in 2020: 100% MSL, >95% other libraries
Python, Matlab, Julia interactive interfaces with API

IDE with GUI, similar to Dymola
Debugging of equation-based models
Uses OMC as Modelica engine
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The OpenModelica Toolkit

* OpenModelica Compiler (OMC)

« OMEdit

Full-fledged Modelica 3.4 compiler

Dual licensing: GPL v3 and OSMC-PL

Current release: 1.14.0

Coverage: 95% MSL, 80% known open-source Modelica Libraries
Target for 2.0.0 release in 2020: 100% MSL, >95% other libraries
Python, Matlab, Julia interactive interfaces with API

IDE with GUI, similar to Dymola
Debugging of equation-based models
Uses OMC as Modelica engine

e OMSimulator

Simulation environment for FMI/SSP system models
Integrated with OMEdit

 And many others
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Development of the OpenModelica tools

« Core functionality
— OSMC developers paid by the Consortium

* New features (also experimental):

— Supported by research funding bodies
— ITEAZ2 and ITEAS projects
— National research projects (mostly Sweden and Germany)

* Independent contributors
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Development of the OpenModelica tools

« Core functionality
— OSMC developers paid by the Consortium

* New features (also experimental):

— Supported by research funding bodies
— ITEAZ2 and ITEAS projects
— National research projects (mostly Sweden and Germany)

* Independent contributors

* About 60 contributors so far
« Development hosted on GitHub https://github.com/OpenModelica

« Continuous Integration testing on each commit,
online coverage reports available

* Nightly builds available
« Bug tracking infrastructure, about 250 tickets fixed per year
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https://github.com/OpenModelica
https://libraries.openmodelica.org/branches/newInst/Modelica_3.2.3/Modelica_3.2.3.html

OpenModelica & Open Source Model Development

* OpenModelica enables building 100% open-source
modelling&simulation toolchains

 Example: RTE’s Dynawo tool for power system simulation
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OpenModelica & Open Source Model Development

* OpenModelica enables building 100% open-source
modelling&simulation toolchains

 Example: RTE’s Dynawo tool for power system simulation

« Joining the consortium enables to

— Support the long-term development of the OMC tool suite
— Have a say on the strategic development decisions
— Get priority in the fixing of bugs and implementation of new features

— Contribute features directly (e.g. Bosch-Rexroth’s C++ runtime)
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OpenModelica & Open Source Model Development

* OpenModelica enables building 100% open-source
modelling&simulation toolchains

 Example: RTE’s Dynawo tool for power system simulation

« Joining the consortium enables to

— Support the long-term development of the OMC tool suite

— Have a say on the strategic development decisions

— Get priority in the fixing of bugs and implementation of new features

— Contribute features directly (e.g. Bosch-Rexroth’s C++ runtime)
 The investment in Modelica model development is guaranteed by

the whole tool-vendor ecosystem, including at least another open-
source tool (JModelica)

> Low-risk + no vendor lock-in
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Thank you
for you kind attention!

Any questions?
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