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SysML 4 MODELICA: (OMG)

¢ Modelica
¢ OMG standard: SysML4Modelica transformation

Co-simulation: SysML & Simulink

¢ Simulink
¢ Co-simulation SysML/Simulink with Cosimate (IBM).
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3 Using SysML to Federate Models
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Using SysML to Federate Models

* Model Object
D | Model Dependency
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SysML [B
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Equations simulation with SysML

Simulator SysML 3rd party Simulator Simulink
(time
synchronisation)

ng or

, copyi

i i Model
1- Co-simulation SysML

Model
Generation

C/ C/
C++ C++

3- Full Integration Model >
2 = S
{SysML Centric) + Modelica
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6 coupling of SysML and simulation tools
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Coupling
method

Reichmann et al.
(2004),
Telelogic

Rhapsody®

Hooman
et al.
(2004)A

ATEGO — ACE
)

IBM-Cosimate
(2010)

C. Nytsch-Geusen
(2007), A. Pop et
al., (2007),

T. A. Johnson et al.,
(2008)

ModelicaML (2009)

SysML4Modelica
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time
management

Code Co- Co-simulation Full integration
Generation simulation | of Simulink / Conversion to
of SysML Modelica
Simulink execution
and
Rose® RT
By independent | By By independent | By Modelica
module Simulink module
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Modelica language
(www.modelica.org)
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What is Modelica? (www.modelica.org)

State-of-the-art Modeling Language for System Dynamics

+ Differential Algebraic Equations (DAE)
+ Discrete Events
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Example: detailed vehicle model

 Vehicle dynamics (3-dim. mechanics)

* Drive trains (1-dim. mechanics)

.......................................... courtesy: Modelon AB

e e
e Hydraulics ... 3 et ﬁE = =
...................................... £ e e — _.:T: | |
....... o :D—c:. .:)——:_ _::
J=0.2 c3 =
ratio=100/40 -
) ratio=100r20
e Combustion

* Air Conditioning e
(Thermofluid systems)

* Electrical/electronic systems

 Electrical machines

.................... C4
............. | R3
........................ L
........................... courtesy Modelon AB —C=1e-10 }
............................... ’ = ] o

Hierarchical state machines
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Modelica example

Step1 controller gearbox
positione. ..

_>—>—f_—o—>

startTime=0 Ti=Ti

peojyd

cl ass LowPassFilter al gorithm

paraneter Real T=1; y =0
Real u, y(start=1); xpover := 1;
equat i on

T*der(y) +y = u
end LowPassFilter;

for i in 1.n+1 | oop
y =y + a[i]*xpower;
Xpower := Xpower*Xx;
end for;
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System simulation with SysML

Full Integration

SysML & Modelica:

SysML4Modelica

(standard OMG)
Version 1.0: march 2012
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SySML vs Mathematical Languages

SYSML

¢ Language for architectural system design
¢ Contain Structure and Control Concepts

mination, distribution,

, dissel

o Control: Dataflow (IDB) and Events control (inherits from UML)
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¢ Matlab / modelica
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SysML-Modelica Transformation

Two complementary languages for Systems Engineering:

¢ Descriptive modeling in SysML

¢ Formal equation-based modeling for
analyses and trade studies in Modelica

Objective:
¢ Leverage the strengths of both SysML and Modelica by integrating
them to create a more expressive and formal MBSE la  nguage.
o Extend only the structural part of the SysML Languages
o Add Modelica semantics to SysML (with stereotype)

¢ Define a formal Transformation Specification:
0 a SysML4Modelica profile
0 a Modelica abstract syntax metamodel
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0 a mapping between Modelica and the profile

, copying or

on 7.0.8

are hereby notified that any review, dissemination, distribution

approval. ©THALES 2011. Template trtp versi

erty of THALES. You

and any attachments are the prop

of this document is strictly prohibited without Thales prior written

contained in this document

The information
otherwise use

THALES




SysML- I\/Iodellca Robot Example

bdd [Package] Structure [ EobotDomain BDD U
zhlocks=
RobotDomain
load dr pf pE raok
zhlock= zhlock= zhlock= zhlock= zhlock=
Load Driver Platform PowerSource Robot
ibd [Block] RobotDomain [ RobotDomain IED U
rob : Robot
dr : Driver : e load : Load EE
i f =< cortroln Lkl | E
CartralCmed F+| > ':l =2
= i -
ps : PowerSource MechEnerayFlow ;_g
if > E frowver|F E
ElecEneroyFlowe | [ oLt i
3=
MechEnergyFlow “ ;
it 22
pf : Platform




bdd [Package] Robot [ Raobot BEDD ],J _

ke LCOmments g

Robot axis 2-6 not shown s

=

/

g

4 :
: s ze
]3] ch axist | arm i
shlocks <hlocks shlocks shlncks
PathPlanner ControlBus Actuator Arm 3:
£5
=5
ibd [Block] Raboat [ Robat IBD ]J i c
cb : ControlBus . | axist : Actuatnr_| i i | arm : Arm %ﬁ
—-|—P—|—- Bsl e I 3u

E P > 3 3
o PathCmd | E [ RotationalEner gy Flow il gj;
it
Es
[axiz? : Actuat >
;] > E:imlss : Actuator i & iz ’__| “%’é
om . > £2
ot Ethtd | RotationalEner gyFlow e 2 E
e A 52
|:—- _|+am53 5 nc‘tuatur'_l j > ia [H % %
aut3 :l Pathicmd Dl H RotationalEner gyFlaw %é
| pp:PathPlanner | 23
1 S = R loadlF  loadlF = £
cortralin | i aut | Pathcmd T in J:] i qal;i;j: m:tuatur. i > i [ :lr.,q o I % B gg
ot Pathicmed ||_ RotationalEnergyFlow SEIERELELIe %E
ey
= L IEslmc::: : nc’tua‘turE: i y 5 & i
S pethcm RatationalEnergyFlow =
| axish : Actuator | i i EE
outh [Ij > =] cmd [+ > ] o

I — PathCmd L — RmationalEnerg'fFlole_ o E
povver|F baselF .
ElecEnergyFlow I
powerlF - mourtlF ‘MechEnergyFloW \ E 5
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Elﬁ Data

E}E ModelicastandardLibrary [modelicastandardiibr
-2 Relations
B[] Modelica «ModelicaPackages
[/ Blocks «ModelicaP gefge:
[P Constants « icaPackage:
1 - 1| Electrical «ModelicaPackage:
fnalog «ModelicaPackage:s:
Digital «ModelicaPackage:s
Machines «ModelicaPackages:
Multiphase «ModelicaPackage:
th «ModelicaPackage:
chanics «ModelicaPackages
MultiBody «ModelicaPackage:
Rotational «ModelicaPackages
Translational «ModelicaPackage:
@ Components eModelicaPackages
ModelCrerview
MassExample
B-F] Mass «ModelicaMadel
B-fF] Spring «ModelicaMadels
B[] Fixed «Modelicaiodels
[ Examples «ModelicaPackages
B[] Interfaces «ModelicaPackages:
| Sensors «ModelicaPackages
-] Sources «ModelicaPackage:
B[/ SIunits «ModelicaPackage:
M3l Package Struckure

T}

= §|3||3|I3||3

EHEIIEIIEI

L
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Drag and drop into

stified that any review, dissemination, distribution, copying or
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c
o
@
o
>
=3
2
8
ibd [Modelicalodel] RobotnalyticalDomain | Mo abot ]
«modielicaPorts
controlBus : ControlBus «modelicaP:
pathPlanning : PathPlanningt
modelicaConnections
amodelicaPorts amodelicaPorts +modelicaPorts DR
smodelicaConnections axisControlBus ; AxisControlBus smodelicaParts E’]ﬂange Flange_k axish : Flange a | i i e
{ ] axiss : AxisType? emodelcalonnections L
amodelicaPorts amodelicaPorts +modelicaPorts
emodelicaConnections axisContralBus | AxisControlBus «modelicaParts flange : Flange_b axizs : Flange_a |
axish : AxisType? El
amodelicaConnections
amotelicaPorts amodelicaPorts «modelicaPorts
amodslicaConnections axisContralBus © AxisControlBus «modslicaPart: ]jflange Flange_k axisd ; Flange_a |
axisd: AnisType2 lTI amodelicaConnections {1
) amodelicaPorts amodelicaPorts smodelicaPorts
Fmde"CECDnnEWDn» axisControlBus : AxisCortralBus amadslicaParts fiange ; Flange_b axis? : Flange_a |
axis3 : AxisTyped L]
emodelicaCanneChons:
amobislicaPorts ) )
cortrolBus amadelicaPort: . «modelicaPorts «modelicaPort:
emodelicaConnections  oyisControlBus AxisCurﬂrDlEusD smodelicaPats |J_|flange Flange_k axis2: Flange_a M
axis2 : AxisTypel T‘ emodelicaConnections 1
amodelicaPorts emodelicaPorts +modelicaPorts
emodelicaConnections  axisControlBus | AxisControlBus smodelicsParts ijlange Flange_k axis!  Flange_a M
[ ] axie1: AnisTyper amodelicaCannections IT
=]
28
<
3
Ea
S .2
E2
22
=0

THALES




SysML4Modelica Analytical Model:

, copying or

ibd [Modelicabodel] Robot&nabkticallomain [ MaodelicaRobot ])

smadelicaPorts '
cortrolBus | CortrolBus | emodelicaParts

IIJ pathPlanning : PathPlanning6

modelicaConnection:

stmadelicaParts smodelicaPatts: zmodelicaPart: madelicaPart
. J : i | emodelicaParts L tlange - Flange b axish: Flange_a . #
emodelicaConnection:s srizCortrolBus | AxisCortrolBus i —Tange © G | : 953 ——mechanics : MechanicalStructure
: axish : AxisType2 _l_l smodelicaConnections o
amodelicaPort: - «modelicaPorts zmodelicaFart:

smodelicaConnection: axizCantrolBus | AxizContralBus

smodelicaPart= L flange : Flange_k axizS: Flanoe_a L
axiss : AxisType2 Lr| !__
zmodelicaConnection:

I

amodelicaPort: «modelicaPart: amodelicaParts:

— emodelicaConnections axizControlBus ; AxizControlBus «modelicaPart: ijlange: Flange_b axizd : Flange_a -

axisd: AxisType? |_|| smodelicaonnections L
|

e

_|'_'|_

—lK smodslicaPorts smodelicaPorts smodelicaPorts

modelicaConnection:  gyisCortrolBus @ AxisCortrolBus IJ_ smodelicaParts |_!_|f|ange: Flange_b axis3: Flange & r

L axis3 : AxisTypel __I
| ] emodelicaConnection:
zmofelicaPart:
contralBus : : smadelicaParts smodelicaParts thadelicaFart:
smodelicaConnection: axizControlBus - AxisCortrolBus IJ_ sthodelicaPart: ijlange: Flange_k axis2: Flange_a L
|—|—| anis2 : AxisType1 |—|—| amncelicaConnections —
§
¢
£ smodelicaPort= . emodelicaPorts smodelicaPort:
% amodelicaConnection: axisControIBS © AxisContralBus o Jantelieat oris |J_|flange: Flange_b axist : Flange_a
g ID axis1 : AxisTypel _|_| amadelicaCannection: L|:|
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SysML4Modelica Analytical Model:

, copying or

| ibd [Modelicabodel] Robot&nabkticallomain [ MaodelicaRobot ])

gmodelicaPort:

gmodelicaPort:

axizControlBus ;. AxizControlBus

=

gmodelicaPart:

Llflange : Flange _k

axish : AxisType? |
-

gmodelicaPort:

gmodelicaPort:

axizControlBus @ AxizControlBus

L1

gmodelicaParts |

_|_|flange : Flange_b

gmodelicaConnection:

b3
alStructure

axiss : AxisType? | |
L

gmodelicaPort:
axisControlBus . AxizContralBus

-_I___l_

gmodelicaPort:

gmocdelicaPart:

J_Iflange . Flange _k

gmodelicaConnection:

axisd: AxisType?2 | |

| & E3

axizCortrolBusz - AxisControlBus iJ_.

gmodelicaConnection:

-
emodelicaPart: |J_|flange . Flange_b
|

smadelicaConnection:

amodelicaPaorts
axizControlBus - AxizControlBus ,|_

axiss ﬁange_a ,J_l
1

1 axis2 : AxisTypel

-

T zmodelicaConnection:

. emodelicaPorts
smadelicaParts

«modelicaPort:
axis1 : Flange_a |

: : L flange : Flange_b
{ | axis1: AxisTypel |_|_I smodelicaConnection:

I_l_
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SysML4Modelica Analytical Model.

5
=
€
>
a
9]
5]
c
ibd [ModelicatModel] Robot&nalyticalDomain [ ModelicaRokbot ]J g
2
«modelicaPorts : ’5
controlBus : ControlBus | smodsiicaParts =
e e : :
bS]
modelicaConnection: E
]
2
amodeicaPorts o «modelicaPorts amodeicaPorts L smodelicaPars 'E{w
emodelicaConnection: axisContralBus © AxisCortrolBus emodelicaParts | flange : Flange_b axish : Flange_a ey Wethiie % =]
{ ] axist: AxisType2 I smadeicaConnechions - =™
2§ QL c
S
2o
«modelicaPorts — «modelicaPorts «modelicaPort: ; 2
smodelicaConnection: auisControlBus : AxisCortrolBus | emodelicaPart: J-|1Iangs : Flange_h axis5 | Flange_a £g
| aRis5 | ARisType2 | = = ’—J L.
T emodelicaConnections = %
=l g E‘
«modelicaPorts L — «mocelicaPorts «modelicaforts: 2
o)
smodelicaConnections axizControlBus : AxisCantrolBus ,J: emodelicaParts l|1|anga Flange_b axisd ! Flange_a - [
[ anisa: AxisTypez | | ] 24
P! ] amodeicaConnections L= < —
pathFlanning
«modelicaPorts | emocelicaPaorts smodglicaPorts
Fmodel\cacunnectwon» axisControlBus © AxisControlBus D emodelicaParts | flange : Flange_b axis3 : Flange_a
anied : AxisTypel D F
| «modelicaConnections
emoflelicaPorts
corfrolBus amodeicaPorts «modelicaPorts amodeicaPorts -
L1 axis2: AxisTypel smodelicaConnactions L
smodelicaPorts smodelicaPorts smodelicaPorts . ——taur! [Mm]
: smodelicaParts flange : Flange_b axis1 : Flange_a
smodelicaConnections astcuntro\Bus.AstCorrtroIEus‘ o % 1 ge_t 48 _¢ | -(I H
axis1 : AxisTypel smodelicatonnechions i [Man)
: — teuZ [Man]
liss [Mm]
@ — taurs [Mm]
= i st [Mmi]
ir
i
=
L} L
) I,
o ]
=] =]
g 5
c
5 (%]
©
2
©
<
i) J
©
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I
II,'
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Reference implementation:

Based on OMG QVT

Standard Formal Mapping Between SysML4Modelica To
Modelica

, copy!

, distribution

conforms to

conforms to

SysML+ Modelica

SysML4Modelica metamodel

metamodel

Modelica

SysML <":> L
abstract

Tool
QVT syntax i:

normative)

( OMC

Tool-Specific Modelica
Repository .mo file

QVT = Query / View / Transformation
THALES




Example: Industrial Robots
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nodel Resi stor
ext ends OnePort;
par aneter Real R
equati on
v = R*i;
end Resi stor;

controlBus

axisCortrolBuse

axisCortrolBus3

axisCortrolBus4

axisCortrolBus3

axizControBus2

axizControlBust

pathPlanning

/N

G axes

axish

T

load

3l
={0,0,0}

mechanics

axiss

axizd

axisd

- M oW B oo om

axizh

(0,10}

1

axizn

axis2

axizl

avisd

f*MTr“

controller

a
=,
i
o
o
=
=
=
=
m
o

axisd

axis?

axisCpntrolBus

//

"I

axizl

flange_a

bearingFriction

gear
[ | flange_k

=1
=

1000 non-trivial algebraic equations, 80 states.

0,0
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Faster as real-time on slow PC.
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SysML-Modelica Robot Example:

1, copying or

bdd [Package] RobotTop Level Analysis [ @ Fohot&nalysisContext BDD ]J
eblocks 4 £ | | _
RobotD o —/RobotAna nodelicaRobotDomain zModelicaModel:
ikl = ) RobotAnalyticalDomain
+effectiveness
: | }
sconstraint: =W o ) ;
WeightModel eobjectiveFunction= I
-k |
sconstraints | -pm sconstraints |
PowerModel DhjEﬂmEFUﬂﬂtiD" :L
parameters |
: / trajectoryErrar © m{unt = metre )
-z_::ur:ns'_.tralmx- S power | Wi{unit = watt ] l
ReliabilityModel mass : kg{unit = kilogram |
eost - ush{unit = usDollar |
CONStraints -cm reliability : Real |
CostModel utility | Real |
_ tm _ I
: sconstraint: F — M efines
i TrajectoryErrorModel
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SysML-Modelica Robot Example:

ibd [Block] RobotAnalysisContexd [ Structural Model to Analvtical Model Correspondence U

| rd:RobotDomain I | eMadelicaModels | j
| |' | modelicaRobotDomain : RobotAnalyticalDomain E
rob : Robot '
| | ' |
| | _ _ | «ModelicaPart= |
| axis1 : Actuator I - Actuator2AxisTypel ; axis1 : AxisType1 £3
| | =
y : Actuator2AxisTypel 55
|| [ axis2:Actuator | Liate eModelicaPart |
I - I | axis? : AxisType1 | i
axisd : Actuator ' | : Actuator2AxisTypel - 23
| : | T : 58
- aModelicaPart | 28
| a5 Acuator | ' axis3 : AxisType1 | 5
| axis5 : Actuator ! _ | L
i D Actuator2AxisType2 | eModelicaPart= | gL
| axish : Actuator | I At o lypes | ZE
| I | ik
| arm : Arm | : ActuatorZ AxisType2 | zModelicaPart= | ;5
I : | axis5 : AxisType2 i
pp : PathPlanner | _ | 1
: | | : Actuator2AxisType2 | | eModelicaParts | ~;
g | ch : ControlBus | | axish : AxisType? | gt




SysML-Modelica Robot Example:

bdd [Package] Correspondences [ @Descrip’rive - Analytical Correspondences ]J

zhlock=
RobotModel:Structure:Robot::Actuator:Actuator

actuatorEnd |1
ablocks: Actuator2AxisTypel
Actuator2AxisType1
axisTypelEnd 1

zModelicaModelz
ModelicaStandardLibrarny::Modelica::Mechanics:MultiBody::Examples:System=s:RobotRI::Components:Axis Typel

f THALES. You are hereby notified that any review, dissemination, distribution, copying or

roval. ©THALES 2011. Template trtp version 7.0.8

ibd [Block] Actustor2axisTypel [ @].ﬁ.ctuatnrzﬂ.xiﬂype“l ]J

" actuatorEnd : Actuator [1] ﬁl "axisType1End : AxisType1 [1] |

| | |

. eblocks | | |
¢ : Controller |

zModelicaaluePropety= |
kp : ModelicaReal

| positionGain : Real

|
| SysMLRealZModelicaReal |
|
|

. SysMLRealZModelicaReal zModelica/aluePropertys= |
i ks : ModelicaReal |

| | speedGain : Real

Date /Référence

| s &2Time zModelica'/aluePropertys |

imegTimeConst :
meglimetonst: s T=: Time |




(OMG) Model Transformations in MBSE:

Descriptive to Analytical Transformation
= p.1}

ibd [Elock] Robot [ Rabet 1D ]) ot [Ham]
| eb: ControlBus ’—|:| [|jxis1 : Actuator | : no arm: Arm 200014, taz [Wm)
= =2 F—»—T" | 3
oLt PathCmd | G |_| RotationalEnergyFlow ':l e |I faX (Hm] b
SysML —— | st
yS e qy  Vo00— | Ao o [ om]
J?E - ::rsnz : Actuator. L i 7 —~ = |I.;| %l i o [N mi]
- - o Fathihid RotationalEnergyFlow | E!-' = : k‘"‘.
eSscriptive — g : "
e —
| axis3 : Actuator 7 1::'
s L J =
) ) ‘ out3 [ PathCmd | cmel RotationalEnergyFlow: =
| pp:PathPlanner | g
o EE —& — p— N———— I[
cortrolln ||_in out | PathCmd in [ axis4 : Actuator_| i 4 i E|‘
e s 7 L

=

i BN J T
out Pathmed 1 RotationalEnergyFlowe |

©THALES 2011. Template trtp version 7.0.8

= ["axis5 : Actuator L, | fA
= =5 i 5=
—p»— d .id #
oS S pothem rr‘ i RatationslEnergyFlow |/
. |
axih : Actuator =300 1 - : T 1 T T - T
outs [ | emd oo 04 0B 12 15 20
PathCmd x RatationalEneroyFlov o ]
nowverlF g L [ 4

ibd [ModelicatModel] RobotAnakyticalDomsain [ ModelicaRokot ])

| SysML4Modelica

controlBus : ControlBus ||_ emadelicaParts
\_|J pathPlanning : PathPlanning6

Analytical

smadslicaPorts «modelicaPu IS U U | emodelicaParts

avizContealBs - AvisCotenlB smodelicaParts | flanme - Flance b avish Flanoe &

model Spring "Linear 1D translaticonal spring”™
extends Translaticnal.Interfaces.PartialCompliant;

Correspondence parameter SI.TranslationalSpringCeonstant c(final min=0, start = 1)
Models "spring constant ";

parameter SI.Distance s rel0=0 "unstretched spring length";

8

o i

3 equation

i

2 f =¢c*(s rel — s rell):
s _ _

end Spring;

Descriptive

Analytic:

Models Models e e
amodelicaPorts — «modelicaPorts amodelicaParts
smodelicaConnections sisControlBLs | AxizControlBus emossicatarts flange : Flange_b axis! : Flange_a
{1 axist:axsTyper —|—| «modelicaConnection:




(OMG) Model Transformations in MBSE:

Architecture Exploration

Problem MagicDraw SysML Editor SysML Model exchanged in XM
: Definition 5 _ _ -————
i > : Transformation Engine I GAMS Solver
! SysML ! _—— = —
Generate i . L
| Architecture 1B Topology S Variable Flde_llty
5 o Analysis Model Selection |-
. | “Algebraic SysML lSysML A h
i | Models . GAMS
i Generate | ;I_____________I\
Algebraic Design [*7] || Mixed-Integ Algebraic
i Problem ‘| ¥l Nonlin Solver Analysis !
i Dynamlc SySML \LSySML E i _— _— _— _— _— _— _— _— _— _— _— _— gé
Models Design Explorer Monte Carlo + Kriging Modelica >é
! Generate A T _ _
! Dynamic Design — | Optimization Uncertainty Dynamic
i Problem L Solver Quantification Analysis |
Problem Formulation Problem Solution
GAMS: General Algebraic Modeling System
http://wwww.gams.com T H A L E 5



SysML4Modelica

¢ Leverage the strengths of both SysML and Modelica by Integrating
them to create a more expressive and formal MBSE la  nguage.

Descriptive Modeling in SysML

+

Formal Equation-Based Modeling for
Analyses and Trade Studies in Modelica

http://www.omg.org/spec/SyM/
THALES




Summary SysML 4 Modelica

Approach adopted by:

, copying or

¢ ATEGO (product Artisan)

o Parasolver (Sysml/Modelica)

on 7.0.8

+ No Magic (Magicdraw plug-ins: Cameo simulation)

are hereby notified that any review, dissemination, distribution

o Prototype already available

approval. ©THALES 2011. Template trtp versi

erty of THALES. You

ModelicaML (UML profile for Modelica) - EADS IW (Uk)

o Extension UML Behavior for modelica (state-machine and activity diagrams)
o Will extend SysML4Modelica

and any attachments are the prop

of this document is strictly prohibited without Thales prior written

contained in this document

Date /Référence

The information
otherwise use

THALES




ion

lat

=)
£
%
O
O

8'0°2 uoisian diy ayeidwa ] “TT0Z SITVHLG ‘feaosdde uanum soud safey L Inoyim payqiyod AROLIS S1IUBWNIOP SIY) JO SN SSIMIBYI0
10 BuiAdod ‘uonnguISIp ‘uoieuILBSSIP ‘MaIAal Aue Jey) payiou Agalay a1e NoA *SITvH.L Jo Aladoid ay) a1e sjuawyoee Aue pue JUSWNIOP SIY} Ul PAUIEIUOD UONBULIOJUI YL

Another appraoch
Co-simulation

SysML & Matlab/Simulink

20UaI9)9Y/ B1ed
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Simulink

Simulink is the graphical notation of
Matlab language
Simulink uses Block Diagram

+ Block diagram describes the flow of signal
between blocks, which process the signal

- D 1 -
s
Inf Out!

" (ain I

ntegrator

+ This example calculates:

{
fOutl(t) - JO 2f|n1(T)dT THALES




SIMULINK Details

J_'L| Library: simulink T rﬂ Library: simulink/Nonlinear
File  Edit

Format oo File Edit =

Forrrat

n
. ] .
i\fr’i E&i \_rrl"—.‘ V T~ [u] sin & floar iy
i ‘l:lﬁ A ‘T“E‘T\ Ahs Trigonometric  Math Founding  Minbax

I I Functiaon Furiction Function

elelusia e sy e

Sources Sinks Discrete Lirear Monlinear Cannections
Blocksets & Simulink Block Library 2.2 I X [i41] AND e - —
Toolhoxes Copyright £z 1990 -1395 by The Mathitarks, Inc. Product Conpraioyiy  Logiod Fertion S

Logic Operator  Operator

! A=

pr - - Coulormby &
rﬂ Library: simulink/Sources rﬂ simulink/Discrete ril simulink/Linear Fiate Limiter Saturation Quantizer Wiscous Friction

Formmat File Edit & ﬁ 7 / _Jr_ L/f f-

suen i s o

Format Backlash Dead Zone Look-Up Look-Lp

Table Table (2-D

oooo 1 T

LT 2_ : >> + ! }% il /! l% .l

Constant Siggnal Step Unit Delay Dizcrete—Time Gaif * D
Generator Integrator Sum

File Edit

i

Farrmat File  Edit

S —

otherwise use of this document is strictly prohibited without Thales prior written approval. ©THALES 2011. Template trtp version 7.0.8

hernary Tranagpart ‘ariakle Hit i
/ &U /m J_Ll_ ~ Delay  Tramsport Delay Crossing E
Ramp Sine Wave  Repeating 1— 1— 5
Jequence Zero-Order First-Order 5+1 fiu) M-é'-TLgé'-B system [
Holdd Hold Integrator Transfer Fon Function E
J_I-H- 3l %ﬂvr. Fen MATLAE Fon S —Function
Discrete Pulse Fulse Chirp Signal yinE Cxin - Duln)
Generator  Generator sin 1 et B %= Aot B (3-13 :\\_ >—Q\\n_ —
Discrete State—Space ¥ = CrtrDu s(z+1)y o —_—
C|_> 12:34 P 5_.'1 " L
- - WITC i
eeetl Digital Ciock ” 1 State-Space Zero—-Faole Marual Switch —
Multiport
1422”1 705 dufdt . [ Salve S
. witch
untitlect miat .U Dizcrete Filter Discrete — fiz) fizy=0 :
Derivative - -
From File From Transter Fen Dot Froduct Fielay Aloehiraic Constraint
‘Horkspace tz-11
e K 1 ' |
N-J A"N ]J.hd],r 2(z-0.5)
Discrete hatrix Slicler

Fandom  Uniform Fandom  Band-Limited Zero—-Fole Gain Gain
Mumber Mumber ‘White Moise A I




ion

IBM solut

c
Q
e
O

=
E
5

O
O

8'0°/ uoisian diy arejdwa] "TT0Z STTVHLG ‘[eroidde usnum soud sajey | Inoyym payigiyosd ARoLIs S1uawNIop Siy} Jo asn asimiayio
10 BuiAdod ‘uonnguisip ‘uoeUIBSSIP ‘MaIASI Aue Tey) palyiou Agaiay are NoA ‘SITVH.L Jo Auadoud ay) aie syuawiyoene Aue pue Juawndop SIY) Ul Paurejuod UoRewIoul ay L

Simulator Simulink

3rd party
(time
synchronisation)
|

Co-Simulation

Simulator SysML

SysML / Simulink

RSA - Cosimate - Simulink
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Approach adopted (IBM)

Use SysML for a system architecture description

Use specific languages for each domain

¢ Simulink for continuous-time behavior in a control s ystem

Time duration assignment to SysML action
(MARTE)

Verify specification by collaborative simulation

¢ Run multiple simulation in parallel with time synch ronization

+ Independent time management module

Date /Référence
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Extended Modeling for Simulation in SysML

(IBM)

Time assignment to

Continuous data

Specifying Simulink

action exchange between model as a block
blocks behavior
G5} Activityl U TosiContot . g%
s ks @hlock, gxternal Model® %%
humidityn : Data b Room g2
&9 Actionl &9 Action2 humidity_nut Diata % H Ei
- Connector? [Cg erv_humidity : Real = 0.35 éz
i — €GaStand wapor ot : Data I_F'Eair_um:harlg:_ratu : Real = 002 g%
(=) Cuu-IDEll:rwrl wapor jn : Dta - [Eg room_volume : Real = 450 Eé
ol Entry — Connector] %%
MARTE <<GaStep>> | SysML flow ports with | <<externalModel>>
stereotype, or sleep() |connectors in internal | stereotype to specify
method in action code | block diagram model file

rmation cont;
rwise use

The infol
othe
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Time Management (IBM)

Data is exchanged and the next Simulink step is
executed at:

, copying or

¢ End of timed SysML behavioral step ( <<GaStep>> or sleep() )

+ Periodic data exchange event

SysML actions —

on 7.0.8

hre hereby notified that any review, dissemination, distribution,

2011. Template trtp versi

1 l l l In
' ' ' ' ' SysML SysML SysML MATLAB / Simulink
object object . object -
Periodic data exchange events "~ Pemandsoftime  Simulation start/ stgf"
y4
I v I v I v I v g Add periodic data exchange events into MATLAB / Simulink command

A\ 4

the list consists of the discrete events execution

Periodic data exchange events

Y v v } v v Y v v Y v v! Timedemand:toscheduler

Time

COSIMATE BUS

\4 2

| | | In
™

Timed scheduler

100 200 300 400 UML execution engine “

edin cul
s ooeoe s strictly prohibited without Thales prior written
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Co-simulation with Simulink (IBM)

All the Simulink models are referred from a
single temporary Simulink model

¢ Only one Simulink process is used

Simulation data is sent or received through
Input/Output S-Functions

Temporary generated Simulink model

Data from SysML Data to SysML ;

Simulink models which are assigned to
SysML behaviors

THALES
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Conclusions

, copying or

2 different solutions:

¢ Fully based on SysML (OMG)

o Require to model everything inside the SysML Tool

on 7.0.8

are hereby notified that any review, dissemination, distribution,

¢ Co-design: (promoted by tool vendors)

approval. ©THALES 2011. Template trtp versi
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o SysML tool use to model the design of the system

o Modelica tool use to model the analytical model and provide simulation

and any attachments are the prop
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Modelica Tools

Commercial Modelica Simulation Environments (alphabetical list)

¢ CATIA Systems from Dassault Systemes
(based on Dymola kernel with PLM integration)

, copying or

¢ Dymola from Dynasim AB, Sweden
(Dynasim was acquired by Dassault Systemes in 2006).

LMS Imagine.Lab AMESIim from LMS International

on 7.0.8

MapleSim from MapleSoft, Canada.
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MathModelica from Wolfram Research, Sweden.

* & o o

SimulationX from ITI GmbH, Dresden, Germany.
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Free Modelica Simulation Environments (alphabetical list)

and any attachments are the prop
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¢ JModelica.org from Lund University and Modelon AB, Sweden
(under development; subset of Modelica is available)

contained in this document

¢ OpenModelica from Link6ping University, Sweden
(under development; subset of Modelica is available)
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An up-to-date list of Modelica tools is available from: www.modelica.org/tools

THALES




8'0°2 uoisian diy ayeidwa ] “TT0Z SITVHLG ‘feaosdde uanum soud safey L Inoyim payqiyod AROLIS S1IUBWNIOP SIY) JO SN SSIMIBYI0
10 BuiAdod ‘uonnguISIp ‘uoieuILBSSIP ‘MaIAal Aue Jey) payiou Agalay a1e NoA *SITvH.L Jo Aladoid ay) a1e sjuawyoee Aue pue JUSWNIOP SIY} Ul PAUIEIUOD UONBULIOJUI YL

Questions

20UaI9)9Y/ B1ed

THALES



