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SysML-Modelica Transformation CP@Q (P he o B2 w35 TH
Specification: Context & Objective “‘*'/\/U\)\/-\O uml.org.cn

» 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
language.

— Define a formal Transformation Specification:
* a SysML4Modelica profile
* a Modelica abstract syntax metamodel
* a mapping between Modelica and the profile
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» What is SysML?
» What is Modelica?

» Motivating Example: Design & Analysis of Robot

» SysML-Modelica Transformation Specification
» Transformations in Systems Modeling

» Model reuse and composition

» Summary
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» The Systems Modeling Language (OMG SysML™)
IS a visual, general purpose modeling language

» |Is a modeling language that provides
— Semantics = meaning
— Notation = representation of meaning

» |Is not a methodology or a tool
— SysML is methodology and tool independent

» Developed by the Object Management Group to support
Model-Based Systems Engineering
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» SysML is a language to express the information and
knowledge generated and processed during
the application of a systems development methodology

¢ Specification + Hardware
¢ Analysis ¢ Software

¢ Design + Data

+ Verification ¢ Personnel
+ Validation ¢ Procedures

¢ Facilities




I

SysML Diagram Taxonomy HQQ Q N A R oBETE

))\ uml.org.cn

SysML Diagram

- .. l..... |

l )
Behavior : Requirement : Structure
Diagram : Diagram : Diagram
4 lteccscccacaaa d 4
Activity Sequence State Machine Use Case Block Definition Internal Block .
. R - . . . Package Diagram
Diagram Diagram Diagram Diagram Diagram Diagram
peee i
|| sameasUML2 ' b o
. arametric
: Diagram s
[ Modified from UML 2 L J

sooceqg

te—o_4 New diagram type

Think of SysML as an integrated collection of languages...

Reprinted with permission. Copyright © 2006-2008 by Object Management Group.
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» Specification: http://www.omg.org/spec/SysML/
— v1.0: 2007-09
— v1.1: 2008-11
— v1.2: 2010-06
— v2.X: RFI preparation workshop - 2008-12

» Strong vendor support

— MagicDraw (No Magic), Artisan Studio (Atego),
Enterprise Architect (Sparx Systems), Rhapsody
(IBM),...

» Good learning infrastructure

— Books, short courses, academic courses,
INCOSE/OMG tutorial, public examples, etc.

» OMG Certified Systems Modeling Professional
— http://www.omg.org/ocsmp/




What is SysML?

N SR eEETE
(www.omgsysml.org) Q

uml.org.cn

Rdl
AR

2. Behavior

1 . Stru Ctu re sd ABS_ActivationSequence [Sequence Diagramy
bdd [Package] Structure[ ABS Structure Hierarchy U im TireTraction [State Di . .
stm TireTraction [State |agramy Interactlon
==hlock== ==hlock== ==hlock== ) ——— =
Library:: Anti-Lock Library:: act Preventl.ockup [Activity Diagram] ) state
Electronic Contr|[ : - .
Processor ibd [Elock] Anti-Lock Controller [ Basic U machlne
D\ o — d1 : Traction o
; DESEELOE q activity/
==hlack== .
Traction c2: :Modulate function
Detector BrakingForce
m1 : Brake ractlozs
—*| Modulator T TRe hme S T
definition use
par [Elock] Straight Line “ehicle Dynamics [ Parameters ]J
J oM 1% bi M m: K

req [Package] YYehicle Specificationz [ Braking Reguirements ])

Vehicle System Speciﬁcatiunl

Braking Subsystem Specification

Text="The vehicle shall
stop from 60 miles per hour
within 150 ft an a clean dry
slUiface”

==requirement== ==requirement==
Stopping Distance Anmti-Lock Performance
ld="102" ld="33"

Teut="The hraking systerm shall
presrent wheel lockup under all
hraking conditions. '

==deriveRegt==

[ |_| |_| |_| f:

e1: Braking Furce
Equation

{F=rti+h I A0}

no L

e : Acceleration
Equation

a:mizegry i=mta}

=

mizec"2

ed: Distance Equation

}{

(=it} €3 : Velocity Equation
W misec v I misec fa=chvidt}
t: seu: t- sec

L]

3. Requirements

101 02SvsMI Tutarial (Tune 2008) Renrinted with nermission Convrianht © 2006-2008 hv Ohiect Mananement Grotin

4. Parametrics




What is SysML?
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1. Structure

ibd [bioct] Anti-LockControlisr
lIrErr sl Block Diagram]

Tv

di :/m.‘tiun Detector
all g ated F r'i’:"
i f_—_—'-_: Deteciioss
rd I 4
J,.-f mi:BrakeM odulator

ai:OetectLoss OF H
Trction

objFlow

aZ:Modulate
BrakingForce
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par [Elock] Straight Line Vehicle Dynamics [ Yalue Bindingz broogrn ]J

v.mass : Kg

wv.b.r.braking force : N

|I::|f N

I_II_II_I N

e1: Braking Furce
Equation

{F=rt+hy(1 4}

|_I

e2 : Acceleration

Equation

a . mizec”2 {t=m*a}

a: mizec”2

ed: Distance Equation

rslloostedF
:5:?!::3' a;r“:i_.a.-- <
Sraing Foroe
value
= \ v.b.abs.m1.duty cycle : %
= binding ~~N\
: v.c.Liwiction : N
satisfy
req joackags] VehicieSpefiieatons | tf: M
Requirements Disgram - Rraking RezuirsmentE
Vehicle System Braking Subsystem
Specification 5 pecification
\
arequirements aTequirements
StoppingDistance Anti-Lock Perfermance
VerifiedBy M ez ticfizdBy
sinteractions MinimumStepp ablocks&nti-LogkControtisr x L m
ingDizEnce T
I
B !
|
| : w.position : m
I aderi -“\5: ts : L
7 rif

L]

Tw=clx it
¥ misec W mfsec
t: sec t: seu:

el : Velocity Equation

Ta=dhvidt}

J

[:lk time: sec

3. Requirements

(via interaction)

101 02SvsMI Tutarial (Tune 2008) Renrinted with nermission Convrianht © 2006-2008 hv Ohiect Mananement Grotin

4. Parametrics
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» State-of-the-art Modeling Language
for System Dynamics
— Differential Algebraic Equations (DAE)
— Discrete Events

» Formal, object-oriented language

» Standardized by the Modelica Association
— Open language specification — tool independent

» Multi-domain modeling

» Ports represent energy flow (undirected) or
signal flow (directed)

» Acausal, equation-based, declarative (f-m*a=0)

10
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» Modelica association — 20+ free libs (www.modelica.org)

» 6 commercial solvers, 3 open-source solvers
(Dymola, MapleSim, SimulationX, OpenModelica,...)

» EUROSYSLIB project — 20+ libs under development
(http://www.itea2.org/public/project_leaflets’fEUROSYSLIB profile _oct-07.pdf)

Modelica vehicle system model

11




A Robot Example in Modelica

gain2

k=ratio

axisControBuse

axisControlBuss

pathPlanning
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-..___)

6
5
axish
tocdback jm Pl § axisConirolfusé = 4
2
1+ £ d
kel axis3
-1 . axisControBusd 2
T=Ts
1
axisControlBus axis2
axisControlBus2 =
.
L)
e S \
AN
S st
\ axisControlBus |
N,
N
N\,
A
N\,
N
[}
=,
u flange
2 g
2 O
3
=
=
o
m
C
[
a5
V2 -
’, angle,_ref initializeFlange
7 Pl phistart
/’ 3
peed_ref
"4 | = Plot[1%] =101
,/ const
V4 a_start
4 taut [M.m]
// _ 2000 tauz [h.m]
7 = ] tau3 [M.m]
(b)) taud [M.m]
Jrrmmrl flange_motor 3 1000 taus [M.m]
——taub [M.m]
T O |
] S
O
o
. S
z ([@RLE
@)
E -2000
convertz axisControlBus 3000 T T T T T T T T T
<J‘ 00 0.4 0s 1.2 16 20
ek .

axist

axiss

axisd

axisd

{%1,0} r={000} r={0,00}

n=

axis2

axis1.—,—::_l—i
y

r={001...




Modelica Semantics and Textual Syntax
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model Spring "Linear 1D translational s?ring"
extends Translational.Interfaces.PartialCompliant;
parameter SI.TranslaticnalSpringConstant c¢(final min=0, start = 1)

"spring constant ";
parameter SI.Distance s_rel0=0 "unstretched spring length";

equation
f = c*(s rel - s rell);
end Spring;

massi springl \. = Graphical symbols
"I:I_DT"\/\/\‘DTD‘§ @ definedas
m=1 .~  annotations in
- ;S T textual models

» Connections represent Kirchhoff semantics
— Across variables (voltage, pressure,...) are equal
— Through variables (current, flow rate,...) add to zero

13
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» What is SysML?
» What is Modelica?

C> Motivating Example: Design & Analysis of Robot

» SysML-Modelica Transformation Specification
» Transformations in Systems Modeling

» Timeline towards Specification Adoption

» Summary
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A Robot Example in Modelica
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SysML-Modelica Robot Example:

UseCases & Requirements

req [Package] Requirements [ Fobot Eequirements U

zrequirement:
Robot System

P

srequirement:

srequirement: zregquirement:
Cost Performance Reliability
35

uc [Package] Behavior [ Main Robot Use Cases ])

shlocks

sreguirement::

Robot

Energy Consumption

__ e

Maintenance Programmer —-_

. e Emergency
Shutdown
ée::g:t'gnd_:s:-

- —

e (Wiorkspace Safety Violation )

o =

srequirement:
Weight

| srequirement:
iTracking Accuracy

Operator
p r:{ -\-\_\_""‘-\—u._\_\_\_\_\__\_\_\___\-\_ —
| \ 7 Execute Robot Task
I \'\ I:l extension points
.II b C b Workspace Safety Wiolation

e
‘\7,{_;" "'\-\.\_\
! Program
Trajectory

|
H'\-\.\, )
e

16
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bdd [Fackage] Structure [ RobotDomain EDD ])
ghlocks
RobotDomain
¥
-gir -rob load
zhlocks ghlocks zhlocks
Oriver Robot Load
-ps -pf
ibd [Elock] RobotDomain [ RobotComain [ED LJ zhlocks zhlocks
PowerSource Platform

' b : Robot
ariower g ’ é . o] ECETTR
I 1
; Cartralcmd ‘ contralin |:| . I;..
el | |f
ps : PowerSource ¢ > E ‘ MechEnergyFlow "‘il
i 1 piowver|F =
It ElecEnergyFlow [ g mountlF
MechEnergyFlow
if
pf : Platform
17




SysML-Modelica Robot Example:

Robot BDD & IBD
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bdd [Package] Robot [ Raobot BEDD ],J

|

| ! pp : PathPlanner
. - =
contraln |_in out | PathCmd Tin

ControlBus | |_:|a:u:is1:nc’tua‘tur_| ; it
e A s | >

ot

PathCrd T i

cd

o2 PathCmid |_

cnd

out3 |_

PathCmil

PathCmid

auts |_ » _Iﬂ cd

J_E;E'_Eé{.ﬂtm , .
outs EF————F] ene e
T PathCmd ) RatationalEnergyFlow |

B |__' _axis2 : Actuator

| axis3 : Actuator L i o i

—
[ axiss : .Ac‘tuatur_| i >

ot ZCOMmment:
Robot axis 2-6 naot shown
s
s
f
zhlock: zhlocks ‘Kbh:":k?@' «:acleCk:s:
PathPlanner ControlBus Actuator
ibd [Elock] Rokat [ Robat IBD ])
ch: arm : Arm

I;l_

] Rl:ltatlanalEnerg\,-'FIDW =

j2

= | ! e
Ll
Rl:ltatianalEnerg\,-'FIDW

fes

L]

] 3 g E
RotationalEnergyFlow

B e

| RatationalEner gy Flows ]

H
poverlF —- }
ElecEnergyFlow
powerlF mountiF “r‘?EChEneerDW

L loadIF

J:—T ’J_axls: Ac‘luatur i » i = E ] hE. . 4
] » A ]
out PathCmd . Ru:itationalEnergyFIu:uw SRRSO

loadiF

L]

LT

]

18
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bdd [Package] &rm[ Arm BDD LJ

ghlocks:
- Arm -
zhlocks: ghlock: zhlock: shlock: zhlock: shlock: shlock: shlock:
Base UpperArm EndEffector LowerArm WristJoint3DOF Elbowe Joint Shoulder Joint BaseJoint

5

T zhlocks
Link Joint1 Ams_
LY
zhlocks
Joint




SysML-Modelica Robot Example:
Analysis and Trade Study

90009
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par [Block] RobotAnalysisContext [ Overall Effectiveness U

wim : Weight-l'l.l'ludel

tm: Trajecturyfrrurl'l.lludel

maxPositionError © m

. mazz: k
'_tntalr-.dass Tkg d
—
pm : PowerModel
|_'averageF'nwer iy powwer Wy
rm : ReliabilityModel _
|—T'E!|IE||::II|IT‘:.-' : Real relizbility : Real
)
cm : CostModel ot 5 ” 3
cost us cost: us
=

trajectoryError : m

7

Refined by
madelicaRobot

wobjectiveFunction:
obj : ObjectiveFunction

Litility : Real

-

effectiveness : Real —

Analysis models depend on descriptive models

20




SysML4Modelica Analytical Model:
Compose Model from Standard Library

W i

s

B Co.. | Inhe., &8 Dia..|<> Mo.. | &b Se.. | B ar. |B Str.

_onkainmment

=)

CH
O

ETETS

#8 Y-

LT

nox

Elﬁ Data

E}E ModelicastandardLibrary [modelicastandardlibr
- Relations
B Modelica «ModelicaPackage
[/ Blocks «ModelicaP gfne:

[/ Constants « icaPackage:
= @ Electrical «MfodelicaPackages
&nalog =ModelicaPackage:s:
Digital «ModelicaPackage:
Machines «ModelicaPackage:s:
Multiphase «ModelicaPackage:
th «ModelicaPackage:
chanics «ModelicaPackages:
MultiBody «ModelicaPackage:
Rotational «ModelicaPackages
Translational «ModelicaPackage:
@ Components eModelicaPackages
' ModelCrerview

; MassExample
@ Mass «ModelicaModels
B[/ Spring «ModelicaModel:
B-{M] Fixed «ModelicaModels
] Examples «ModelicaPackages
B[] Interfaces «MadelicaPackages
~{M] Sensors =ModelicaPackage:
El Sources «ModelicaPackages
B[] SIunits «ModelicaPackages
M3l Package Struckure

|3II3||3II3

= =
T

EHEIIEIIEI

L

| »

m

Drag and drop into
IBD «ModelicaModel»

¢OQ@
Lk
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iivd [Modslicatfodel] Robot &nalyticalDomain| Mo

cantrolBus : ControBus |

orts

oot |

«modelicaP;
pathPlanning : PathPlanning6

:modelicaConnections

<modelicaConnection:

axisContralGus

amocelicaPorts amadelicaPorts

AxisControlBus «modelicaPart: flange : Flange_b

«modelicaPort:
adish : Flangs = |

amodelicaParts

ucture

«modelicaConnection::

—

JiL

axisContralBus

{:‘ axish : AxisType2 |TI smodelicatonnection:
_— ]

amocelicaPorts amocelicaPorts

AsisControlBus «modelicaPart: | flange - Flange_b

«modelicaConnections

axizControlBus

ek

wmodelicaPorts
axisS : Flange_a L
[]

{1 auiss: amisType2 [ |
_— 1

amocelicaConnections

amodelicaPorts
flange Flange_k

amodelicaPort:

sxisCantrolBus smodelicaParts
axisd: A:usTypeZ

ammodelicaPorts
axisd : Flange_a |
£]

modelicaConnections

axizControlBus

«modelicaConnection:

amodelicaPort:
AxisControBus

amocelicaPorts

amopelicaPorts|
cortralBus

A

amodelicaConnections

axisControlBus

amodelicaPorts
axis3: Flanoe_a r

1o ;

«mudehcaFﬁ_lﬂange Flanige_b
L | awis3: AmisType1 |
L]

xmndellcsPnrt» amocelicaPorts

smodelicaConnection:

ammodelicaPorts
axis2 : Flange_a L
L

«modelicaConnection:

axizControlBus

amsz AxisType1 " ~ emdeieaCannections

amocelicaPorts

«modelicaPaorts
axizd : Flange_a M

axis1 ; AxisTyped emodeficaConnection:

amadelicaPorts
AxisControlBus D smodelicaPart: flange Flange_k

21
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Detailed IBD
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ibd [Modelicabodel] Robot&nabkticallomain [ MaodelicaRobot U

smadelicaPorts

cartrolBus | CortrolBus IL

amodelicaPart=
pathPlanning : PathPlanning6

modelicaConnection:

smodelicaConnections

stmadelicaParts

axiziCantrolBus | AxizControlBus ,_l_

zmodelicaConnection:

T

wmodelicaPart:
axish : AxisType?

—«modelicaPorts
,ﬁflange . Flange_b

zmodelicaPart:
axizh: Flanoe_a

amodelicaPort:

- «modelicaPorts

axizCantrolBus | AxizContralBus ,J_

sthodelicaCannection:

L

smodelicaPart=
axiss : AxisType2

—L flange : Flange_b

zthodelicaConnection:

zmodelicaFart:
axiza: Flange_a -

zmodelicaConnection:

smadelicaPart

. «modelicaPorts

gxizCortrolBus - AxizControlBus

]

FmodelicaCDnnectiu:un»

«modelicaPart:
axisd: AxisType?

L flange : Flange_b

amodelicaParts:
aied  Flanoe_a L

stnadelicaConnection:

stmadelicaParts

- amodelicaPorts

axizControlBus

«mlstEelicaPor‘[»
co

alBus ; :
zmodelicaConnection:

fxizContralBus L
|
il

smadelicaPart:
axis3 : AxisTvpel

| .
— flange : Flange_b
]

«modelicaPort:
axizd: Flange_a

smadelicaParts

axizControlBuz ; AxizControlBus |

smadelicaConnection:

-

amodelicaPart:
axis? : AxisTypel

~amodelicaPorts

smodelicaConnection:

«modelicaPort:
axiz2: Flange_a -

|J_|flange : Flange_b

amodelicaPaorts

axizControlBus - AxizControlBus |

(]
il

«madelic;:;art»
axis1 : AxisTypel

. emodelicaPorts
L flange : Flange_b

zmodelicaConnection: S

thadelicaFart:

axiz1 : Flange_a I__l

_|_| smodelicaConnection: Ll_

smodelicaPart:
mechanics : MechanicalStructure

22
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SysML4Modelica Analytical Model: h the BB @ B T
Detailed IBD f“*’i}cﬁcﬁi}i}@

| ibd [Modelicabodel] Robot&nabkticallomain [ MaodelicaRobot U

gmodelicaPorts : —amodelicaPorts
axizControlBus | &xizControlBus ,_l_ aa_:mndellc_aF'ar’m = flange : Flange_b
L | axish: AxisType2 I_|_| smodelicaConnection:
. . l:IS‘trut':tune
gmodelicaPorts L —— gmodelicaPorts
axizControlBus © AxizControlBus smodelicaPart: L flange : Flange_k

|_|_| axis5 : AxisType? |_!
: smodelicaConnection:

gmodelicaPorte _ zmodelicaPorts

sxizControlBus | AxisControlBus | zmodelicaPart: l--i_lflange: Flange_k

L adis4: AxisType2 | | emodelicaConnection:

[ #* axisCortrolBus © AxisCortrolBus L emodelicaPart: L flange : Flange_b axis2 Flange_a L
IT. anis2 : AxisType1 |—!—| amncelicaConnections ~|i|

smodelicaPort= . emodelicaPorts smodelicaPort:

amindelicaConnection: aisCortrolBus | AxizCortrolBus ||_. emadelicaParts |J_|flange: Flange_b axis1 | Flange_a | |
] |
3 T

T_| axig1 : AxisTypel smodelicaConnection: '—l—

23



SysML4Modelica Analytical Model:
Relation to Modelica Native Model =
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@
1@
ah .

ibd [ModelicatModel] Robot&nalyticalDomain [ ModelicaRokbot ]J
«modelicaPorts .
controlBus : ControlBus | smodsiicaParts
"l :
modelicaConnection:
amodeicaPorts «modelicaPorts amodeicaPorts L smodelicaPars
smodelicaConnection: axisControlBus © AxisControlBus D emadelicaParts | flange : Flange_b axish : Flange_a T Tt
axish : AxisType2 I smodelicaconnections !
«modelicaPorts — «modelicaPorts «modelicaPort:
smodelicaConnection: auisControlBus : AxisCortrolBus | emodelicaPart: J-|1Iangs : Flange_h axis5 | Flange_a r
1 | aniss : AxisType2 | _ . _|
T emodelicaConnections
«modelicaPorts — «modelicaPorts «modelicaforts:
smodelicaConnections sxsContralBus : AxisControlBus ‘J: fmﬂde“ﬁ_ﬁpa"‘x lﬂlanga Flange_b axis4 : Flange_a
L axisd: AnisType2 ||_' amodeicaConnections \_J
: pathPlanning
«modelicaPorts . amodelicaParts emodelicaPorts
Fmodel\cacunnectwon» axisControlBus : AxisCortrolBus -1, emodelicaParts | flange : Flange_b axis3: Flange_a
anied : AxisTypel |—| ‘
| «modelicaConnections
emoflelicaPorts
corfrolBus amodeicaPorts «modelicaPorts amodeicaPorts
emodslicaConnections  ayistortralBus - AxisCantrolBus smodelicaParts flangs - Flange_b axis?: Flange_a 0
L1 axis2: AxisTypel smodelicaConnactions L
[ S ) |
anish
smodelicaPorts o «modelicaPort: «tmodslicaPort: WolEuss
«modelicaConnections axisControlBus : AxisControlBus ‘A; ‘_"“fd:‘“:_a?"” i ,__Lyllanga : Flange_b axis1 : Flange_a .
aviz! : AxieType smodelcatonnections. m e C h a n Ics
T -1
anish
adsControBuss

axsCankrolBusd

anisd

(o T I - S 3 3 B =

controlBus

axEControus

asialantrofBusd

SasContralbust
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ibd [Block] RobatAnalysisContesxt [ Structural Model to Analvtical Maodel Correspondence U
uml.org.cn

| rd : RobotDomain | | smodelicahiodets I
[ [ modelicaRobotDomain : RobotAnahticallomain
rob : Robot | I
| | gallocates | gmodelicaPart: |
[ ; -7 |_ — T 7| axis1 : AnisTypet
| | axis1 : Actuator |_ L _ _ _ _ ] |
— ' delicaPart |
S —— «allocstes FMOGEICaEarts
| | axig? : Actuator |— [T T e e T R = axis? : AxisTypel |
| e sallocates
is3: B 1 I 5.+ L L
I | axie3 : Actuator | = smodelicaParts l
Wnnumﬁ | I axis} : AxisTypel |
| i 8 7 A — |
e |
| | axis: Actuator | L «alkfat? _ . _ _ L _ _ . «modeicaParts I
I | ——————] | | I axisd : AxisType2
| axis6 : Actuator |— L |
I — | | «e!alluu:ate» | emadelicaParts I
| | arm : Arm |_ T AR = axiss : AxisType2? I
Lr—— |
| SR | | | [ -
! ||:||:| PathPlanner I— = st I -eialll:ucate» ‘f:mcudellc_aPart» |
|—|_ | L R — — — — — — - axish: AXisType2 |
[ cb : ControlBus — —
et airrn el I () I [ |
| || esllocstes . :,J amielicaParts
| I l | I Bt B - | mechanics : MechanicalStructure |
| ' |
. |
l | pf : Platform i I | callocates I amocelicaParts: |
| ‘ ‘ | | - - - - - - = = _| — pathPlanning : PathPlanning6 |
dr : Driver
|
i I ! gallocates controlBus . ControlGus T |
! load : Load | L - - - - - - - — —;):| zmodelicat'alueProperty s |
| I gmodelicaPorts mload : Mass |
| | mass: kg=15% | 40— - - — __ % aIIE:atE» _____ _ smodelica®alueProparty s
| I maodification = "min=0" |
| | relPos : PosVect | P s mome = | variahility = parameter I
e | |«allu:ucate» i
| smodelica’alueProperty: |
I I rLoad I
| | wmodelicatilue Propertys

- — - - — = "= arraySize ="3" [
|| declarationEquation="{0.1,0.25.0.1}" |
| | variahility = parameter |




SysML-Modelica Robot Example:

@a() - W R eTETE
Modelica model with simulation results ‘

© umlorg.cn

controlBus

mechanics

i srot] =

| —— tar] [Him]
w0 [y i i ——— [N
lf ——— o [Man]
| {is [Mm)

1':'313-_! i — tous [Mm]
i i s [ mi]

- N W bk ot ®

maotar targus

4 i
aia T 1 1‘*11_%‘
' {
-2000+ I|II
-3000

T T T T T T T T T
on 04 DE 1.2 15 2.0
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SysML-Modelica Robot Example: QQ r){_ﬁ%-@ﬂ
Analysis and Trade Study o 7,555 U0 urml.org.cn

par [Block] RobotAnalysisContext [ Overall Effectiveness U

e Weight-l'l.l'ludel wobjectiveFunction:

'_ma".ﬂass kg mazs kg obj : ObjectiveFunction
e
pm : PowerModel
|_'averageF'nwer iy powwer Wy _l
TS it Litility : Real
rm : ReliabilityMode =
|—T'E|ia|::li|i't':,": Real reliability : Real _| E effectiveness : Real —
|
cm : CostModel - 5 ” 5
ot Dus cost: us
[] 2
tm: T;-ajé}:turyfrrurhﬂudel
|_ maxPostionError @ m trajectoryError : m —

7

Refined by
madelicaRobot

Analysis results are incorporated in Trade Study

27
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Presentation Overview J,_}Q QQQ@
ARL AN

N R eTETH

uml.org.cn

» What is SysML?
» What is Modelica?

» Motivating Example: Design & Analysis of Robot

> SysML-Modelica Transformation Specification
» Transformations in Systems Modeling
» Timeline towards Specification Adoption
» Summary

28



SysML-Modelica Transformation
Specification

99900 Kxn-us

J)\/L\)\A/\@ uml.org.cn

pkqg Sy=hL Modelica Transformation Approach [Application] )
1 [ 1
zprofiles: zimetamodel s
SyS M L_ Sy=hML_dModelica Modelica
Modelica S T
Transformation 5 o |
fO”OWS the -:a:ap; Y = - «s:u:::unfclr:msTcu:&
principles | Sy Modelica §
of Model- | T |
Driven | | | ]
Architecture iﬁ%ﬁ sinatanceOf S_M,f,;;tgg?%h Ny
naltica . i ion
(MDA) — i
o #Moce s F,#’J#F
- Sy=M_-Modelica -
TransformationR ecord
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SysML4Modelica Profile HCPQ ‘:P N R eSETH
ASA

pkqg [Package] Clazzes [ Modelica Class Stereatypes ],J

smetaclasss smetaclasss
Classifier FunctionBehavior
- izPartial is derived from isAbstract T *
- izFinal iz derived from isLeaf
- _ satereotypes
- Nbdelica Classiefinition

+izFinal : Boolean [1] = falze

+hzPartial . Boolean [1] = falze
+izModelicaEncapsulated ; Boolean [1] = false
+izReplaceakble | Boolean [1] = falze
+framLibrary : String [0..1]

_f‘ll
zstereotypes waterectyvpes waterectypes waterectypes waterectyvpes
ModelicaModel ModelicaRecord ModelicaConnector ModelicaType ModelicaFunction
+izExpandable : Bodlean [1] = falze +zcope - ModelicaScopekind [1] = nane
+externallibrary ;- String [0..%]
+externalinciude ;. String [0..1]
zaterectypes zaterectypes waterectypes wsterectypes
ModelicaClass ModelicaBlock ModelicaOperator ModelicaPackage
I
zatereotypes ametaclas:an— - smetaclasss ' zzterectypes
Block Enumeration DataType ValueType




SysML4Modelica

N

Formal
mapping

A\
Modelica

<<ModelicaMode|>>
ModelicaStandardLibrary::Mechanics::Translational::Interfaces:
PartialCompliant
{s_rel = flange_b.s - flange_a.s;
flange_b.f =f;
flange_a.f = -f;}

<<ModelicaValueProperty>>+s_rel : Distance
<<ModelicaValueProperty>>+f : Force

<<ModelicaPort>>

<<ModelicaPort>> . ;
<<ModelicaExtendsRelation>> flange b: Flange
|

flanqe_la : Flange

<<ModelicaModel>>
ModelicaStandardLibrary::Mechanics::Translational::Components::
Spring
{f = c*(s_rel - s_rel0);}

<<ModelicaValueProperty>>+c : TranslationalSpringConstant{variability = parameter}
<<ModelicaValueProperty>>+s_rel0 : Distance{variability = parameter}

bdd [Package] Components| | £] ModelOverview ], QQ (P N R eEEIH
~1909

ModelicaPort Mod
e e AL KAQ umlorgen
L |

model Spring "Linear 1D translational spring™
extends Translatiocnal.Interfaces.PartialCompliant;
parameter SI.TranslationalSpringConstant c¢(final min=0, start =

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

equation
f =c*(s rel - s rell):;
end Spring;

1)
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Reference implementation: A N SR e TH
Based on OMG QVT ”Ci(icf(i(i@

conforms to conforms to
SysML+ _ Modelica
SysML4Modelica metamodel
metamodel

XMl Modelica
SysML <:(> (SysML4 M XM <j abstract

Tool : (Modelica) | hand-
Modelica an syntax
) QVT coded :
(normative) Java
OMC
Tool-Specific Modelica
Repository code- ::> .mo file

generator

QVT = Query / View / Transformation
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Transformations in Systems Modeling o Q
Al

s

* Model Object

D

Model Dependency

System Model

J{XE% oTETH

uml.org.cn
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Transformations in Systems Modeling HQQ Q(P KL 0TI
A

>—

* Model Object
D| Model Dependency

ot

/\N\QQ
D P "

rofile
B
D [}

SysML [P

/Profile
: \ © ,
\(\g ®

P

’ Profile D

g System Model
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Model Reuse in MBSE ﬂQQ QQD KA R e P 1Y

Requirements

Functional/Behavioral Model 1 Performance Model

Start > Shift |—» Accelerate —» Brake — Control Pow'er — VehicI.e
Input Equations Dynamics

System Model e
N Structural
/ \ I\ Safety
h Cost
Engine —— Transmission — Transaxle Model
Structural/Component Model Other Engineering

Analysis Models

Creating Models is Expensive and Time-Consuming

Revision by GIT; Original Source: OMG SysML Tutorial (June 2008). Reprinted with permission. Copyright © 2006-2008 by Object Management Group.
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Reusable Models in MBSE o QQQQ KA R
A)\)\)\A@ uml.org.cn

» Physical components are reused
» Portions of the systems model repeat
» Patterns for instantiating these portions

Electric Motors

» Component models = Domain specific model libraries
» Application of pattern = model transformations




uml.org.cn

Model Library of Hydraulic Components =T QO QQ KR e I
AN

» Needs to be carefully designed and managed
» Encodes domain knowledge

bdd [Package] Component @ ComponentTaxonomyu |

bdd [Elock] Properties | |;E§] Component_Structural_Knowledoge ]J

<<block>>

Hydraulic ==hlack==

HydraulicComponent

AN

==hlock==

Pump

<<block>> ] <<block>>[] zuction : FluidPort
Pump <<block>>] Tank dizcharge : FluidPort

Valve inputsShatft : Shaft

houszing ; Mourt

Displacement Volume

A

==hlocks==
Fized_Displacement_Pump

<<block>> = ratedPressure : Pressure [Mim*2]
VariableDisplacementPump <<block>> [ <<block>> = displacemert : Displacement [CCirey]
CheckValve 6Way3PosOpenCenter speeditRatedPressure - Angulary elocty [racis]
cost | Currency [Dollar]
mass - Mazs [kg]

l ==hlocks= =
Vendor _OTS_Pump
<<block>> =

6Way3PosOCParallel parthlumber : string = AXD123

ratedPressure : Pressure [Min"2] = 1ES

displacement : Displacement [coirey] = 100
zpeeditRatedPressure | Angularvelocity [radis] = 210

PressureMargin

AN

cost o Currency [Dollar] = 250
mass | Mazs [kyg] =10




Other Perspectives of Cylinder are

Reusable

e e

/\fl\)\)\/\ ElgniHeigafiels

» When cylinder is used, other corresponding models are

often used also
—> Capture the reuse pattern

bdd [Block] Cylinder [ @Cylinderbﬂudels ]J

arefines = |
- \

zhlocks
Cylinder
s values
zblocks _arefines _ cost: ${unit = Dollar} =
gmodels S stroke : miunit = Meter}
CylinderCost mass : kgiunit = Kilogram}
= horeD ; m{unit = Meter} -
-~ iy

e l-ecrefine:a-
-

-~ i
ahlocks !
amodels |

inderReliabili
2 4 thy zhlocks
zmodels

CylinderDynamics

erefines «hlocks
________ zmodelz
CylinderSteadyState |
Sy
= arefines
S,
Sy,
Ty
zhlock=
amodels
CylinderMass




Correspondence Patterns HQQ KA R e
ALl @ uml.org.cn

bdd [Fackage] ModelCorrespondence [ @Mudelﬂnrrespnndence ]J

zhlocks
ModelCorrespondenceContext =
-descriptive |
zhlocks |:|ipmt.ﬁ.: FluidFlow zallocates portd : FluidConnector Cylinder

Cylinder ; {horeDiameter =e= sumicylinderld, cylinderSelect{eylinderid)*horeDiameterCatalogDatal cylinderid)),
e _n_pnrtEI FluiclFlow zallocates  PortB: FluidConnector L cost =e= sum(cylinderld, cylinderSelect{cylinderld)* costCatalogDatai cylinderid)),
cost: §{unit = Dollar} | T T T T G mimaendmiaeeo > sum{cylinderld, cylinderSelecticylinderld))=e=1,
stroke : m{unit = Meter} |_.rc|d TransEnergyFlow  «allocates rodEnd FIulannnectu_)lfw f =e= (Pi"0.25*sor(horeDiameter ) portd p) - (Pi*0 25%(sgriboreDiameter)-sqr{rodDiameter)) pors o)
mass : kg{unit = Kilegram} -  ~— ~ — — — — — — — — — — 7/ — | =I= strokelength,
bmen;,—ﬁéunn=me¢gr} ! _lbase TransEnergyFlow zallocate: haseEnd : FluidConnector | mass =e= sumicylinderld, cylinderSelecticylinderld)*massCatalogDatalcylinderid)),
|:. _______________ %'l | maxPressure =e= sumicylinderld, cylinderSelect(cylinderld)*maxPressureCatalogDatalcylinderld)),
i g portd.p == maxPressure,

porth o =e= v*0 25*Pi*sgr{boreDiameter),
| portB.p =l= maxPressure,
porB g*sgriboreDiameter) + portA o' sgriboreDiameter)-sgrirodDiameter)) =e= 10,

| rocDiameter =e= 0.5*bhoreDiameter,
I strokelength =e= sumicylinderld, cylinderSelect{cylinderld)*strokel engthCatalogDatalcylinderldd)),
time*abgiport.q) =e= I*"0.25*Pi*sqr{boreDiameter],

| time =g= 0.00001 ,
L arefines abs{v)time =e= [}

vales

zGamsVariablezboreDiameter : m
zGamsYariablezstrokelenath . m
«Gal

. . «a | par [Block] I'-.-1udelCurrespundenceCurﬁen[@MudelCurrespundenceCumeﬂ]J
« Analytical Model refines the §§:
Descriptive Model 8| Geacriptiv’: Cylinder | T
« Structural ports are allocated to S C orea 5= .
corresponding analytical ports o - | , |
» Descriptive properties bound to S o | i | il |
analytical properties . [ massikg || L mass:kg :
| I : 7
S oy gy ]|




Model Composition using
Model Transformations

ibd [Block] LogSplitter [ @] ]J

W i

s

bo@@
Lk

flange_k : TransEnergyFlow

portB : FluidFlow

—————————— flange : TransEnergyFlow : i =
m : Mount |—| I.,Ij £yl: Cylinder E
E
] flange_a : TransEnergyFlow | LI .. ==
portd ; FluidFlow artB: FluidFlow
inti portA : FluidFlow
Descriptive + 1
L LS|
SySte mS valve : OpenCenterdway3lpos
Model

&
*

portP : FluidFlow

portP : FluicFlow

| &

L]
‘ pump : FixedDispPump

= =

| flange : RatEnergyFlow ‘

eng : Engine
flange : RotEnergyFlow

portT : FluicFlow

portP

FluidFlow |

Correspondence
Models

Descriptive
Models

Analytica
Models

N R eTETH

uml.org.cn

ibd [GamsModel] LogSplitter_Hyd[ @ LogSpltter_Hyd ]J

engine : Engine_|

flange : Flange L

| ! Q,Ga,-nS,:va,m—: pump : FixedDisplacementPump_hyd

A A sCamararis GamshModel :::;::sio'”;ange
& k3 b
r:e(;arl;slr'l:jelx __Iﬂange Flange =GamsConnectors e hdlnder DuuhleActmgC]dmder
| =GamsPorts | I I [ |
flange_a: Flange portd : FluidPort ortB : FluidPort
«GamsPorts GamsPorts
aGamsConnectors aGamsCpnnectors
. =GamsPortz aGamsPorts
An alytlcal port4 : FluidPort portB : FluidPort
=)
i |
SyStemS sGamsModels
valve : OpenCenterdway3pos_hyd

Model | -
portP ; FluidPart ~ fportT : FluidPort
«GamsPorts kGamsPorts

zGamsConnectors
zGamsPorts
“ﬁa”‘sp_"”” portP : FluidPort
__ange.FIange | I_i
| |
R aGamsModels

I eGamsParts
portT : FluidPort

eGamsConnectors

| «Gamshodels | |
zGamsPorts nk : Tank_hyd

portP : FluidPort portT :

«GamsConnectors

«GamsPortz

FluicPort




Descriptive to Analytical Transformation

ibd [Elock] Robot [ Robot 5D 1)

| pp: PathPlanner _i
[ 1

controlln

" cb: ControlBus |

—

outl

I S

PathCme

PathCrme

PathCme

[axis1 : Actuatorl j it L arm : Arm
T g 2
| 2 H'RmaﬁonalEnergyFlow
:Actuatorl‘_!‘ i i2 T,.|
T RotationalEnergyFlow '|_
-| i e
RotationalEnergyFlow T
logdlF _ loadF L
L # g ] i
| RatationslEnergyFlow i MehEneraykiow
i is =
| RotatioralEnergyFlowe |
b -
| anis6 : Actuator : =
i B
cmd 4 =2
[Tl T RotationalEnergyFlow | i
povwverlF LS|
hazelF

90009
B0 T

N R eTETH

uml.org.cn

ibd [ModelicatModel] RobotAnakyticalDomsain [ ModelicaRokot ])

Correspondence
Models

Descriptive
Models

Analytica
Models

Mol
can

smodelicaPorts
controBus : ControlBus L
L

pathPlanning : PathPlanning6 ‘

modelicaConnection:

smadslicaPorts

«madelicaConnections axzControlBus

_ «modelicaPort:
AxisControlBus L shodslicaParts _Llllange : Flange_b

«madelicaPorts

smodelicaParts
axish  Flange_a — hanice : M

hanicalStructure

axnish : AxisType2 | |

smadelicaPorts

«madelicaConnections axizContralBus

axis5 : AxisType2

_ «modelicaPorts
+ AxisCortrolBus i‘[ «odelicaParts |J_,1Ianga : Flange_h
|

emodelicaConnection: |

amodelicaPorts
axis5: Flange_a

2

smodelicaPorts

smodelicaConnections axizControlBus ; SxisCortrolBus L amodelicaParts

amodelicaConnection:s

emodelicaPorts
axisd : Flange_a e

«maodelicaPorts

I__‘ axisd: AxisType2

amadelicaPorts

AxizControlBus e amodelicaParts _|

IxmodalicaConnectiom

axz=ControlBus

|_|.i1|anga :Flange_k

flange : Flange_b
]

smodelicaConnection: 1224

emodelicaPorts
axiz3; Flange_a

«madelicaPort:

L: axis3 : AxisTypel
L

«modelicaConnection:

«mocelicaPorts «modelicaParts
axis2 Flange_a L

flange : Flange_k
«modelicaConnection: L

emodelicaPorts
axisl . Flange_a L

«maodelicaPorts
flange : Flange_h

1
elicaPorts
olBus P _ amodelicaPorts B
emodelicaConnections  gyiscontrolBus ; AxisCortrolBus i_E‘ smodelicaParts |J_|
! axie? : AxisTypel I
iC T
smodelicaPorts N ;
smodelicaConnection: sedsControlBus | AxisCortrolBus L smodelicaParts |J_|

axis1 : AxisType1 |
.

«madelicaConnection:

I_l_




Summary o QQQQ KpR IR
/‘w/l\)\/&/‘-«o ElgniHeigafiels

» Objective:

— Leverage the strengths of both SysML and Modelica by
integrating them to create a more expressive and formal MBSE
language.

Descriptive Modeling in SysML
+

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

http://doc.omg.org/syseng/2010-6-8
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