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Motivation and Scope
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» System Model as an Integration Framework
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» SysML Status and INCOSE MBSE Roadmap
= MBSE Observations
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MBSE Motivation and Scope



/
SE Practices for Describing Systems /f/

= Specifications

» |nterface requirements

Moving from Document centric to Model centric



Model-based Systems A

Engineering (MBSE) Zr
Life Cycle Support

= Formalizes the practice of

systems development Operations
& Support

through use of models
= Broad in scope
— Integrates with multiple
modeling domains across
life cycle from system of
systems to component
» Results in quality/productivity
Improvements & lower risk
— Rigor and precision
— Communications among
system/project stakeholders

— Management of complexity

Vertical Integration
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System Description 7

- Document-Based System Engineering:

_ Document
Where is Document 3

truth’? Document
1

A<B

Inconsistencies within and among documents

- Model-Based System Engineering:

Model enforces consistency
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System Modeling Using SysML



System Modeling ﬁ;

Functional/Behavioral Model Performance Model

Start —» Shift —» Accelerate —» Brake Control Power > Veh'CI.e
Input Equations Dynamics

N g

Mass

System Model or

N Structural
N
/ \ Safety

N
Cost
Engine - Transmission —— Transaxle Model

Structural/Component Model Other Engineering
Analysis Models

Integrated System Model Must Address
Multiple Aspects of a System




: 4
What Is SysML? Zr

= A graphical modeling language in response to the
UML for Systems Engineering RFP developed by the
OMG, INCOSE, and AP233

— a UML Profile that represents a subset of UML 2 with
extensions

» Supports the specification, analysis, design,
verification, and validation of systems that include
hardware, software, data, personnel, procedures, and
facilities

» Supports model and data interchange via XML
Metadata Interchange (XMI®) and the evolving AP233
standard (in-process)

SysML is Critical Enabler for MBSE



4 Pillars of SysML

pkg Model Drganization)
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1 1
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4 Pillars of SysML — ABS Example

1 L] St r u Ct u re sd ABS_ActivationSequence [Sequence Diagram] 2 L] B eh aVI O r

bdd [Package] Structure[ ABS Structure Hierarchy ]) stm TireTraction [State Diagramy

==hlock== ==hlock== ==hlock== =——
Libraryz: Anti-Lock Library=: act PreventLockup [Activity Diagram] )
Electronic Contr b4 [Block] Anti-Lock Cortroller [ Basic |
Processor

o — d1 : Traction
Detector
TractLoss

==hlock==
Traction : :DetectLossOf :Modulate
Traction BrakingForce

Detector
m1 : Brake TractlLoss
Modulator

T
req [Package] Yehicle Specifications [ Braking Reguiremernts ] par [Block] Straight Line ‘ehicle Dynamics [ Parameters ]J
tf:M il % bt N m:Kg

Vehicle System Spet:iﬁt:atiunl Braking Subsystem Specification [ |_| |_| |_| f M 1 rf ‘M |_|
e1 : Braking Force’ e? : Acceleration
Equation [ :‘ Equation

{f=(H*Rt 0 4] o mizecry if=mta)

==requirement== ==reguirement==
Stopping Distance Amti-Lock Performance

[d="102" d="337"

Text="The vehicle shall Text="The hraking systerm shall o misen

stop frorm 60 miles per hout prevent wheel lockup under all - - — —

within 180 ft on a clean dry braking conditions. " e4: Distance Equation |_| _

surface " T {w=clxfit } el : Velocity Equation
¥ mizec ¥ mizec {a=cwich}

t:sec[ jt:sec

=2deriveRedt==

3. Requirements 4. Parametrics




SysML Model Used to Elaborate /f’/
System and Component Requirements

Vehicle System Model

Fragment G | CAD Model l n

SysNL Model

ibd Axle Assembly

Parametrics




System Model as an
Integration Framework



MBSE Must Integrate A

. . /
across Modeling Domains 1
- = =
|:| OF,)A\Sn/g/Il;?sSiison Lsoug;;t(iﬁf’ Ty ufacturingE

System Integration
Design & Test

Modeling Domains

Performance
Simulation

Algorithm
Development

Engineering
Analysis

Software

Design E

Hardware Human System
Design Integration
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Using System Architecture Model /f
as an Integration Framework /f/

Black Box
System
Specificatio®

System
Architecture Model Verification Models

Analysis Models —
— —

Req’ts Allocation &
Design Integration
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Using the System Architecture Model Y
to Flowdown Requirements

System-of-System Level Trade Studies
* 1st Level Of Decompositions Simulation |

* How Our Sy tributes to S TH Sya
the Overa pecitication Reviews,
S~ etc.

Mission Concept of O

Behavior,
Structure &

uirements Trade Studies,
Simulation,

System Level
* Derives Subsystems

Behavior,

Element Level Rt

* Derives Hardware and Softw
* Allocates Requirements to C

Components

onents Trade Studies,
Simulation,
Specification Reviews,

sw sw etc.
B-Spec Compl1| - - - Comp X
Spec Spec

Component Design Behavior,

& Implementation Level Structure &
Requirements

% “uc
(from John Watson/LMC I

SysML Info Days presentation) S%‘;;Cvgfe
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System Decomposition Process using SysML

v

Analyze System Level Requirements m-
Analyze System Services

Identify the Subsystem e

Analyze Subsystem Collaboration to
Satisfy the System Services

Incorporate Additional

Analysis as Needed _
Reviews, etc.

Derive and Allocate Requirements

to Subsystem The Subsystem shall ....

Derived
Requirements

Complete Subsystem Specs (from John Watson/LMC _
SysML Info Days presentation)
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System Architecture Model to 4
Support Tradeoff Analysis e

System Architecture Model

Analysis 0
Results e

Reliability

Performance
Sensor Sensorl Sensor2 Sensor3

Processor Processorl Processor2 Processor3
Control Controll Control2 Control3

Alt 1 Alt 2 Alt 3

Performance 0.5 7 5
Reliability 0.2 4 5
Cost 0.3 3 8

5.

Effectiveness 9
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I n te g r at | n g SyS M L ExcavatorDigCycle - ExcavatorExample. ExcavatorDigCycle

File Edit Simulation  Plob  &nimation  Commands  Window  Help

with Simulation wHQE NieBv B vol @ FSN HLE

Pl A TimelBd ] Speed[ 1 v

GIT* Project

[+ thermLondLert
#HthermCondRight

MOdellca FHerwSinkd o8

HenvSinkB

Lexical Representation leskoge_A%Eny 55

[#leakage BZErw
(auto-generated from SysML) W 4 1
FHbucket/alve 3EE
FHboorf alve
[#boomCyll
[+ boomCylR

(=l power
class ExcavatorDigCycole 1T kit 1EE

Modelica.Mechanics.MultiBody. World world: DID irit
ExcavatorExawple. Components, Hydraulics hydraulics (redeclare -
ExcavatorModel . Sub3ystems . DigCycleleq command (startTime=0.1)
ExcavatorModel.3ubSystems. HechanicsBody body (swing phi start

ExcavatorExample. Interfaces.Nodes. TransNodeZ node: reliefalve
equation [#H accurmulator

— hydraulics power potPp ——— hydradlics bucketCyl port

2EG -

[ pclzPurnp OED
[# circuitT ank,

connect (hydraulics.boomCvylEasel, body.cylEoomLeftEase) ! i1
connect (hydraulics.boomCylRodR, body.cylBoomRightRod) ; i2
connect (hydraulics.boowCylRodl, body.eyvlBoomLeftRod) ; preswreSenan
connect (hydraulics.armCylRod, body.cylirmRod) ; [=paortP
connect (hydraulics.arwCylBase, body.cylirmBase) |:|
connect (hydraulics.bucketCylRod, body.cylBucketRod) |:|m oy
connect (hydraulics.bucketCylBase, body.cylBucketBase) ! [ partT -
connect (hydraulics.command3ignal, comoand.comandIignal) ! portLSinil
connect {vorld.frame b, body.baseFrame); pnrtLS
connect (hydraulics.swvingFlange, body.swingF lange) :
connect (hydraulics. boonCylEaseR, node.a) :
connect (node.b, body.cylBEoowmRightBase)

end ExcevatorDigCyole:

#flange_a
[#zhaft
[Jhboom_s_init
[armn_s_init
[Jbucket_s_init
[# command

end ExcavatorExample;

<

[Johnson, 2008 - Masters Thesis]

Advanced

gimulateModel { "ExcavatorExample ExcavatorDigCycle", stopTime=20, method="dassl", result a
= true
Selected object: body_base.shape.Form bt

<

* Georgia Institute of Technology

Modelng | W* Simulation




Deploying MBSD into Your
Organization



Deploying MBSD as part of
Improvement Process

Infrastructure & Support

Practices
Tools
Training




SysML Status and
INCOSE MBSE Roadmap



OMG SysML™ Status

= Specification
— OMG Beta Specification in May ‘06
— Available Specification v1.0 in Sept '07
— Available Specification v1.1 in Nov ‘08
— Revision task force for v1.2 in Dec ‘09
— Revision task force for v1.3 in process
= Adoption
— Multiple vendor implementations available
— Increasing number of early adopters across industry
— Being introduced into academia
— Books available (4)
— SysML Cetrtification being developed
— DISR Emerging Standard (March 26, 2009)

* Information can be found on the OMG SysML
Website at


http://www.omgsysml.org/

INCOSE MBSE Roadmap

Extending Maturity and Capability

Institutionalized

MBSE across S o
Academia/Indust Distributed & secure model repositories
ry crossing multiple domains

Defined MBSE theory, ontology, and formalisms

Well 2
Defined E __Architecture model integrated Refer to activities in
MBSE g with Simulation, Analysis, and Visualization the followi ng areas:

Matured MBSE methods and metrics, .Planmng & Support

Integrated System/HW/SW models *Research

«Standards Development

Ad Hoc MBSE Emerging MBSE standards *Processes, Practices, & Methods
Document Centric *Tools & Technology Enhancements

Qutreach, Training & Education

2010 2020 2025



MBSE Observations Zr

= Transition from document-centric to model-centric
IS a cultural change

= \Well defined MBSE method is essential

= Multiple tool vendors provide a range of price point,
capability, and standards conformance

» MBSE training should include language, method,
and tools

= Employ pilots to validate your MBSE approach

* Need buy-in from program and customer on MBSE
benefits, approach and deliverables

= Scope model to support program objectives and
within program constraints

= A lot has been learned, but much more remains
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Summary //’/

* MBSD Is a key practice to advance complex systems
development

» Standards such as SysML and UML are critical enablers
of MBSD

= Multiple tool vendors implementing SysML

= System architecture model and standards based
approach facilitate integration across modeling domains

= Growing interest and application of MBSD




Acronyms

MBSE — Model-based Systems Engineering
OMG - Object Management Group

SysML — Systems Modeling Language
UML - Unified Modeling Language



SysML Diagram

Taxonomy

SysML Diagram

A

Behavior
Diagram

?

... |

Requirement : Structure
Diagram : Diagram
F]

T A

Activity
Diagram

Sequence State Machine
Diagram Diagram

Use Case Block Definition Internal Block
Diagram Diagram Diagram

Package Diagram

|| sameasuMmL2
[ Modified from umL 2

cooeyg

te—_4 New diagram type

Parametric
Diagram
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