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Topics ﬁ'

* Model-based Systems Development (MBSD)
Motivation and Scope

» System Modeling Using SysML
» System Model as an Integration Framework
* Deploying MBSD into your Organization

= Summary
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MBSD Motivation and Scope



Practices for Describing Systems E ;

= Specifications

» |nterface requirements

= System design

Moving from Document centric to Model centric



Model-based Systems
Development (MBSD)

Life Cycle Support

= Formalizes the practice of
systems development Operations
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

Component Models

© Copyright Lockheed Martin Corporation All Rights Reserved




System Description %’

« Document-Based System Engineering:

: Document
Where 1S Document

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

Functional/Behavioral Model Performance Model

Input Equations Dynamics

N /

System Model M

N Structural
N
/ \ Safety

|

Start » Shift % Accelerate —» Brake Control {T} Power L, Vehicle

Cost
Engine & Transmission = Transaxle Model

Structural/Component Model Other Engineering
Analysis Models

Integrated System Model Must Address
Multiple Aspects of a System




What is SysML? 47

= 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




SysML Diagram Taxonomy

SysML Diagram

A
| l..-.. |

Behavior Requirement = Structure
Diagram Diagram = Diagram
4

7

Activity Sequence State Machine Use Case Block Definition Internal Block
Diagram Diagram Diagram Diagram Diagram Diagram

T A\

Package Diagram

E Same as UML 2 b )
arametric

Diagram
Modified from UML 2 cccccccaaad

] New diagram type

leaaa




4 Pillars of SysML — ABS Example

1 . St r u Ct u re sd ABS_ActivationSequence [Sequence Diagram] 2 . B e h a-VI O r

bdd [Fackage] Structure [ ABS Structure Hierarchy ]J stm TireTraction [State Diagramy

==hlock== ==hlock== Z=hlocks==
Library:: Anti-Lock Library::

Electronic Contrl i d [Block] Arti-Lock Cortroller [ Basic |
Processor

d1 : Traction
D\ el 4* Detector O
==hlock== RegainTractio
Traction

Detector dBIKE - ianal:bool |
1 - Brake modBrkFrc(traction_signal:boolean)
—
. Modulator modBrkFrc()

LossOfTraction

Gripping Slipping

req [Package] Wehicle Specifications [ Braking Reguirements | J< par [Block] Straight Line Vehicle Dynamics [ Parameters |
! tM % bf: M m e Ky

Vehicle System 5peciﬁcatiun| Braking Subsystem Specification [ |_| |_| |_| i n | I-f; | |_|
e1 : Braking Force’ e2 : Acceleration
Equation |: :‘ Equation

{f=CHRfH A0} o mizecen  if=mtal

=<reguirement== =<reguirement==
Stopping Distance Anti-Lock Performance

d="102" Id="33.7"

Text="The vehicle zhall Text="The braking system shall P

stop from B0 miles per hour prevent wheel lockup under all - - — —

within 150 ft on a clean dry braking conditions. " e4: Distance Equation |_| _

suface ™ . Tw=clich } el : Velocity Equation
v mizec v misec fa=clvict

- sec| | [ ]t sec
in e

==deriveReqt==

3. Requirements 4. Parametrics




System Model as an
Integration Framework



MBSD Must Integrate %
across Modeling Domains

N Logistics —
Ops/Mission Manufacturing
Analysis Support

Performance
Development Simulation
Software Engineering
Design |:| |:| Analysis
Hardware Human System
Design

Integration
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Using System Architecture Model
as an Integration Framework

Black Box

Specification

System

Analysis Models Architecture Model Verification Models

Req’ts Allocation &
Design Integration

Software Models

© Copyright Lockheed Martin Corporation All Rights Reserved




Using the System Architecture Model

to Flowdown Requirements

System-of-System Level e e e
» 1st Level Of Decompositions ’

* How Our Sy tributes to glmu!?tlotr_l, e
the Overa pecification Reviews,
S etc.

Mission Concept of O

Behavior,
Structure &

uirements Trade Studies,
Simulation,

System Level
* Derives Subsystems

System 2
Spec

Behavior,
Structure &

Element Level

 Derives Hardware and Softw
* Allocates Requirements to C

Components

onents Trade Studies,
Simulation,
Specification Reviews,
etc.

Behavior,
Structure &
equwements

(from John Watson/LMC % T

SysML Info Days presentation) ;‘;{Uvgfe
© Copyright Lockheed Martin Corporation All Rights Reservéd

Component Design
& Implementation Level




System Decomposition Process using SysML a
% T L=

Analyze System Level Requirements

Analyze System Services

Identify the Subsystem

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)

o © Copyright Lockheed Martin Corporation All Rights Reserved




System Architecture Model to ﬁ,
Support Tradeoff Analysis

System Architecture Model

T
()

Analysis
Results S

Reliability
Performance
Sensor Sensorl Sensor2 Sensor3

Processor Processorl Processor?2 Processor3
Control Controll Control2 Control3

Optimization

TE = Sum i T U T(P) + w2 u2(R) +w3u3C) 1

Performance
Reliability
Cost
Effectiveness
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I n teg rat | n g Sy S M L ExcavatorDigCycle - ExcavatorExample. ExcavatorDigCycle

File Edit Simulakion Plot  Animation Commands  Window  Help

with Simulation wHag W ¢S(c _[@evol @ SN OO
GIT* Project

Modelica

Speed: w

Lexical Representation Ee
[#leakage_BZEmw
(auto-generated from SysML) i 486
[+
Hbucketyalye T 3E6
[Hboom' alve =
package ExcavatorExsmple FHboomCyll -
| Tt [#HboomCylR
5 (=l paer
class ExcavatorDiglycocle []T_MR a1 1EE
Modelica.Mechanics. MultiBody. World world: []p init
ExcavatorExample.Components. Hydraulics hydraulics(redeclare Hpchﬁump OED
ExcavatorModel . Sublystems . Diglyoleleg comeand (startTime=0.1) L. T T T T T T T T T
ExcavatorlModel. Sub3ystems. HechanicsBody body (swing phi starg chqmﬂank 0 10 20
ExcavatorExample. Interfaces. . Nodes. TransNode2 nade;_ B Hireliefalve i

equation
connect (hydraulics.boomCylBasel, body.cylBoomLeftEBEase) ;
connect (hydraulics.bhoowmCylRodR, body.cvlBoomRightRod) ;
connect (hydraulics.boomCylRodL, body.cylBoomLeftRod) ;
connect (hydraulics.armCylRod, bhody.cylirmBod) 2
connect (hydraulics.armCylBase, hody.cylhrmBase) ;
connect (hydraulics.bucketCylRod, body.cylBEucketRod) ;
connect (hydraulics.bucketCylBase, bhody.cvylBucketBase) ;
connect (hydraulics.command3ignal, compand.comoandIignal) ;
connect (world. frame h, body.baseFrame):
connect (hydraulics.svingFlange, body.swvingFlange) ;
connect (hydraulics.boomCylEBaseR,; node.a):
connect (node.b, body.cylBoomRightBase) ;

end ExcavatorDiglyocle:

end ExcavatorExample;

<

[Johnson, 2008 - Masters Thesis]

= true
Salected object: body.base.shape. Form
<

* Georgia Institute of Technology

Modeling | ¥* Simulation
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Deploying MBSD Into Your
Organization



Deploying MBSD as part of
Improvement Process

ASSESS
Assess the

DEPLOY
Incrementally
integrate PLAN
changes inte Plan the
the current improvement

workflow Infrastructure & Support
Practices
Tools
Training

Pilot the _
practice and Codlfy_the
tailor the practice

approach

© Copyright Lockheed Martin Corporation All Rights Reserved
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MBSD Observations ﬁ'

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

= \Well defined MBSE method I1s 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

© Copyright Lockheed Martin Corporation All Rights Reserved
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Summary ﬁ'

» 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

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

SysML — Systems Modeling Language

UML — Unified Modeling Language



