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Topics

e Qverview of MBSE & The Four MBSE Essentials:

— Object Oriented SE Method; SysML Language; Tools; Trained Staff

 INCOSE IW’11 Status: Mark Sampson & Sandy
Friedenthal

* NDIA Final Draft Report on MBE

 INCOSE MBSE Initiative and Challenge Team Examples
— SoS, DoDAF, UPDM: Ron Williamson, Ph.D./Raytheon
— UPDM: Matthew Hause/Atego
— Space Systems: Bjorn Cole /Jet Propulsion Lab

— Telescope Modeling: Robert Karban/European Organization
for Astronomy Research

e Summary & Conclusions

—,

-

é < N Majority of Charts are from the INCOSE ¢
INCO 7_;S;E IW'11 MBSE Presentations @
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SE Practices for Describing Systems Phoenix, AZ, USA

Future

 Missions/Conops
 Needs/requirements
Interface

System design &

architecture
Analysis & Trade-off
Test plans

Life Cycle Support Power-up

Ete.

ATC Pilot Airplane

City of Phoenix
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Integrated Systems Engineering Vision  “eheenix, Az, usa
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Overview of MBSE: 28 jan—2 ab 2011
The Four MBSE Essentials o

3. Tools 4. Trained
E.g. Magic MBSE
Staff

SE Models & Products

2. Language
Specifications
E.g. SysML

1. Methods
E.g. OOSEM

s

City of Phoenix
I
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Overview of MBSE: The Four MBSE Essentials

3. Tools 4. Trained
E.g. Magic MBSE
ra a

E.g. SysML

__
1. Methods
E.g. OOSEM
BSE

1- MBSE Methodologies

@

City of Phoenix
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oS @%‘ Phoenix, AZ, USA

Jeff Estefan’s Survey of MBSE Methodologies (2008)

— IBM Telelogic Harmony-SE

— INCOSE Object-Oriented Systems Engineering
Method (OOSEM)

— IBM Rational Unified Process-Systems Engineering
(RUP-SE) for Model-Driven System Design (MDSD)

— Vitech MIBSE
— JPL State Analysis
— Object Process Methodology (OPM)

AN
= \
JCOSE
Internatior b nnnnnnnn ngineering
~ -

City of Phoenix
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System Development Process Phoenis, AZ, USA

Stakeholder “S"jsntigne Plan
Mg Development

Status
Technical data

) =< Test procedures
Define System ~p< »  Integrate

Reqt's & - —> & Test —» System
Design — | System.arch System ]
Allocated re;qts v
_— |,/ Procedures
. \/ Data System
“~.l_|__.-1  Hardware Element
| Software
Develop
—p  System
Element [
Integrated Product A Recursive V process that
__ Development (IPD) is can be applied to multiple
f’ N essential to improve levels of the system ¢
INCOSE communications hierarchy
\“g_' - City of Phoenix
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Overview of MBSE: The Four MBSE Essentials

3. Tools 4. Trained
E.g. Magic MBSE
aff

2. Language
Specifications

City of Phoenix
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SySML D|agrams Phoenix, AZ, USA

SysML I___K__ey___I

Diagram i New |

/\ -

changed
-t =" J ------ |
' Spec-
Behavioral OrPnted structural

Seq State Use | i1 Para
uence | |Machine Case : Reqts I ! metrics ! Package
act sd stm uc req par bdd ibd pkg
10
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Cross Connecting Model Elements Phoenix, AZ, USA
Structure Behavior

ibd [block] Anti-LockController Salisfies act PreventLockup [Swimlane Dlagram])
[Internal Block Diagram] «requirement»
Anti-Lock «allocate» «allocate»
Performance — :TractionDetector — :BrakeModulator
d1:TractionDetector
allocatqdFrom p \ “
cl:modulator flgz;lgtt:lt\llgx »DetectLossOf \ oca‘.\o | traction traction
Interface ¢ a\ «activity» LossFlow: | LossFlow: «activity»
// | DetectLossOf [ ] Modulate
J/ ml:Br%keModuIator Traction BrakingForce
allocatedFrom ﬁllocate rom
«connector»traction «activity»Wodulate 4«
LossFlow: BrakingFdyce
allocatedTo
«connector»cl:modulatorinterface
T
|
\ S at] S fy par [constraintBlock] StraightLineVehicIeDynamics)
req [package] VehicleSpecifications
[Requirements Diagram - Braking Requiremnts] «vaiue» «value» «value»
\ Tire.friction Braking.force Vehicle.weight
Vehicle System Braking Subsystem
Specification pecification tf tl bf m
| . [ .
«constraint» «constraint»
«requirement» «requirement» BrakingForce Accelleration
StoppingDistance Anti-LockPerformance Equation Equation
[f = (tf*bi)*(1-)] [F = ma]
id: 102 id: 337
text: The vehicle shall stop text: Braking subsystem a
from 60 mph within 150 ft shall prevent wheel lockup
on a clean dry surface. underlall braking conditions.

. e «constraint» «constraint»
VerifiedBy SatisfiedBy DistanceEquation [ ] VelocityEquation
«!nteracnon»M|n|mumStop"\ «block»Anti-LockController [v = dx/dt] [a = dv/di]
pingDistance T

H X
. Verif
i | =y
: «traceReqt» : \ «value»
________________________ ~Vehicle.position

Requirements Parametrics
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Overview of MBSE: The Four MBSE Essentials

3. Tools
E.g. Magic
Draw

2. Language
Specifications
E.g. SysMIL

1. Methods
E.g. OOSEM

© L. Mark Walker 12
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INCOSE MBSE Roadmap i

e rReduced cvcle ti aof Design optimization across broad trade space
MBSE Ca[}ablht‘y' - e ??Hﬁnmwﬁﬁﬂm Cross domain effects based analysis
Extending Maturity and Capability
Institutionalized /
MBSE across Distributed & secure model repositories
Academia/Industry crossing multiple domains
v
Defined MBSE theory, ontology, and formalisms
Well > ~ .
Defined = Architecture model integrated Refer to activities in
MBSE o with Simulation, Analysis, and Visualization the following areas:
=
rd Planning & Support .
Matured MBSE methods and metrics, -Research
Integrated System/HW/SW models
o -Standards Development -
_ -Processes, Practices, & Methods g
gd Hoc '“*"thE - Emerging MBSE standards -Tools & Technology Enhancements
ocument Centric |\~ -Outreach, Trgjning & Education R

2010 2020 @

City of Phoenix
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MBSE Initiative Status Phoenix, AZ, USA

* Reorganized to Focus Initiative

— Monthly telecons with expanded Leadership Team
« Monthly MBSE Webinars

— Well attended and generally high quality
+ Established MBSE Wiki

— http://www.omgwiki.org/MBSE/doku.php

— Hosted by the OMG

— Populated by MBSE Activity and Challenge Teams

— Provides open forum to foster industry collaboration
« MBSE Workshop at IW 2011

iNCOSE 9

- ity of Phoenix

94
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General Observations Phoenix, AZ, USA

+ Continued broad interest in MBSE
— Broad company participation and initiatives
— DoD - NDIA MBE Report and Systems 2020

 INCOSE has opportunity to foster collaboration and

maintain leadership role to advance the practice of
MBSE

— Webinars

— Workshops
— Wiki

iNCOSE s

- ity of Phoenix

8s
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MBSE Leadership Team Phoenix, AZ, USA

Management

+  Chair Mark Sampson

+ Co-Chair Sandy Friedenthal

*  Webinars and Communications Ray Jorgensen

+  MBSE Wiki Support David Lempia

Challenge Teams

* Modeling and Simulation Interoperability Russell Peak
» Space Systems Modeling Chris Delp

+ Telescope Modeling Robert Karban

+ GEOSS Modeling Larry McGovern

Activity Teams

+  MBSE Usability Scott Workinger

* Methodology and Metrics Jeff Estefan

*  Model Management Mark Sampson

+  Modeling Standards Roger Burkhart

* Ontology Henson Graves

» System of Systems/Enterprise Modeling Ron Williamson @

City of Phoenix
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MBSE Presentations 28 Jan — 2 Feb 2011

o Phoenix, AZ, USA

Sunday, January 30 Agenda

08:00 — 12:00

« Introduction - Sandy Friedenthal / Mark Sampson (30 min)

« Methodology and metrics — Jeff Estefan (30 min)

« SoS/Enterprise Modeling — Ron Williamson (50 min)

« MBSE Usability - Scott Workinger / David Lempia (50 min)

« Challenge Team — Telescope Modeling - Robert Karban (50 min)
13:00 -17:30

* Model Management - Mark Sampson (50 min)

« Ontology - Henson Graves (50 min)

« Challenge Team — Space Systems Modeling - Bjorn Cole (50 min)
« Challenge Team — M&S Interoperability - Russell Peak (50 min)
« Modeling Standards — Roger Burkhart (30 min)

fcose W

City of Phoenix
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RATICINAL SSE INDLESTRIAL ASSRCIATHIN

DRAFT Final Report

Model Based Engineering (MBE)

Subcommittee
Jeff Bergenthal (Subcommittee Lead)

NDIA Systems Engineering Division
M&S Committee

December, 2010

{cose 9
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BEFRER.  High-Level MBE Benefits  “Froen A us
DRAFT

ENEFEEN

STRENGTH THROGH INILSTRY & TECHSOLOGY

Reduce time to acquisition of first article for systems and solutions
— More complete evaluation of the trade space
— Earlier risk identification and mitigation
— Concurrent and collaborative engineering

— Design reuse
— Accelerated development

Reduce the time to implement planned and foreseen changes in systems
— Design reuse
— Rapidly evaluate changing threats and explore trade space

Enhance Reliability
— Earlier and continuous requirements and system verification
— |dentify and resolve errors / issues earlier =2 fewer post-fielding issues

Enhance Interoperability

— Inclusion of the operating environment and external interfaces in system
models

' Earlyr and continuous interface and interoperability verification @

City of Phoenix

. and Each of These Benefits Enhance Affordability 17 4
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NAYIONAL DEFEASE INDUSTRIAL ASSOCIATION W Phoenix, AZ, USA
MBE To-Be State T

STRENGTH THROUGH INDUSTRY & TECHNOLOGY

I Systems

=

Hardware X

Customer

Collaborative Foundation:
- Standards

- Model Registry
- Trusted Environment with SIP
- Supporting Policy (

S EMBE Enhances Affordability, Shortens Delivery and . .o
educes RISK Across the Acquisition Life Cycle 2%

Configuration
Management



To restate the obvious...

« Complex systems are everywhere...

International Workshop
28 Jan -2 Feb 2011
Phoenix, AZ, USA

« They are becoming the norm, not the exception

+ They require systems/cross-domain thinking to be successful

+ Existing processes can’'t handle the complexity, magnitude, etc.

+ Models are becoming the master, not drawings, not documents, ...

*+ Model-based systems world is coming. ..

“...no two BMW 5
series sold last year
were the same. *

“You're not going to lay out a billion-
gate integrated circuit by hand in you
life-time” 1972 Dr. Charles Rose at Tl
(Inventor of HDL's)

o ~5000 sensors, ECU's, etc.

communicating over 3000
connections via 1,000,000+ types of
messages, performing 2000+
functions in triple-redundant,
physically separated fashion with
each tail number a different
configuration )
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Recent Updates

e Activity area expanded to include metrics, now officially called
“Methodology and Metrics Activity Team”

« MBSE Wiki stood up as publically-accessible portal for collecting MBSE
Activity and Challenge Teams information and work products

— Methodology and Metrics Wiki page includes brief description of
methodologies surveyed in 2008 report plus those identified as gaps since

report
* Weilkiens Systems Modeling Process (SYSMOD)
* Fernandez Process Pipelines in OO Architectures (PPOOA)

— Also includes section on Metrics w/special interest in tool metrics as well as
process metrics
* Michelle Sprecht of IBM contributed to tool metrics content

. ),egjf\Estefan to transfer Activity Lead role to John Watson of LMCO

« 2
cmatio% uncil on Systen SEngincerin
Ny .

City of Phoenix
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http://www.omgwiki.org/MBSE/doku.php
http://www.omgwiki.org/MBSE/doku.php?id=mbse:methodology

International Workshop
28 Jan — 2 Feb 2011
Phoenix, AZ, USA

Presentation for Today

* Chris Davies — Ford Motor Company

* A Senior Technical Leader within the Ford Global Electrical and
Electronic Systems Engineering organization, (EESE). He has
over 20 years of real-time controls and embedded software
experience across multiple automotive domains. He received
his bachelor's degree from the University of Sussex, UK in
Control Systems, a Masters degree in Advanced Automotive
Systems Engineering at the University of Loughborough, UK
and an Engineering Management Masters from Wayne State
University, USA.

—

-

— I\
£ o ,h(g
In\cmalio%\\(ﬁuuncll on Systel ngineering
y;

L City of Phoenix
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INCOSE (MBSE)
Model Based System Engineering
(SoS) System of Systems Activity Introduction

Ron Williamson, Ph.D.
Raytheon
ron.williamson@incose.org

Jan 30-31, 2011
INCOSE IW11 MBSE Workshop
VIBSE Wiki page: http://www.omgwiki.org/mbse

MBSE SoS/Enterprise Modeling Wiki page: (
http://www.omgwiki.org/MBSE/doku.php?id=mbse:enterprise

City of Phoenix
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Traditional Systems
Engineering
Development of single system to meet

stakeholder requirements and defined
perfarmance

Purpose

System architecture established early
in lifecycle and remains relatively
stable

System
Architecture

Defines and implements specific
interface requirements to integrate
compaonents in system

System
Interoperability

Reliahility, Maintainahility, Availability
are typical ilities

System
“ilities”
Centralized acquisition and

Acquisition
management of the system

and
Management

Concept phase activity to determine

Anticipation of
system needs

Needs

Introduction SoS Engineering
Key Concepts

System-of-Systems
Engineering

Evolving new system-of-systems capability
by leveraging synergies of legacy systems

Dynamic reconfiguration of architecture as

needs change; use of service ariented
architecture approach as enabler

Component systems can operate
independently of 303 in a useful manner
Protocols and standards essential to
enable interoperable systems

Added “ilities™ such as Flexibility,
Adaptability, Composeability

Component systems separately acquired
and continue to be managed as
independent systems

Intense concept phase analysis followed
by continuous anticipation, aided by
angoing experimentation

Saunders, T. et al, “United States Air Force Scientific Advisory Board Report on System-
of-Systems Engineering for Air Force Capability Development,” SAB-TR-05-04, July 2005

International Workshop
28 Jan — 2 Feb 2011
Phoenix, AZ, USA

* SoS Engineering Key Concepts
— Legacy Systems

— Dynamic Reconfiguration of
Architecture

— Service Oriented Architecture
Enabler

— Protocols and Standards to Enable
Interoperable Systems

— Added “ilities” or Quality
Attributes

— Federated Acquisition

— Independent Systems

— Concept of Operations Critical
— Ongoing Experimentation

— Converging Spirals

SoS Modeling
Implications =

G

City of Phoenix




Introduction
.S0S MBSE Implications

International Workshop
28 Jan — 2 Feb 2011

Phoenix, AZ, USA

Legacy Systems 2 | Models for behavior, interfaces, requirements,
performance, e.g. SysML, Modelica, MARTE

Dynamic Reconfiguration of =~ |Dynamic Reconfigurable models of architecture, e.g.

Architecture UPDM with UML/SysML model version management

Service Oriented Architecture 2 |SOA modeling language, e.g. SoaML, SOA Patterns

Enabler

Protocols and Standards to =2 |Models for protocols, standards, interoperability, e.g.

Enable Interoperable Systems UPDM, DoDAF 2 MetaModel

Added “ilities” or Quality 2 |Specialty Engineering models, e.g assurance

Attributes

Federated Acquisition =2 |Models for acquisition project synergy, e.g. UPDM,
MODAF, DoDAF 2 MetaModel

Independent Systems 2 |Models for independence in system functionality, e.g.
Agent Based, federated models

Concept of Operations Critical 2 |Models for CONOPs including Mission, Objectives,
Courses of Action, etc. e.g. UPDM Operational
Viewpoint, BPMN Business Processes

Ongoing Experimentation =2 | Analysis of Alternatives models for all viewpoints and

model versioning

s

City of Phoenix
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UPDM Co-Chair
Atego Chief Consulting Engineer

-
....

UPDI\/I Group

Adaptive Northrop Grumman

Artisan Software L3 Comms

ASMG MQOD

BAE Systems NoMagic

DoD Raytheon

DND Rolls Royce

Generic Sparx Systems

General Dynamics VisumPoint

IBM Selex Sl
7:“"//:\\\ Lockheed Martin Co  Thales

Mega Unisys (
Mitre

City of Phoenix
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What is UPDM? - Summary

« UPDM 1.0 is a standardized way of expressing DoDAF
1.5 and MODAF 1.2 artefacts using UML and SysML

— UPDM is NOT a new Architectural Framework
— UPDM is not a methodology or a process

« UPDM 1.0 was developed by members of the OMG with
help from industry and government domain experts.

« UPDM 1.0 has been implemented by multiple tool
vendors.

— Tools supporting UPDM 1.0 are available now.

« UPDM 2.0 supports DoDAF 2.0, MODAF 1.2, NAF 3.x,
and DNDAF 1.7

A\

N
& D
In(cmalio%ﬁuncll on Syslcgngg

N 4 City of Phoenix
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Why? The need for UPDM.

 Motivation

— US DoD and UK MOD interested in leveraging commercial
standards for their Military Architecture Framework

— Military Architecture Framework Tool Interoperability

« Key Goal for DoD, MOD, Enterprise and System
Architects and Engineers

— Formal MetaModel basis for the Military Architecture
Framework

 Critical to Interoperability Objectives
 Critical to Understanding Profile Requirements
* Proliferation of Military Architectural frameworks
— DoDAF, MODAF, DNDAF, NAF, AGATE, ADOAF, MDAF, etc.

— Defence organizations, contractors and tool vendors are
hoping to find a way out of the alphabet soup.

s

City of Phoenix
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28 Jan — 2 Feb 2011
Phoenix A7 1ISA

DNDAF
v1.7
N\

2008

MODAF
Meta-Model (M3)
expressed using
UML Notation

C4ISR
Architecture
| Framework

C4ISR
Architecture

Scope of UPDM 2.0
Started Sept 2009

Framework

2003 Scope of UPDM 1.0 /

’ Approved Sept 2008
1996 2 PP p (

City of Phoeniix
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Who and Where UPDM Team MemberS

e US DoD Liaison - DoD/DISA, OSD CIO, Mitre, Silver
Bullet

e UK MOD Liaison - UK MOD, ModelFutures
e (Canada DND Liaison — DND and ASMG Ltd

« NATO - Generic AB on behalf of SWAF and on contract by
FMV

« Tool Vendors — Adaptive, Atego (Co-Chair),
EmbeddedPlus, IBM (Co-Chair), Mega, NoMagic (Co-
Chair), Sparx Systems, Visumpoint

« Aerospace — BAE Systems, General Dynamics, L3
Communications, Lockheed Martin, Northrop Grumman,
Raytheon, Rolls-Royce, Selex Sl, Thales, Unisys

« Advisors — Decisive Analytics

- Distributed multi national team (US, UK, France, Sweden,
Lithuania, Australia, Canada, Thailand, Italy) @

City of Phoenix
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How: UPDM Level 1 Compliance e az, usa
SysML Extensions

 Enables UPDM to leverage SysML features

— SysML blocks to represent structural elements such as
operational nodes, artifacts (systems), capability configurations,
which enable the use of flow ports, item flows, and value
properties with units and distributions

— SysML activities to support continuous flow modeling, activity
hierarchies, and support for enhanced functional flow block
diagrams

— SysML parametrics to enable the integration of engineering
analysis with the architecture models (e.g., performance
parameters in an SV-7 can be captured in parametric equations)

— SysML allocations to support various types of mappings such as
an SV-5 that maps system functions to operational activities

» Other SysML Features

— SysML requirements enable text based requirements to be
captured and traced to other model elements using the satisfy,
==y — SysML view and viewpoint enable provide for multiple
A perspectives of the model, and to manage, control, and orga
-~..u~f’ _—_Callout.notation ity af Phaenix
32

derive, verify and refine relationships
|NCO§E information. @




When: UPDM 2.0 Roadmap

International Workshop
28 Jan — 2 Feb 2011
Phoenix, AZ, USA

« Signed and Released DoDAF 2.0 in June 2009
* Preparation of RFP for UPDM 2.0 (Next Slide)

* |ssue UPDM 2.0 RFP Sept 2009

Internationgh ncil on Sy: ngineering
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When: UPDM 2.0 Roadmap :

 RFP for UPDM 2.0

— Inclusion of DoDAF 2.0

— Continuing support for MODAF 1.2

— Support for NAF 3

— Support for DNDAF including the Information
and Security views

— Human Factors Views based on MODAF and
DNDAF

— Business Motivational Modeling/SBVR profile
Integration

— Business process Modeling Notation

 UPDM v2 optionally could use BPMN to
model operational views

T
~ A\
o — Others?
; E .
Internatior uncil on Systems Engincering
g ’

City of Phoenix
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UPDM - Profile Example

s

City of Phoenix
I
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OV—1a: Operational Context Graphic

|
OV-1a [High Level Operational Concept] gjghgjhghjAssault [OV-1a]|

\ trapsm.i.ts.da;a_t
\ protects !

International Workshop
28 Jan — 2 Feb 2011
Phoenix, AZ, USA

City of Phoenix
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InternationghCouncil on Systems Enhgin

OV-1: Operational Context Grap

International Workshop
28 Jan — 2 Feb 2011
Phoenix, AZ, USA

NIC

OV-1a [High Level Operational Concept] Planetary Assault - Graphic Version [OV-1a]J

transmits data.to

N

: Star Destroyer

—
protects

~
N

N\

detects
% \ controls
I I
: Rebel Base - Shield 1
/;\ 1
' 1
' I
1 II
| attacks : Probe Droid /
. deploys ,
- <--___ 7
L AT-AT

(

|For a non-graphic version see [High Level Operational Concept] gjghgjhghjAssault [OV-1a]

OSE

eering

City of Phoenix
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OV-2 Operational Nodes

T
OV-2 [Node] Planetary Assault [OV-2]|

shield characteristics : Sensor Data
-
>

—
energy cannon fire : PetaWatts

T hield control data : Control Information shield characteristics : Sensor Data
power supply : PetaWattsw A

‘target strike request : Target Request

e - sensor data : Sensor Data
ase details : Sensor Data

© N >
droid control data : Control Information

target strike request : Target Request |

ground command orders : Operational Orders
v

blaster fire : GigaWatts squadron orders : Operational Orders
+— <

X

City of Phoenix
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OV-5 Activi lagram

= = Prders : Operational Orders.l
qepemcm-aﬁrmvmy»j—{ (]
Secure Landing Site

N

strikeOrders|: Operational Orders

: Target K

Request

strikeRequest : Target Request

: Control Information

deploymentData : Control Information

: Sepsor Data
grgetlntelligence : Sensor Data

strikeRequest : Target Request
squadOrders : Operaj

tional Orders

strikeRequest : Target Request

S R o)

sguadOrders : Operational Orders

~

City of Phoenix
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StV-2: Capability Taxonomy

International Workshop

28 Jan -2 Feb 2011
Phoenix, AZ, USA

StV-2 [Architectural Description] Capabilities [StV-2]J

«Capability»

«Capability»

«block»

«block»

Destruction of Enemy
Resources

AN

Discovery of Enemy Resource

JAN

«Capability»
«block»

«Capability»
«block»

Internatior

7

Planetary Suppression

Planetary Destruction

realizingResource

«ResourceArtifact» Death Star Il
«ResourceArtifact» Death Star

«Capability»
«block»

Operator-controlled Detection o

Enemy Resources

«Capability»

Autonomous Detection of Enemy
Resources

realizingResource

«ResourceArtifact» Probe Droid

realizingResource
«CapabilityConfiguration» Target Observa ...
«ResourceArtifact» Surface Probe Droid

«Capability»
«block»
Govern Systems

«Capability»
«block»
Propaganda Dissemination

«Capability»
«block»
Convert Opposition

«Capability»
«block»
System Interdiction

«Capability»
«block»
Rapid Deployment of Planetary Attack Force

«Capability»
«block»

Rapid Deployment of Planetary Garrison

\ >

(\

Council on Systems Engincering

N

City of Phoenix
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StV-4 [Capability] Govern Systems [StV-4]J

Deploy : Rapid Deploymen

of Planetary Garrison

Discover : Discovery of
Enemy Resources

Destroy : Destruction of Enemy Resources

Interdict : System Interdiction

Attack : Rapid Deployment of
Planetary Attack Forces

s

5StV-4: Capability Dependencies ™"

City of Phoenix
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AcV-2 Project Views -
Milestones

International Workshop

28 Jan -2 Feb 2011
Phoenix, AZ, USA

AcV-3 [Architectural Description] Space Vehicle Acquisition Projects [ACV-S]J

«ActualProjects
Tie Fighter: FleetOps

«ActualProjects
Star Destroyer Development : FleetOps

startDate
2007-12-31 00:00:00

responsibleResource

wActualDrganizations: Sienar Fleet Systems: Imperial Defence Contractor

responsibleResource
aActualTrganizations Kuat Drive Yards . Imperial Defence Contractor

alncrementMilestones
Tie vi1 : Imperial Project Milestone

endDate
2008-01-01 00:00:00

them eV alues
Equipment = Mot Started
Training = Mot Started
Concepts & Doctrine = Mot Started
Personnel = Mot Started
Organisation = Mot Started
Infrastructure = Mot Started
Logistics = Mot Started
Interoperahility = Mot Started

1
14MilestoneSequences

Y

«Mil
[ ]

toneSeqguences

«DeployedMilestones

Tie Assessment: Imperial Project Milestone

endDate
2008-12-31 00:00:00

#lncrementMilestones
SD Mk1 : Imperial Project Milestone

endDate
2008-01-01 00:00:00

resource
sResourcesntifacts Star Destroyer

e = =

MilestoneSequences

«DeployedMilestone»

SD Assessment: Imperial Project Milestone \J

endDate
2008-12-31 00:00:00

Milestone Sequence s

-

SD In-service : Imperial Project Milestone

«DeployedMilestones

[
VM ilestoneSequences

«Deployediilestones
Tie In-service : Imperial Project

Milestone
endDate
2010-08-30.00:00:00
NV UL

I:ncrlvaliorﬁj Council on Systcms}ﬁ@inccring
o

T

2010-09-30 00:00:00

endDate

«FResourceArtifacts Star Destroyer

resource

whctualOrganizations Outer Rim PAG .
«ActualCrganization» Blizzard Farce © 5 ..

usedBy

whctualProjects
Death Star : Planetary Suppression

«lncrementhilestone»
DS Mk1 : Imperial Project Milestone

endDate
2010-01-01 00:00:00

resource
«ResourceArtifacts Death Star

\:?M ilestoneSequences

«DeployedMilestanes
DS In-service : Imperial Project Milestone

endDate
2010-01-31 00:00:00

resource
«ResourceArtifacts Death Star

usedBy

whActualOrganizations Outer Rim PAG © Planetary Assault Group
whActualOrganizations 501st Legion : Ground Assault Legion
wActualDrganizations Blizzard Force : System Security Division

Lemilesto ne3equences

«Qutf ServiceMilestone »
DS QoS : Imperial Project Milestone

endDate
2011-12-31 00:00:00

resource
«ResourceArtifacts Death Star
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StV-3: Table/Gantt Chart Phoenix, AZ, USA

Year 1 Year 2 Year 3

JIMMJI|SIN|JIMMJI|SIN|JIMMJ|SIN

Discovery of enemy resources

Operator-controlled detection of enemy
resources

Probe Droid

Autonomous detection of enemy resources

Surface Probe Droid

Destruction of enemy resources

Planetary suppression

Star Destroyer

Planetary destruction

Death Star

i

s
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AcV-2 Project Views
Milestones
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[Architectural Description] Acquisition Timeline - Space Vehicles [AcV-2]

Death Star
(Planetary Suppression) . Q E E

2003-01-31 00:00 2004-124 2006-01-01 00:| 20q 2008-02-12 00:00:00
DSIn-service DY DS MkIl| D DS Mkll OoS

Star Destroyer Development . A gA

(FleetOps)

2001-014 2001-12-31 00:0{ 2003-09-30 00:00:00
S SD Assessmg SDIn-service

SD QoS

Tie Fighter
(FleetOps)

2007-12-31 00:00:04 2010-01-25 00:00:00 f'

SD Update

m
o

eetups

Equipment

Training

Concepts &Doctrine

Personnel

Organisation

Infrastructure

Logistics

Interoperability

NotApplicable

Complete

In Progress

Mot Started

In Test

HE CTlCOOOO0GG
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SoV-1: Service Taxonomy

International Workshop
28 Jan — 2 Feb 2011

Phoenix, AZ, USA

SQV-1 [Architectural Description] Service Taxonomy [SOV-l]J

_—

—

-

@
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SV-2: System Detall

International Workshop
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|
SV-2 [Resource Artifact] Probe Droid [SV-2]|

PDP5 : AVData| AudioFeed : AVData

=l s
SSP3: AVData

SSP2 gensorData : CommsData

earchParams : CommEData CSP2

VideoFeed : AVData
1=

PDP4 : AVDatar
[

]

NSP1

CsP1 SensorData : CommsData

DP1 : CommsData

Targetobs [B NSP3

v
| wmspP1

2

MSP3

a
eaponStabilisation ﬁ/VeaponTargetingDat

WeaponActivation : WeaponControlData

PDP3 : WeaponControlData

>
SearchParams : CommsData

NavData : CommsData

-+

MovementData : MobilityControlData

hrusterControl : ThiusterCOntroIDat

DP2 : ThrusterControlData

SP2

g

>

performs
«Function» Detect Target

City of Phoenix
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SysML Example:
Requirements Traceability

International Workshop
28 Jan — 2 Feb 2011
Phoenix, AZ, USA

req [Package] StandardsJ

«requirement»
Internal Probe Communications

txt
UniverseStan XYZ shall be used for internal Probe Droid communications.

«satisfy»
______ <

1

1

1
I

[}

«Standard»

Battle of Hoth::Standards etc::Standards::UniverseStan XYZI

«requirement»
Star Destroyer Communications

txt
ImpStan XYZ shall be used for communications with the Star Destroyer

/

\
P

«requirement»
Probe to Ship Protocol

txt
ProbeToShip protocol shall be used for all communications.

4

4

«Standard»

Battle of Hoth::Standards etc::Standards::ImpStan XY4

4
4
4

4 .
4 «satisfy»

«Protocol»

Battle of Hoth::Standards etc::Protocols::ProbeToShi;l

-

\'

lon gineering
L
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International Adoption of UPDM

* United States

— DoD statements of support issued

— Vendor presentations given to DoD, Industry, conferences
— UPDM being used on both bids and projects

* Great Britain

— MOD statements of support issued

— Vendor presentations given to MOD, Industry, conferences
— UPDM being used on both bids and projects

* France

— DGA favoring NATO NAF over AGATE; investigating UPDM
— Vendor presentations given to DGA, Industry, conferences

s

City of Phoenix
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Working Through System Models

Space Systems Challenge Team
INCOSE MBSE Initiative

Presented by
Bjorn Cole (for Chris Delp)
Jet Propulsion Laboratory
California Institute of Technology
Pasadena, California, U.S.A.
Bjorn.Cole@jpl.nasa.gov

9
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Success in past years!

Pilot on publically available Outer Planets
Flagship Mission concept with integrated
Parametrics execution 3

FireSat — International and Academic
Collaboration w/ publically available
concept °

7 —
ternati ouncil on Sys ineeri
nnnnnnn ~9|;

City of Phoenix
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Results of MOS Revitalization Experience
with Document Generation

Made the design clearer to reviewers

Saved time on iteration as model was revised in preparation
for reviews

Board was able to sync to team’s semantics and use them to
provide critiques

Saved a great deal of effort hunting down trivial
inconsistencies and guided work toward meaningful issues

9

City of Phoenix

Copyright 2011 California Institute of Technology. Government sponsorship acknowledged.
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SysML with STK 67

* Next segment of work is a collaboration between AGI
and InterCAX to experiment with connecting SysML
to an orbital analysis tool

* This is the combination of model-based specification
and high-fidelity analysis

City of Phoenix
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once pt IVIOdeI Phoenix, AZ, USA

package FireSat_Concept [ Concep‘ Sketch ] |

Start of Fire

Events trigger fires
randomly and
without warning

fires grow
large before
ground
based
detection
can detect

orbiting
detection
can detect
earlier then
conventional
means

dispatch foreset service resources

= e
Fire Trigger SMDKEY

Receive and
announce
detection
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FireSat Structural Model

bdd [Package] FireSat_Domain [@FireSal_Domajn_BDD ]|

«domain»
FireSat_Domain
earth_Sat NOAA fireSat_Mission
«block» «system» «system context»
Earth Ground_Station Mission
references

sun_Sat

«block»
Sun

USFS_Comm

noaa : Ground_Station

usfs_comm : Communications_Netw ork
values

Number of Users : Real [1]

PercentCoverage : Real [1]

ResponseTime : Min [1]{unit = Second}

MeanHfectiveness : Real

MeanReliability : Real

«system»
Communications_Network

DesignLife : Real
MissionDuration : Real
NumberOfSpacecraft: Real
totAnnualOpsCost : M$/yr
TotalCoverage : M_sq_km day
CostReqtVerify : Real
CoverReqtVerify : Real

corstraints

opsCstl : OpsCost
covS1: CoverageSum
covRtl : CoverReqt
cosRil : CostReqt

fS_Craft (1.* fS_Ops

ibd [Comain] FireSat_Domain [ [ FieSat_Domin 1]

«system»
Space_Element

«system»
Mission_Operations

earth_Sat : Earth

Earthinterface
EarthAtmosphericDrag

Earth_Radiation

EarthGravAttraction

sun_Sat: Sun

Sun_Interface
Solar_Radiatior

SolarGravAttractio!

USFS_Comm

requests :

alerts : ﬁ;‘ﬁ : Ops

<>| Solar_Radiation

‘ fireSat_Mission : Mission

‘ fS_Craft: Space_Element[1..4

Earth_Interface
thAtmosphericDrag
th_Radiation

thGravAttraction

Sun_Interface

olarGravAttraction

Transmit : Carrier Receive : Carrier

(4} {1}

FlightICD } Deft

D_

Receive : Carrier [1.Fransmit : Carrier [1.[]

noaa: Ground_Station

yemds : Commands

tim: Tel(?uelto;rds : Commands —0ps : Detectio
1 | LI

fS_Ops :Mission_Operations

Tequests : Ops

ection_hstructior

n_Instruction

5
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Scanned Area

Angular

Ape%re

Scan Height

City of Phoenix
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Requirements Verification

req [Package] Mission Objectives [Reqts_Check'ng ]|

«requirement»
«SMAD Page Ref»

Total Cost

Id="1.32.1"

Page Number ="16"

Text ="Total costincluding all research and
development SHALL be less than $20 million
per year."

«refine»

«functionalRequirement»
«SMAD Page Ref»

Coverage

d="1.1.1"

Page Number ="13"

Text = "Daily coverage of 750,000,000 acres
within the continental United States™

«refine»

«constraint»
CostReqt
{ver =if(act<=20,1,0)}

«performanceRequirement»
«SMAD Page Ref»

Resolution

Id="1.1.3"

Page Number ="13"

Text ="Sensors SHALL have a minimum of 30
meters resolution."

«refine»

«constraint»
CoverReqt
{ver =if(act>= (750 *0.00404686),1,0)}

«constraint»
ResolutionReqt
{ver =if(act<=30,1,0)}

G
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pace Element Parametrics

par [System] Space_Element [SpaceiEIernent 1 | ) Diagram name Space_Element
«constraint»
bit FS: Orbit mnLifel: MinLife Author Zwemer
orbi : Orbi - L -
= {life = min(lifed, life2)} Creation date 6/22/10 2556 PM
e2
orbitalLifetime : yr | lifel :yr Modification date 7/22/10 10:30 AM
life : yr satLifetime : yr Documentation
period : hour
:} = 5 elr Completion status
€ life2 :yr
altitude :km L Descripion
Version
& N
«constraint»
cpdl: CoveragePerDay
{cov =wid * scnht *24 / per / 1000000}
per : hour
scnregion : GeographicArea " cov : M_sq_km_da: 14 coveragePerDay : M_sq_km _day l
€ ( life:yr 0
width : km e5 - L] i’
wid : km «constraint»
. asSC1: AnnualSatCost
e6 SElss LG l%'_ {totcst = (spccst + Inchcst)/life}
G 3
totcst: M$/yr |: €20 flightCost : M$/yr
( «constraint» B el9
physical_FS: Spacecraft_Physical - launchCost: M$ l:l Inchcst : M$
sH1 : ScanHeight
fiLife - {scn =2 *alt *tan(ad*0.01745/2)} el e18
CLELASHE & FAF ’ spacecraftCost: M$ '7|:| SpecstiaMs
alt : km
S .
’Anng’sp:l}:g_dec I e7 scn : km e9
l:l ad : Deg_dec
N e8

«constraint»
scnRes1: ScanResolution
{res =sh/ pix *1000}

sh: km
pix : Real

«constraint»
rR1 : ResolutionReqt
{ver =if(act<=30,1,0)}

ver : Real

ScanResVerify : Real

el2

res : Meter l;'—

’ scanResolution : Meter ’iFI act : Meter

City of Phoenix
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Satellite Toolkit in 60 seconds

* General-purpose
modeling and analysis

* Integrated visualization
 Many modules for air, sea,
and space applications

— Coverage analysis

— Communications analysis
— Orbital propagation

— Mission design

;v/‘ ‘:‘ (
(COSE &)
o :;uf? ....... g
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SysML in Telescope Modeling

Robert Karban

==, Credit to members of the ESO, OMG, INCOSE, and the MBSE initiative to

| = Euse some of their material @
nnnnnnnn iol &W' gineering

L7 74 City of Phoenix
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What is ESO?

Non-profit Intergovernmental European Organisation for
Astronomical Research in the Southern Hemisphere

http://www.eso.org

Headquarters in Munich, Germany
3 Observatories in Chile

Mission statement

Build and operate world class
ground based astronomical facilities

City of Pho=
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About SE/N2

« Collaboration between European Southern Observatory (ESO) and
German Chapter of INCOSE (GfSE) since 2007

« Access to high-tech project, the Active Phasing Experiment (APE).
« The team members are:

— Robert Karban (ESO)

— Tim Weilkiens (oose GmbH)

— Rudolf Hauber (HOOD Group)

— Rainer Diekmann

— Michele Zamparelli (ESO)

— Andreas Hein (TU Munich)

Former members: Andreas Peukert (TU Munich)

s
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ESQO'’s sites

M Paranal (2600 m)
M LaSilla (2400 m)
B Chajnantor (5000 m)

Paranal

La Silla

City of Phoenix
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http://www.eso.org/public/astronomy/teles-instr/paranal.html
http://www.eso.org/public/astronomy/teles-instr/lasilla.html
http://www.eso.org/public/astronomy/teles-instr/apex.html
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ESO major projects

Very Large Telescope (VLT)

Started 1988, in operation since
1999

Atacama Large Millimeter Array
(ALMA)

W Europe-US-Japan

= Started 1998, installation starting
now ¢

Images on this SIieWWrﬂiQ@HEﬁd by ESO
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¢%§;¢ FUROPEAN SOUTHERN OBSERVATORY
% VERY LARGE TELESCOPE ——
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What is the challenge project about?

B System case study

B APE technology demonstrator for future
Extremely Large Telescope (ELT)

B High-Tech interdisciplinary opto-
mechatronical system in operation at
Paranal observatory

B Goals

B Create modeling guidelines and
conventions for all system aspects,
hierarchy levels, and views

B Create fully fledged SysML model

B Documented at
http://mbse.gfse.de
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B APE model, guidelines and best practices:
B Model Organization
Style, Layout Naming Conventions
System Views
Requirements and Use Case Modeling
Structure, Interface, and Behavior Modeling
Non-functional Aspects Ontologies, Part Catalogs

What have we
achieved?

Variant Modeling

Integration with other Disciplines

Cross-cutting the model and Traceability
B Domain Specific Model Extensions

B Model, Model library and SE Profile

B Plug-in for modeling tool

B Input for tool vendor and SysML RTF

Cookbook for MBSE with SysML

City of Phoenix
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What is next?

* Update and elaborate guidelines and best practices
* Create a product — MBSE SysML Cookbook
— Recipes, applied guidelines, and best practices
— Integrated navigable SysML reference model
— Automatically generated booklet
* Elaborate APE reference model
* More applications of variant modelling and parametric modelling
* Enhance integration of modelling with MBSE process

* Create examples and guidelines for open issues

9
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What we want to have: The E-ELT

 With its 42 m diameter
mirror, the E-ELT will be
the largest optical/near-
infrared telescope in the
world: “the biggest eye on
the sky”.

e E-ELT will gather 15 times
more light than any other
telescope today.

" ,,@Mw-kw""ﬁ AVavie »“vg,g VAR [~ * Exciting science: extra
N PR “ P solar planets and discs,
galaxy formation, dark
energy/dark matter, and
frontiers of physics.

* |f approved construction
could start in 2012 with
beginning of operations
2020-2022 (-

?\ K Y9

Images on this slieﬁyvgieﬂg@“ﬁd by ESO
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Early adopters of MBSE

ibd [System] EELT [ ] EELT _Cortrol ]J

Diagram name EELT_Control
Creation date 7i7I08 5115 PM
Modification date | 6/8/09 11:02 AM

it : TCSLogi ‘ [+ operator =
hiock: =
infra : Sitelnfrastruct
-
=========
L elngicat- g
S B . : m : AstronomicalSiteMonitor
<<<<<<<<<

Ll eogicars =

e 10000 tons Of Steel and glass bme :Buidingttanagement e

EELT ProductTree  EELT_Structure_Content

20000 actuators, 1000 mirrors
e 50000 I/0 points, 700Gflops/s, 17Gbyte/s

* Many distributed control loops, excessive control strategy
.-f; I;Applying SysML/MBSE for the Telescope Control System (

Images on this SIieWWlﬂm@Hﬁﬁd by ESO
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Why a model for the E-ELT TCS?

* Define infrastructure (e.g. network)
* Define interfaces to sub-systems
* Provide a cost estimate, power consumption

 Define common standards based on catalogs and
design conventions

* Define requirements for subsystems (e.g. data rates,
data volume, latency)

* Consistent information model of TCS properties to
manage its size

Provide a design which satisfies telescope functions
(e.g. wave front control strategies) @

City of Phoenix
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Summary

* MBSE:

— Strong Drivers supporting future Systems Engineering and
System Development (DoD, INCOSE, OMG, Industry Leaders,

— Benefits: Agility, Team environment, Models versus
Documents, reduced costs, improved team communications,
training, ...

— Evolving- Initiated about 2000, rapidly becoming applied to
prototypes and systems/contracts

* INCOSE: Many WGs, etc.

— MBSE Initiative is one of INCOSE top 5 priorities

— MBSE Initiative & its Challenge Teams; OOSEM WG,
Architecture WG, Tools, Standards Committee, ....

* OMG

— Major Specifications/Standards for MBSE
— SysML, UPDM, UML, SoaML, ....

— DoD a strong advocate for the standards

9
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Summary (Cont.)

* Tool significantly improving with
implementations of UML V2.0, SysML, UPDM...

— Many tools available

* Implementing MBSE in an organization should
include a transition plan that addresses

— detailed guidance consistent with organizational
process and tools

— MBSE Method, SysML standard, tools and training in
all of these

— Incremental piloting of approach
— Tailoring depth and breadth to needs of project @
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