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Topics

• Overview 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

• Summary & Conclusions
Majority of Charts are from the INCOSE 

IW’11 MBSE Presentations
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Phoenix, AZ, USASE Practices for Describing Systems

AirplaneATC Pilot

Request to proceed

Authorize

Power-up

Initiate power-up

Direct taxiway

Report Status

Executed cmds

Initiate Taxi

• Missions/Conops

• Needs/requirements

• Interface

• System design & 
architecture

• Analysis & Trade-off

• Test plans

• Life Cycle Support

• Etc.

Past
Future

Moving from Document centric to Model centric 
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Overview of MBSE:

The  Four MBSE Essentials

3. Tools

E.g. Magic 

Draw

Customer Needs SE Models & Products

4. Trained

MBSE 

Staff

2. Language 

Specifications

E.g. SysML

1. Methods

E.g. OOSEM

MBSE

L. Mark Walker 5
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1- MBSE Methodologies

L. Mark Walker 6
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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 MBSE

– JPL State Analysis

– Object Process Methodology (OPM)

7



International Workshop
28 Jan – 2 Feb 2011

Phoenix, AZ, USASystem Development Process

Procedures

Manage

System

Development

Define System

Reqt's &

Design

Integrate

& Test

System
System

Stakeholder

Reqts

System arch

Allocated reqt's

Data
Hardware

Software

Develop

System

Element

System

Element

Plan

 Status

Technical data
Test procedures

OOSEM
Activities

Integrated Product 

Development (IPD) is 

essential to improve 

communications

A Recursive V process that 

can be applied to multiple 

levels of the system 

hierarchy
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OMG’s Systems Modeling Language (SysML)

L. Mark Walker
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SysML

Diagram

Para
metrics

New

Behavioral Structural

Activity
State

Machine
Block

Definition
Internal
Block

Seq
uence

Package

Spec-
Oriented

Un-
changed

Modified

Use
Case

Reqts

Key

act sd stm uc req par bdd ibd pkg
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par [constraintBlock] StraightLineVehicleDynamics

«constraint»
Accelleration

Equation

[F = ma]

«constraint»
VelocityEquation

[a = dv/dt]

«constraint»
DistanceEquation

[v = dx/dt]

«constraint»
BrakingForce

Equation

[f = (tf*bf)*(1-tl)]

tf bftl

f

F

m

a
a

v

v

x

req [package] VehicleSpecifications

[Requirements Diagram - Braking Requirements]

Braking  Subsystem

Specification

Vehicle System

Specification

id: 102

text: The vehicle shall stop

from 60 mph within 150 ft

on a clean dry surface.

«requirement»

StoppingDistance

id: 337

text: Braking subsystem

shall prevent wheel lockup

under all braking conditions.

«requirement»

Anti-LockPerformance

«traceReqt»

req [package] VehicleSpecifications

[Requirements Diagram - Braking Requirements]

Braking  Subsystem

Specification

Vehicle System

Specification

id: 102

text: The vehicle shall stop

from 60 mph within 150 ft

on a clean dry surface.

«requirement»

StoppingDistance

SatisfiedBy

«block»Anti-LockController

id: 337

text: Braking subsystem

shall prevent wheel lockup

under all braking conditions.

«requirement»

Anti-LockPerformance

«traceReqt»

par [constraintBlock] StraightLineVehicleDynamics

«constraint»
Accelleration

Equation

[F = ma]

«constraint»
VelocityEquation

[a = dv/dt]

«constraint»
DistanceEquation

[v = dx/dt]

«constraint»
BrakingForce

Equation

[f = (tf*bf)*(1-tl)]

tf bftl

f

F

m

a
a

v

v

x

«value»
Vehicle.position

«value»
Vehicle.weight

«value»
Tire.friction

«value»
DutyCycle

«value»
Braking.force

par [constraintBlock] StraightLineVehicleDynamics

«constraint»
Accelleration

Equation

[F = ma]

«constraint»
VelocityEquation

[a = dv/dt]

«constraint»
DistanceEquation

[v = dx/dt]

«constraint»
BrakingForce

Equation

[f = (tf*bf)*(1-tl)]

tf bftl

f

F

m

a
a

v

v

x

«value»
Vehicle.position

«value»
Vehicle.weight

«value»
Tire.friction

«value»
DutyCycle

«value»
Braking.force

ibd [block] Anti-LockController

[Internal Block Diagram]

d1:Traction

Detector

m1:Brake

Modulator

:modulator

interface

act PreventLockup [Activity Diagram]

traction

LossFlow:

traction

LossFlow:«activity»

DetectLossOf

Traction

«activity»

Modulate

BrakingForce

ibd [block] Anti-LockController

[Internal Block Diagram]

 allocatedFrom
 «activity»DetectLossOf
 Traction

d1:TractionDetector

 allocatedFrom
 «activity»Modulate
 BrakingForce

m1:BrakeModulator

allocatedFrom
«connector»traction
LossFlow:

c1:modulator

Interface

act PreventLockup [Swimlane Diagram]

traction

LossFlow:

«allocate»

:TractionDetector

«allocate»

:BrakeModulator

traction

LossFlow:«activity»

DetectLossOf

Traction

«activity»

Modulate

BrakingForce

allocatedTo
«connector»c1:modulatorInterface

req [package] VehicleSpecifications

[Requirements Diagram - Braking Requirements]

Braking  Subsystem

Specification

Vehicle System

Specification

VerifiedBy

«interaction»MinimumStop

pingDistance

id: 102

text: The vehicle shall stop

from 60 mph within 150 ft

on a clean dry surface.

«requirement»

StoppingDistance

SatisfiedBy

«block»Anti-LockController

id: 337

text: Braking subsystem

shall prevent wheel lockup

under all braking conditions.

«requirement»

Anti-LockPerformance

«traceReqt»

Cross Connecting Model Elements

Structure Behavior

Requirements Parametrics

ibd [block] Anti-LockController

[Internal Block Diagram]

 allocatedFrom
 «activity»DetectLossOf
 Traction

d1:TractionDetector

 allocatedFrom
 «activity»Modulate
 BrakingForce

m1:BrakeModulator

allocatedFrom
«connector»traction
LossFlow:

c1:modulator

Interface

satisfies
«requirement»
Anti-Lock
Performance

ibd [block] Anti-LockController

[Internal Block Diagram]

 allocatedFrom
 «activity»DetectLossOf
 Traction

d1:TractionDetector

values

DutyCycle: Percentage

 allocatedFrom
 «activity»Modulate
 BrakingForce

m1:BrakeModulator

allocatedFrom
«connector»traction
LossFlow:

c1:modulator

Interface

satisfies
«requirement»
Anti-Lock
Performance

satisfy
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Recent Updates

• 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

• Jeff Estefan to transfer Activity Lead role to John Watson of LMCO

22
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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.
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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

MBSE Wiki page: http://www.omgwiki.org/mbse
MBSE SoS/Enterprise Modeling Wiki page: 

http://www.omgwiki.org/MBSE/doku.php?id=mbse:enterprise

mailto:ron.williamson@incose.org
http://www.omgwiki.org/mbse
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Introduction SoS Engineering
Key Concepts

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 

• 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 →
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Introduction 

…SoS MBSE Implications

Legacy Systems → Models for behavior, interfaces, requirements, 

performance, e.g.  SysML, Modelica, MARTE

Dynamic Reconfiguration of 

Architecture

→ Dynamic Reconfigurable models of architecture, e.g. 

UPDM with UML/SysML model version management

Service Oriented Architecture 

Enabler

→ SOA modeling language, e.g. SoaML, SOA Patterns

Protocols and Standards to 

Enable Interoperable Systems

→ Models for protocols, standards, interoperability, e.g. 

UPDM, DoDAF 2 MetaModel

Added “ilities”  or Quality 

Attributes

→ Specialty Engineering models, e.g assurance

Federated Acquisition → Models for acquisition project synergy, e.g. UPDM, 

MODAF, DoDAF 2 MetaModel

Independent Systems → Models for independence in system functionality, e.g. 

Agent Based, federated models

Concept of Operations Critical → Models for CONOPs including Mission, Objectives, 

Courses of Action, etc.  e.g. UPDM Operational 

Viewpoint, BPMN Business Processes

Ongoing Experimentation → Analysis of Alternatives models for all viewpoints and 

model versioning
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UPDM – Unified Profile for DoDAF/MODAF

Adaptive

Artisan Software

ASMG

BAE Systems

DoD

DND

Generic

General Dynamics

IBM

Lockheed Martin Co

Mega

Mitre

Northrop Grumman

L3 Comms

MOD

NoMagic

Raytheon

Rolls Royce

Sparx Systems

VisumPoint

Selex SI

Thales 

Unisys

UPDM Group

Matthew Hause

UPDM Co-Chair
Atego Chief Consulting Engineer
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• 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

What is UPDM? - Summary
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• 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.

Why? The need for UPDM.
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Why and When: Historical Development of AF’s.

C4ISR

Architecture 

Framework 

v1.0

C4ISR

Architecture 

Framework 

v2.0

DoDAF

v1.0

MODAF

v1.0

1996

1997

2003

2005

DoDAF

v1.5

2007

MODAF

v1.1

2007

NAF

v1.0

2005

Scope of UPDM 1.0

Approved Sept 2008

MODAF 

Meta-Model (M3) 

expressed using 

UML Notation

MODAF

v1.2

2008

NAF

v3.1

2007

DoDAF

V2.0

2009

DNDAF

v1.7

2008

Scope of UPDM 2.0

Started Sept 2009

30



International Workshop
28 Jan – 2 Feb 2011

Phoenix, AZ, USA

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

• UK MOD Liaison - UK MOD, ModelFutures

• 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 SI, Thales, Unisys

• Advisors – Decisive Analytics

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

Who and Where: UPDM Team Members
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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, 
derive, verify and refine relationships

– SysML view and viewpoint enable provide for multiple 
perspectives of the model, and to manage, control, and organize 
information.

– Callout notation
32
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• Signed and Released DoDAF 2.0 in June 2009

• Preparation of RFP for UPDM 2.0 (Next Slide)

• Issue UPDM 2.0 RFP Sept 2009

• ….

When: UPDM 2.0 Roadmap

33



International Workshop
28 Jan – 2 Feb 2011

Phoenix, AZ, USA

• 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

– Others?

When: UPDM 2.0 Roadmap
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UPDM  - Profile Example
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OV-1a: Operational Context Graphic

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

«HighLevelOperationalConcept»
«block»

Planetary Assault

protects

attacks

detects

deploys

transmits data to

controls

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

«HighLevelOperationalConcept»
«block»

Planetary Assault

: Shield

: Rebel Base

: AT-AT

: Probe Droid

: Star Destroyer

: Shield

: Rebel Base

: AT-AT

: Probe Droid

: Star Destroyerprotects

attacks

detects

deploys

transmits data to

controls
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OV-1: Operational Context Graphic
OV-1a [High Level Operational Concept] Planetary Assault - Graphic Version [OV-1a]

«HighLevelOperationalConcept»
«block»

Planetary Assault

controls

attacks

detects

protects

deploys

transmits data to

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

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

«HighLevelOperationalConcept»
«block»

Planetary Assault

: AT-AT

: Probe Droid

: Rebel Base : Shield

: Star Destroyer

: AT-AT

: Probe Droid

: Rebel Base : Shield

: Star Destroyer

controls

attacks

detects

protects

deploys

transmits data to

For a non-graphic version see [High Level Operational Concept] gjghgjhghjAssault [OV-1a]
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OV-2 Operational Nodes

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

«Node»
«block»

Planetary Assault

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

«Node»
«block»

Planetary Assault

«NodeRole»
«part»

PD : Probe Droid

«NodeRole»
«part»

RS : Shield

«NodeRole»
«part»

Echo Base : Rebel Base

«NodeRole»
«part»

GC : Ground Command

«NodeRole»
«part»

SQD : Squadron

«NodeRole»
«part»

CI : Command Intelligence

«NodeRole»
«part»

Stalker : Star Destroyer

«NodeRole»
«part»

PD : Probe Droid

TObsTObs

«NodeRole»
«part»

RS : Shield

«NodeRole»
«part»

Echo Base : Rebel Base

«NodeRole»
«part»

1..*

PG : Power Generator

«NodeRole»
«part»

1..*

RH : Hangar

«NodeRole»
«part»

1..*

PG : Power Generator

«NodeRole»
«part»

1..*

RH : Hangar

«NodeRole»
«part»

GC : Ground Command

«NodeRole»
«part»

SQD : Squadron

«NodeRole»
«part»

1..*

AT-AT : AT-AT

«NodeRole»
«part»

1..*

AT-AT : AT-AT

«NodeRole»
«part»

CI : Command Intelligence

«NodeRole»
«part»

Stalker : Star Destroyer

squadron orders : Operational Orderssquadron orders : Operational Orders

shield characteristics : Sensor Data

energy cannon fire : PetaWatts

shield characteristics : Sensor Data

energy cannon fire : PetaWatts

blaster fire : GigaWattsblaster fire : GigaWatts

droid control data : Control Information

sensor data : Sensor Data

droid control data : Control Information

sensor data : Sensor Data

ground command orders : Operational Orders

target strike request : Target Request

ground command orders : Operational Orders

target strike request : Target Request

base details : Sensor Database details : Sensor Data

shield control data : Control Informationshield control data : Control Information shield characteristics : Sensor Data

target strike request : Target Request

shield characteristics : Sensor Data

target strike request : Target Request

power supply : PetaWattspower supply : PetaWatts
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OV-5 Activity Diagram

Secure Landing Site

«OperationalActivity»
orders : Operational Orders

«Node»
«block»

: Planetary Assault

«Node»
«block»

: Planetary Assault

«NodeRole»
«part»

GC : Ground Command

«NodeRole»
«part»

CI : Command Intelligence

«NodeRole»
«part»

PD : Probe Droid

«NodeRole»
«part»

Stalker : Star Destroyer

«NodeRole»
«part»

SQD : Squadron

«NodeRole»
«part»

GC : Ground Command

«NodeRole»
«part»

CI : Command Intelligence

«NodeRole»
«part»

PD : Probe Droid

«NodeRole»
«part»

Stalker : Star Destroyer

«NodeRole»
«part»

SQD : Squadron

«NodeRole»
«part»

AT-AT : AT-AT

«NodeRole»
«part»

AT-AT : AT-AT

: Request Target Strike

: Request Bombardment

strikeRequest : Target Request

strikeOrders : Operational Orders

strikeRequest : Target Request

strikeOrders : Operational Orders

: Request Target Strike

targetIntelligence : Sensor Data

strikeRequest : Target Request

squadOrders : Operational Orders

targetIntelligence : Sensor Data

strikeRequest : Target Request

squadOrders : Operational Orders

: Request Bombardment

: Request Target Recon

strikeRequest : Target Request

deploymentData : Control Information

strikeRequest : Target Request

deploymentData : Control Information

: Request Target Recon

: Recon Target

: Analyse Target Data

deploymentData : Control InformationdeploymentData : Control Information

: Recon Target

targetIntelligence : Sensor DatatargetIntelligence : Sensor Data

: Analyse Target Data

: Bombard Target

strikeRequest : Target RequeststrikeRequest : Target Request

: Bombard Target

: Deploy Forces

squadOrders : Operational OrderssquadOrders : Operational Orders

: Deploy Forces

orders : Operational Orders

Secure Landing Site

«OperationalActivity»
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StV-2 [Architectural Description] Capabilities [StV-2]

«Capability»
«block»

Discovery of Enemy Resources

«Capability»
«block»

Destruction of Enemy

Resources

«Capability»
«block»

Planetary Suppression

«Capability»
«block»

realizingResource
«ResourceArtifact» Probe Droid

Operator-controlled Detection of

Enemy Resources

«Capability»
«block»

Planetary Destruction

«Capability»
«block»

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

Autonomous Detection of Enemy

Resources

«Capability»
«block»

Rapid Deployment of Planetary Attack Forces

«Capability»
«block»

Govern Systems

«Capability»
«block»

Convert Opposition

«Capability»
«block»

Propaganda Dissemination

«Capability»
«block»

Rapid Deployment of Planetary Garrison

«Capability»
«block»

System Interdiction

realizingResource
«ResourceArtifact» Death Star II
«ResourceArtifact» Death Star

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

«Capability»
«block»

Discovery of Enemy Resources

«Capability»
«block»

Destruction of Enemy

Resources

«Capability»
«block»

Planetary Suppression

«Capability»
«block»

realizingResource
«ResourceArtifact» Probe Droid

Operator-controlled Detection of

Enemy Resources

«Capability»
«block»

Planetary Destruction

«Capability»
«block»

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

Autonomous Detection of Enemy

Resources

«Capability»
«block»

Rapid Deployment of Planetary Attack Forces

«Capability»
«block»

Govern Systems

«Capability»
«block»

Convert Opposition

«Capability»
«block»

Propaganda Dissemination

«Capability»
«block»

Rapid Deployment of Planetary Garrison

«Capability»
«block»

System Interdiction

realizingResource
«ResourceArtifact» Death Star II
«ResourceArtifact» Death Star
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StV-4 [Capability] Govern Systems [StV-4]

Convert : Convert Opposition
Discover : Discovery of

Enemy Resources
Deploy : Rapid Deployment

of Planetary Garrison

Destroy : Destruction of Enemy Resources

StV-4 [Capability] Govern Systems [StV-4]

Convert : Convert Opposition
Discover : Discovery of

Enemy Resources
Deploy : Rapid Deployment

of Planetary Garrison

Destroy : Destruction of Enemy Resources

Interdict : System Interdiction

Attack : Rapid Deployment of
Planetary Attack Forces

Interdict : System Interdiction

Attack : Rapid Deployment of
Planetary Attack Forces
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AcV-2 Project Views -

Milestones
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Year 1

Discovery of enemy resources

Destruction of enemy resources

Autonomous detection of enemy resources

Planetary suppression

Probe Droid

Surface Probe Droid

Star Destroyer

Death Star

Operator-controlled detection of enemy 

resources

J M M J S N J M M J S N J M M J S N

Year 2 Year 3

Planetary destruction
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Milestones
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SOV-1 [Architectural Description] Service Taxonomy [SOV-1]

«ServiceInterface»

providedFunction
«ServiceFunction» Observe Target ()
«ServiceFunction» Initialise (in searchParams : Search Parameters)
«ServiceFunction» Transmit Data ()
«ServiceFunction» Perform Preliminary Analysis ()

Target Observation

«ServiceAttribute» Range : Kilometers

«ServiceInterface»

Communication Service

«ServiceInterface»

Email Service

«ServiceInterface»

Military Messaging Service

«ServiceInterface»

Intelligence Fusion

«ServiceInterface»

SIGINT

«ServiceInterface»

Intelligence Service

«ServiceInterface»

Root Service

SOV-1 [Architectural Description] Service Taxonomy [SOV-1]

«ServiceInterface»

providedFunction
«ServiceFunction» Observe Target ()
«ServiceFunction» Initialise (in searchParams : Search Parameters)
«ServiceFunction» Transmit Data ()
«ServiceFunction» Perform Preliminary Analysis ()

Target Observation

«ServiceAttribute» Range : Kilometers

«ServiceInterface»

Communication Service

«ServiceInterface»

Email Service

«ServiceInterface»

Military Messaging Service

«ServiceInterface»

Intelligence Fusion

«ServiceInterface»

SIGINT

«ServiceInterface»

Intelligence Service

«ServiceInterface»

Root Service
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SV-2 [Resource Artifact] Probe Droid [SV-2]

«ResourceArtifact»
«block»

Probe Droid

performs
«Function» Detect Target

SV-2 [Resource Artifact] Probe Droid [SV-2]

«ResourceArtifact»
«block»

Probe Droid

«ResourceArtifactRole»
«part»

Comms : PD Comms
System

«ResourceArtifactRole»
«part»

Nav : PD Navigation System

«ResourceArtifactRole»
«part»

Mobility : PD Mobility
System

«ResourceArtifactRole»
«part»

Wpns : PD Weapon System

«ResourceArtifactRole»
«part»

Sensors : PD Sensor
System

PDP5 : AVData

PDP4 : AVData

PDP1 : CommsData

PDP2 : ThrusterControlData

PDP3 : WeaponControlData

TargetObs

«ResourceArtifactRole»
«part»

Comms : PD Comms
SystemCSP2

CSP1

CSP3

CSP2

CSP1

CSP3

«ResourceArtifactRole»
«part»

Nav : PD Navigation System

NSP1

NSP3

NSP2

NSP1

NSP3

NSP2

«ResourceArtifactRole»
«part»

Mobility : PD Mobility
System

MSP1

MSP2

MSP3

MSP1

MSP2

MSP3«ResourceArtifactRole»
«part»

Wpns : PD Weapon System

WSP3

WPS2

WSP1

WSP3

WPS2

WSP1

«ResourceArtifactRole»
«part»

Sensors : PD Sensor
System

SSP1

SSP2

SSP3 : AVData

SSP1

SSP2

SSP3 : AVData

PDP5 : AVData

PDP4 : AVData

PDP1 : CommsData

PDP2 : ThrusterControlData

PDP3 : WeaponControlData

TargetObs

VideoFeed : AVDataVideoFeed : AVData

SensorData : CommsData

SearchParams : CommsData

SensorData : CommsData

SearchParams : CommsData

SensorData : CommsData

SearchParams : CommsData

SensorData : CommsData

SearchParams : CommsData

NavData : CommsDataNavData : CommsData

MovementData : MobilityControlDataMovementData : MobilityControlData

ThrusterControl : ThrusterControlDataThrusterControl : ThrusterControlData

WeaponActivation : WeaponControlDataWeaponActivation : WeaponControlData

WeaponStabilisation : WeaponTargetingDataWeaponStabilisation : WeaponTargetingData

TargetLocation : WeaponTargetingDataTargetLocation : WeaponTargetingData

AudioFeed : AVDataAudioFeed : AVData

performs
«Function» Detect Target
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Requirements Traceability
req [Package] Standards

«Standard»

Battle of Hoth::Standards etc::Standards::ImpStan XYZ

«Standard»

Battle of Hoth::Standards etc::Standards::UniverseStan XYZ

«Protocol»

Battle of Hoth::Standards etc::Protocols::ProbeToShip

«requirement»

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

Internal Probe Communications

«requirement»

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

Star Destroyer Communications

«requirement»

txt
ProbeToShip protocol shall be used for all communications.

Probe to Ship Protocol

«satisfy»

«satisfy»

req [Package] Standards

«Standard»

Battle of Hoth::Standards etc::Standards::ImpStan XYZ

«Standard»

Battle of Hoth::Standards etc::Standards::UniverseStan XYZ

«Protocol»

Battle of Hoth::Standards etc::Protocols::ProbeToShip

«requirement»

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

Internal Probe Communications

«requirement»

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

Star Destroyer Communications

«requirement»

txt
ProbeToShip protocol shall be used for all communications.

Probe to Ship Protocol

«satisfy»

«satisfy»
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• 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

International Adoption of UPDM
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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
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Success in past years!

FireSat – International and Academic 

Collaboration w/ publically available 

concept 5

Pilot on publically available Outer Planets 

Flagship Mission concept with integrated 

Parametrics execution 3
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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

Copyright 2011 California Institute of Technology. Government sponsorship acknowledged. 51
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SysML with STK 6,7

• 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
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FireSat_Concept Concept Sketchpack age  [   ]

Start of Fire

firefighters arrive in time to contain fire

dispatch foreset service resources

Fire Trigger

Detection on orbit

Receive and 

announce 

detection

Events trigger fires

 randomly and 

without warning

Earth 

orbiting 

detection 

can detect 

earlier then 

conventional

 means

fires grow 

large before 

ground 

based 

detection 

can detect
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FireSat Structural Model
FireSat_Domain_BDDFireSat_Domain[Package] bdd [   ]

«domain»

Fire Sat_Domain

references

noaa : Ground_Station

usfs_comm : Communications_Netw ork
values

Number of Users : Real [1]

PercentCoverage : Real [1]

ResponseTime : Min [1]{unit = Second}

MeanEf fectiveness : Real

MeanReliability : Real

DesignLife : Real

MissionDuration : Real

NumberOfSpacecraf t : Real

totAnnualOpsCost : M$/yr

TotalCoverage : M_sq_km_day

CostReqtVerify : Real

CoverReqtVerif y : Real
constraints

opsCst1 : OpsCost

covS1 : CoverageSum

covRt1 : CoverReqt

cosRt1 : CostReqt

«system context»

Mis s ion

Diagram nam e FireSat_Domain_BDD

Author Zwemer

Creation date 6/21/10 11:46 AM

Modification date 11/3/10 1:15 PM

Docum entation

Com pletion s tatus  

Description  

Vers ion  

«system»

Com munications _Ne twork

«system»

Ground_Station

«system»

Space_Ele me nt

«system»

Mis s ion_Ope rations

«block»

Earth

«block»

Sun

sun_Sat
USFS_Comm

NOAAearth_Sat f ireSat_Mission

fS_OpsfS_Craf t 1..*

FireSat_Domain FireSat_Domain[Domain] ibd [   ]

fS_Craft : Space_Elem ent [1..*]

EarthAtmosphericDrag

EarthGravAttraction

Earth_Radiation

Earth_Interface

SolarGravAttraction

Solar_Radiation

Sun_Interface

FlightICD : Detection_InstructionTransmit : Carrier Receive : Carrier

fS_Ops  : M iss ion_Ope rations

alerts : Ops

cmds : Commands Ops : Detection_Instruction

requests : Ops

tlm : Telemetry

noaa : Ground_Station

cmds : Commands

Receive : Carrier [1..*]

tlm : Telemetry

Transmit : Carrier [1..*]

fire Sat_Mis sion : Mis sion

Diagram name FireSat_Domain

Author Zwemer

Creation date 6/21/10 12:59 PM

Modification date 7/7/10 12:52 PM

Docum entation

Com pletion s tatus  

Description  

Vers ion  

USFS_Com m

alerts : Ops

requests : Ops

e arth_Sat : Earth

EarthAtmosphericDrag

EarthGravAttraction

Earth_Radiation

EarthInterface

s un_Sat : Sun

SolarGravAttraction

Solar_Radiation

Sun_Interface
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Scanned Area

Scan Height

Angular

Aperture
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Requirements Verification
Mission Objectives Reqts_Checking[Package] req [   ]

Id = "1.3.2.1"

Page Num ber = "16"

Text = "Total  cos t including all research and 

development SHALL be less than $20 million 

per year. "

«requirement»

«SMAD Page Ref»

Total Cost

Id = "1.1.1"

Page Num ber = "13"

Text = "Daily  coverage of 750,000,000 acres  

within the continental United States "

«functionalRequirement»

«SMAD Page Ref»

Coverage

Id = "1.1.3"

Page Num ber = "13"

Text = "Sensors  SHALL have a minim um  of 30 

meters  resolution."

«performanceRequirement»

«SMAD Page Ref»

Res olution

«constraint»

Res olutionRe qt

{ver = if (act<= 30,1,0)}

«constraint»

CoverReqt

{ver = if (act>= (750 * 0.00404686),1,0)}

«constraint»

Cos tRe qt

{ver = if (act<= 20,1,0)}

Diagram nam e Reqts_Checking

Author Zwemer

Creation date 6/23/10 12:24 PM

Modification date 6/25/10 11:17 AM

Docum entation

Com pletion s tatus  

Description  

Vers ion  

«ref ine»

«ref ine»

«ref ine»
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Space_Element Space_Element[System] par [   ]

Diagram nam e Space_Element

Author Zwemer

Creation date 6/22/10 2:56 PM

Modification date 7/22/10 10:30 AM

Docum entation

Com pletion s tatus  

Description  

Vers ion  

«constraint»

cpd1 : Cove ragePerDay

{cov = w id * scnht *24 / per / 1000000}

cov : M_sq_km_day

per : hour

scnht : km

w id : km

AnglDis p : De g_de c

SensorRe s  : Real

craftLife : yr

phys ical_FS : Spacecraft_Phys ical

cove ragePerDay : M_sq_km _day

«constraint»

aSC1 : AnnualSatCos t

{totcst = (spccst + lnchcst)/life}

life : yr

lnchcst : M$

spccst : M$

totcst : M$/yr

«constraint»

s H1 : ScanHeight

{scn = 2 *alt * tan(ad*0.01745/2)}

ad : Deg_dec

alt : km

scn : km

orbitalLife time  : yr

altitude  : k m

period : hour

orbit_FS : Orbit

Width : km

s cnregion : Ge ographicAre a

«constraint»

s cnRes 1 : ScanRe solution

{res = sh / pix *1000}

pix : Real

res : Meter

sh : km

«constraint»

mnLife 1 : M inLife

{life = min(life1, life2)}

life : yr

life1 : yr

life2 : yr

s canRe solution : Me ter

«constraint»

rR1 : Re solutionRe qt

{ver = if (act<= 30,1,0)}

act : Meter

ver : Real ScanRe sVe rify : Real

s pacecraftCos t : M$

flightCost : M$/yr

s canHe ight : k m

launchCos t : M $

s atLife time  : yr

e6

e8

e7

e4

e3

e2

e5

e1

e17

e10

e19

e15

e18

e9

e16

e12 e13

e20

e14
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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
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SysML in Telescope Modeling

Robert Karban

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

use some of their material
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60

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
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About SE^2

• 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)
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ESO’s sites

◼ Paranal (2600 m)

◼ La Silla (2400 m)

◼ Chajnantor (5000 m)

HQ

Chajnantor

Paranal

La Silla

62
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ESO major projects

Very Large Telescope (VLT)

Started 1988, in operation since 
1999

Atacama Large Millimeter Array 

(ALMA)

Europe-US-Japan

Started 1998, installation starting 

now
Images on this slide were produced by ESO
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APE was installed at telescope in 

Atacama desert, Chile.

Images on this slide were produced by ESO
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What is the challenge project about?

◼ System case study

◼ APE technology demonstrator for future 

Extremely Large Telescope (ELT)

◼ High-Tech interdisciplinary opto-

mechatronical system in operation at 

Paranal observatory

◼ Goals

◼ Create modeling guidelines and 

conventions for all system aspects, 

hierarchy levels, and views

◼ Create fully fledged SysML model

◼ Documented at 

http://mbse.gfse.de
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What have we 

achieved?

◼ APE model, guidelines and best practices:

◼ Model Organization

◼ Style, Layout Naming Conventions

◼ System Views

◼ Requirements and Use Case Modeling

◼ Structure, Interface, and Behavior Modeling

◼ Non-functional Aspects Ontologies, Part Catalogs

◼ Variant Modeling

◼ Integration with other Disciplines

◼ Cross-cutting the model and Traceability

◼ Domain Specific Model Extensions

◼ Model, Model library and SE Profile

◼ Plug-in for modeling tool

◼ Input for tool vendor and SysML RTF

Cookbook for MBSE with SysML
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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

67



International Workshop
28 Jan – 2 Feb 2011

Phoenix, AZ, USA

What we want to have: The E-ELT

Images on this slide were produced by ESO

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

• Exciting science: extra 
solar planets and discs, 
galaxy formation, dark 
energy/dark matter, and 
frontiers of physics.

• If approved construction 
could start in 2012 with 
beginning of operations 
2020-2022
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Early adopters of MBSE

• 10000 tons of steel and glass

• 20000 actuators, 1000 mirrors

• 50000 I/O points, 700Gflops/s, 17Gbyte/s

• Many distributed control loops, excessive control strategy 

• Applying SysML/MBSE for the Telescope Control System
Images on this slide were produced 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)
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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
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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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