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Agenda -
 

Outline

* OMG SysML
 

Background

* Feature 1:
Systems Engineering By the Book series for 2008
Book review of “Systems Engineering with SysML/UML”
by Tim Weilkiens

* Feature 2:
Using SysML

 
to Develop a Spacecraft Specification and Design

Model, Part 2

Presenter
Presentation Notes
Systems Engineering with SysML/UML is the first commercially available to discuss the Systems Modeling Language (SysML). It was originally written in German. The focus of this presentation is its more recent English translation.



Part 1 was presented in September 2006 as an overview of what I planned to do for my final project for graduate school. At that time, I reported that it was my intention to report on my project results as Part 2. This presentation satisfies that intent.
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OMG SysML
 

Introduction
• OMG SysML is a modeling standard created by the Object Management Group
(OMG) as an extension of their Unified Modeling Language™ (UML®)

 OMG has been an international, open membership, not-for-profit computer
industry consortium since 1989.

• Recognized a need/benefit to apply a modeling language similar to UML to be used
by systems engineering organizations for systems consisting of both hardware and
software
• OMG and INCOSE jointly developed the UML for Systems Engineering (SE)
Request For Proposals (RFP) to solicit feedback concerning the requirements for
extending UML to support the needs of the SE community
• OMG released the RFP in March 2003
• SysML Specification was developed in response to these requirements by tool
vendors, end users, academia, and government representatives

– SysML Specification 1.0 was released in May 2006
– OMG trademarked SysML

• OMG SysML reuses a subset of UML 2.0 and provides additional extensions
needed to address the requirements in the UML for SE RFP
• Modeling tool companies are developing their SysML tools
• SysML Revision Task Force currently working on SysML Version 1.1 (2008)

Presenter
Presentation Notes
Sources:

http://www.omg.org/

http://www.omgsysml.org
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OMG SysML Diagram 
Taxonomy 

OMG SysML Diagram

Requirement
Diagram

Behavior
Diagram

Activity
Diagram

Structure
Diagram

Sequence
Diagram

State Machine
Diagram

Same as UML 2

Block
Definition
Diagram

Internal Block
Diagram

Package
Diagram

Parametric
Diagram

Use Case
Diagram

Modified from UML 2

New diagram type Source: OMG SysML Tutorial, 11 July 2006, pg 18

Presenter
Presentation Notes
This is the OMG SysML diagram taxonomy which was recently adopted by the OMG.on July 6, 2006 as part of the OMG Systems Modeling Language (OMG SysML).

Bold boxes indicate diagrams which have been modified from the UML 2.0 diagrams.

Broken line boxes indicate new diagrams (not a part of UML 2.0).

The other boxes indicate the diagrams which are the same as the diagrams in UML 2.0.

OMG SysML does not use all of the UML diagram types such as the object diagram, communication diagram, interaction overview diagram, timing diagram, and deployment diagram.



The system structure is represented by block definition diagrams and internal block diagrams.



The package diagram is used to organize the model. (can be used almost like a table of contents but without the page numbers)



The behavior diagrams include the use case diagram, activity diagram, sequence diagram, and state machine diagram.



The requirements diagram captures requirements hierarchies and requirements derivation, and the satisfy and verify relationships allow a modeler to relate a requirement to a model element that satisfies or verifies the requirements.

 The requirement diagram provides a bridge between the typical requirements management tools and the system models. 

 

The parametric diagram represents constraints on system property values such as performance, reliability, and mass properties, and serves as a means to integrate the specification and design models with engineering analysis models.



Source: http://www.omgsysml.org
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Systems Engineering with SysML/UML: 
Modeling, Analysis, Design

By Tim Weilkiens
Morgan Kaufmann OMG Press, 2008

English edition, 320 pages
ISBN: 978-0-12-374274-2 (softcover)
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Review Objectives

• Provide enough information for the attendees to
answer question: “Would I be interested in
obtaining and reading this book?”

• For all attendees, regardless of whether they
decide to obtain the book or not, provide some
information from the books that they may find
useful
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About the Author

Tim Weilkiens
• Coach and advisor at oose

 
Innovative Informatik

 
GmbH, a leading

German consultancy devoted to information technology for business
• Head of systems engineering
• Been involved with object-oriented software development since 1991
• Member of OMG working groups about SysML

 
and UML

• Wrote sections of the SysML
 

specification
• Considered to be one of the top ten UML experts in the world
• Other books: UML 2 Certification Guide, other titles only in German
• More information at his website: www.system-modeling.com

 Can download his SysML
 

reference card
• E-mail: twe@system-modeling.com

Presenter
Presentation Notes
I found two papers from Tim Weilkiens: 
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Table of Contents

Forward (by Richard M. Soley, Chairman and CEO of the OMG)
Author Biography

Chapter 1: Introduction
Chapter 2: The Pragmatic SYSMOD Approach
Chapter 3: UML –

 
Unified Modeling Language

Chapter 4: SysML
 

–
 

The Systems Modeling Language
Chapter 5: Systems Engineering Profile –

 
SYSMOD

Glossary
References
Index

Presenter
Presentation Notes
Glossary contains 9 pages of terms and their definitions. Each of the terms is identified as whether it is used in UML, SysML, or SYSMOD.



References section contains a listing of 64 related references.
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Chapter 1 Highlights

Chapter 1: Introduction
* Addresses the following:

1) Why was the book written?
-

 

Need for a modeling language to address complex and distributed

 

systems
-

 

As a result of his involvement in developing SysML

 

specification
-

 

To communicate his SYSMOD toolbox for system modeling
2) What is systems engineering?

-

 

Explains the SIMILAR process (State the problem, Investigate alternatives, 
Model system, Integrate, Launch the system, Assess performance, Re-evaluate)
-

 

Systems engineer is the connecting link between the project disciplines
-

 

Systems engineering has evolved due to lack of oversight by only one person
3) How do SysML

 

and UML relate to each other?
-

 

Explains the differences between the two languages (e.g., modified, new diagrams)
-

 

SysML

 

needed to address multidisciplinary developments, beyond UML’s

 

utility
4) How does the content of the book relate to CMMI, V model, and

 

AUTOSAR?
-

 

Good SysML

 

models and the processes that create them help to meet the CMMI
quality criteria
-

 

V model provides instructions not provided in SysML

 

that can be used in projects
-

 

SysML

 

can be used to model a system according to the Automotive Open
System Architecture (AUTOSAR) architecture

Presenter
Presentation Notes
 Complex and distributed systems containing hardware, software, external interfaces, and environments

 For the SIMILAR process, he discusses each of the tasks.

UML-SysML differences discussed

 UML classes  SysML blocks

 UML class diagram  SysML block definition diagram

 UML composite structure diagram  SysML internal block diagram

 Item flows in the internal block diagram

 Support of Enhanced Functional Flow Block Diagrams (EEFBD) and continuous functions by action and object nodes in activity diagrams

 New SysML diagrams: Requirements and Parametric diagrams

 Support of the neutral ISO AP-233 data format for exchanging data between different tools

 Explicit omission of UML elements that are not needed in systems engineering  (e.g., software-specific components)



 CMMI = Capability Maturity Model Integration
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Chapter 2 Highlights 

Chapter 2: The Pragmatic SYSMOD Approach
* Describes the System Modeling (SYSMOD) approach used to collect and model the
requirements to a system, and to derive a design that meets these requirements

act Analysis

Project Context Determine Requirements

Create Glossary

Model Use Cases

Model Domain Knowledge

Domain Knowledge

Use Cases

Use Cases [Object Flow]

Project Context

Describe Project Context

System Context GlossaryDomain Knowledge

Use Cases

System Processes

Requirements

Requirements

Project Context

Glossary

Requirements

Model System Context

Requirements

System ContextRequirements

System
Processes
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Chapter 2 Highlights (2) 

Chapter 2: The Pragmatic SYSMOD Approach

 

(Cont’d)

• Each activity is decomposed into sub-activities in a figure
• Each activity is explained in a reference card provided in a table

 Identifies incoming and outgoing data
 Provides motivation/description (Why? What? How? Where?)
 Asks guiding questions
 Lists the minimum set of SysML

 

elements needed

act Realize use cases

Use Cases System Context

Model System/Actor Interaction

Derive System Interfaces

Model System Structures

Derive State Model

System Structures

System Structures [with State Machines]Use Cases [detailed]

Use Cases
System Structures

System Context [interfaces]
System Context [interaction Points]

System ContextUse Cases

Interaction Model [System/Actor]
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Chapter 3 Highlights

Chapter 3: UML –

 

Unified Modeling Language
* Discusses only those UML elements and their contents that are also used in SysML

-

 

Uses UML terminology (reader has to convert to SysML

 

terminology)
* Recommends “The Unified Modeling Language Reference Manual”, 2nd

 

ed. by Rumbaugh,
Jacobson, and Booch

 

for a full description of UML
* Provides history behind Unified Modeling Language (UML)

-

 

Evolved from the rise of object-oriented programming languages
* Distinguishes between model (the full description of the system) and diagram (visualization

of the model with regard to a certain aspect)
* Addresses the following diagram types and their contents:

-

 

Class diagram ( SysML Block Definition diagram)
-

 

Composite Structure diagram ( SysML Internal Block diagram)
# Added in UML 2

-

 

Use Case Diagram
-

 

Activity diagram
-

 

State Machine diagram
-

 

Interaction diagrams ( SysML only uses Sequence diagram type)
-

 

Package diagram

Presenter
Presentation Notes
Chapters 3 and 4 together represent the entire SysML language.
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Chapter 4 Highlights

Chapter 4: SysML

 

–

 

The Systems Modeling Language
* Explains that SysML

 

came about because Systems Engineering did not have a uniform
modeling language that was independent of specific disciplines

 

like software, hardware, or
mechanics

* SysML

 

grew out of UML; UML well established and extensible; not all of UML included
* Describes SysML

 

elements that extend UML
* Addresses the following diagram types:

-

 

Requirement Diagram (relate to other requirements, blocks, use cases, test cases)
-

 

Block diagrams (Classes Blocks)
# Block definition for black box; Internal block for white box views

-

 

Parametric Diagram (defines parametric relationships between block properties)
-

 

Use Case Diagram (unchanged)
-

 

Activity Diagram (supports continuous object flow)
-

 

State Machine Diagram (unchanged)
-

 

Sequence Diagram
-

 

General Modeling Elements
# Rationale
# Model View and Viewpoint

Presenter
Presentation Notes
Chapters 3 and 4 together represent the entire SysML language.



Model view (the view of a system from a defined viewpoint) (e.g., SIRTF structure view) and viewpoint (structure of the view) (e.g., spacecraft structural viewpoint)
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Chapter 5 Highlights

Chapter 5: Systems Engineering Profile -

 

SYSMOD
* Discusses the language extensions (stereotypes) that together make up the SYSMOD 

Profile needed in the SYSMOD approach discussed in Chapter 2 
-

 

SYSMOD Profile extends the SysML

 

language
-

 

Extensions that do not belong to either SysML

 

or UML language standards
* Extends UML “actor”

 

categories to include: “environmental effect”, “external 
systems”, and “stakeholder”

* Extends “external systems”

 

to include: “user system”, “boundary system”, “actuator”, 
“sensor”, and “mechanical system”

* Extends SysML

 

“requirement”

 

to include: “extended requirement”; adds properties –
priority, obligation, stability, type, risks

* Extends UML “activity”

 

to include: “essential activity”

 

to ensure essential activities are 
directly visible in the diagram

* Extends SysML

 

“block”

 

to include: “domain block”

 

for object, concept, location, or 
person from real-world domain; “system”; “subsystem”; “system context element”

* Extends UML “use case”

 

and “activity”

 

to include: “continuous use case”, “secondary 
use case”, and “system process”

Presenter
Presentation Notes
* “Extends” means to add stereotypes onto existing elements

* Environmental effect – a factor from the environment that influences the system without communicating with it directly; stereotype of UML actor (?)

* External Systems – a system that interacts directly with the system to be modeled; seen as a black box; stereotype of UML actor (not all?)

* Stakeholder – a person or institution that has an interest in the system, potentially contributing requirements

* User system – Serving a user as a medium to interact with the system

* Boundary system – Serving another external system as a medium to interact with the system

* Actuator – Serves the system to influence its environment

* Sensor – Accepts information from the environment and forward it to the system

* Mechanical system – has only mechanical aspects from the system’s view

* Extended requirement – extends the requirement in question by the listed properties (priority – how important is this requirement; obligation – obligatory or desireable; stability – will it change or be stable; type – from user spec or system spec; risks – what risks hide behind the requirement.

* System – Largest block in a system is the system itself; emphasized by stereotype <<system>>

* Subsystem – a closed unit within a larger system

* System context element – a virtual wrapper around the entire system and its actors

* Continuous use case – starts in a defined system state and continuously supplies results

* Secondary use case – an incomplete use case fragment; lacks a domain trigger, a result, or an actor

* System process – a flow across use cases; consisting of a set of use cases that have a domain-logical sequence
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What I Learned

• External interfaces may need to be separated into behavioral and
structural components.

 Structure component is transport layer, the already designed
medium for the interface (i.e., a design constraint)

 Behavioral component is application layer, to be designed
* Potential actors in behavioral diagrams

• Example: TDRS satellite for relay communications between
spacecraft and ground control

Mission Control

TDRS
Terminal

TDRS Satellite

Hubble Space Telescope

Transport Layer

Application Layer

Commands, Data, Telemetry

• Frequency
• Data rate
• Modulation
• Polarization
• Bandwidth

Presenter
Presentation Notes








Other issues still yet to be resolved: If the spacecraft only receives signals like from a GPS satellite or measures sunlight, is the GPS satellite an actor? Likewise, is the Sun an actor? Or are they only external interfaces or just part of the environment?



With software, all of its external interfaces are behavioral. With SysML, not all of the external interfaces are behavioral. There are also structural, electrical, EMC, others?
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What I Learned (2)

<<block>>

Hubble
Space

Telescope

<<block>>

TDRS
<<block>>

Mission
Control

<<block>>

Hubble
Space

Telescope

<<block>>

TDRS

<<block>>

Mission
Control

<<use case>>

TDRS

Mission Control

Receive &
Execute

Commands

Provide Health
& Status Data

HST

Presenter
Presentation Notes
Instead of representing the HST, TDRS, and Mission Control as they physically appear in the system overview diagram, the interfaces can be depicted separately based on their structural (transport layer) and behavioral (application layer) nature.



So when you go from the Block Definition Diagram (BDD) to a Use Case Diagram, then Mission Control can be depicted as an actor whereas the TDRS is eliminated as an actor candidate.



Other issues:

* Environments (e.g., Sun, stars) as actors (?)

* GPS satellites as actors or just external interfaces (?)
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Summary and Assessment

Summary:
• Introduced his SYSMOD approach
• Discussed UML elements that apply to SysML
• Discussed SysML

 
elements and UML extensions

• Explained the SYSMOD extensions to SysML

Assessment:
• Overall, well-written book; some possible translation issues
•

 
Written more as a toolbox and not strong on how to put the tools 

together

Recommendation:
•Add this book to your SysML

 
library but don’t have it as your only 

SysML
 

book/reference
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Purchasing Information

Where to obtain “Systems Engineering with SysML/UML”
 

as
reviewed here:

• www.amazon.com
– New list price -

 
$44.96

– 30 copies used (as of 06 August 08)
– Price for used copies start at $40.63

• www.barnesandnoble.com
– New list price -

 
$49.45 (Member price -

 
$44.95)

– 2 copies used (as of 06 August 08)
– Price for used copies start at $48.45

Presenter
Presentation Notes
I got my copy in May 2002 through amazon.com. I don’t remember what I paid for it.



I didn’t check to see if any of the used book sellers were the same on each list.
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Other SysML References
• The official OMG SysML web site (http://www.omgsysml.org)

– SysML specifications
* OMG SysML Specification v1.0, dated September 2007

– Publications
* Tutorials

OMG SysML Tutorial June 2008 (INCOSE Symposium 2008)
* Papers
* Presentations
* Articles
* Books (see next chart)

 Vendors
 Related Links

• Other SysML-related papers can be found by web search
• Number of SysML related papers in the INCOSE Symposium proceedings
• SysML-related papers are also available in INSIGHT and SE Journal

Presenter
Presentation Notes
If you would like to read more about SysML, …

The OMG SysML web site provides a lot of information and resources about SysML. Listed here are some of the references you can either review on-line or download from the OMG SysML web site.

If you do a web search for “SysML”, you’ll find a number of other sources for SysML papers.

Other papers are also available through INCOSE sources: symposium proceedings, INSIGHT, Systems Engineering journal



Also, OMG SysML Specification v1.1 has been submitted to the OMG for approval.
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Other SysML References (2)
• Other SysML Books Now Available

– “A Practical Guide to SysML: The Systems Modeling Language”
* Authors: Sanford Friedenthal, Alan Moore, and Rick Steiner
* Available from Amazon.com for $53.96
* Published by Morgan Kaufmann/OMG Press (July 25, 2008)

– “Sysml for Systems Engineering: The Emperor’s New Modelling 
Language”

* Authors: John Holt and Simon Perry
* Available from Amazon.com for $98.77
* Published by Inspec/Iee (May 30, 2008)
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Using SysML
 

to Develop a 
Spacecraft Specification and Design 

Model, Part 2

Presenter
Presentation Notes
This is the title for my AERO 599 Final Project. OMG is the Object Management Group. SysML is the Systems Modeling Language. It was conducted over the Fall Quarter 2006 and Winter Quarter 2007. My LM mentor has been Sanford (Sandy) Friedenthal and my faculty adviser has been Dr. Marshall. Sandy is the lead for the corporation for SysML.

“Specification and Design Model” was a suggestion from Sandy; it indicates that the model can be used to specify the requirements for a spacecraft and/or to develop the design for a spacecraft.
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Agenda
• Project Background
• Project Report Outline
• Project Scope
• Project Process Flow
• Requirements Matrix Example
• Model Worksheet Example
• Project Results
• Sample Diagrams
• Flight Software Subsystem Shared Associations
• Personal Accomplishments
• Lessons Learned

Presenter
Presentation Notes
“Sample diagrams” include each of the diagram types that I was able to include at least one instance in the report: Package, Block Definition, Internal Block, State Machine, Use Case, Activity
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Project Background

• Graduated in 2007 from Lockheed Martin/Cal Poly –
 

San Luis
Obispo distance-learning graduate program for Aerospace
Engineering

 Specialized in Space Systems Engineering
• Graduate degree required completion of a final project

– Choose a topic of interest to us and work-focused/practical
– Find a mentor within Lockheed Martin to oversee the work
– Arrange for a faculty advisor who would be involved to help

with project administration and to give a grade for the project
– Provide project presentation to faculty review committee
– Submit project report for review and final submission to Cal Poly

library
– Had to clear the report for release from Lockheed Martin

• Presented my project concept and plans in September 2006
• Presenting project results in August 2008

Presenter
Presentation Notes
Final project was a thesis-like effort except we got to work on a topic of our own interest instead of a project of interest to our faculty advisor.



Project should be of benefit to Lockheed Martin [LM]



We had to ask other faculty members to be members of the faculty review committee.



Report had to be formally accepted by the library in order to graduate.
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Project Report Outline
• Title Page
• Authorization for Reproduction
• Approval Page
• Abstract
• Acknowledgments
• Revisions Page
• Table of Contents
• List of Tables
• List of Figures
• Chapter 1 –

 

Introduction
• Chapter 2 –

 

Project Background
• Chapter 3 –

 

Spacecraft Model
• Chapter 4 –

 

Findings and Interpretation
• List of References
• Appendix A –

 

Infrared Space Observatory (ISO) Requirements
• Appendix B –

 

Mars Global Surveyor (MGS) Requirements
• Appendix C –

 

Advanced Composition Explorer (ACE) Requirements
• Appendix D –

 

Spacecraft SysML

 

Model Worksheets

Presenter
Presentation Notes
Final project was a thesis-like effort except we got to work on a topic of our own interest instead of a project of interest to our faculty advisor.



We had to ask other faculty members to be members of the faculty review committee.



Report had to be formally accepted by the library in order to graduate.
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Space System Hierarchy 
for Project Scope 

Space System

Ground
Segment

Space Segment

Command
& Data

Handling
Subsystem

Launch
Segment

Unmanned Spacecraft

Spacecraft Bus
Sub-element

Payload
Sub-element

Electrical
Power

Subsystem

Attitude Determination
& Control Subsystem

Flight
Software

Subsystem

Communications
Subsystem

Thermal
Control

Subsystem

Structures & Mechanisms
Subsystem

GSE
Element

Propulsion
Subsystem

Presenter
Presentation Notes
This chart shows the hierarchy of a Space System from the system level down to the spacecraft subsystem level. Due to the limit on the amount of time that the project could be worked and a perception of how much work is involved, I limited the scope of the project to address only the Satellite level, the Spacecraft Bus sub-element, and the Spacecraft Subsystems levels; that’s why these boxes are highlighted. Only information about unmanned satellites will be used.



The Payload sub-element would be the mission-specific payload. For a communications satellite, it would be the communications package. For an astronomy mission, it would be a telescope and its instruments. For a remote-sensing mission, it would include the mission sensors.



The GSE Element includes ground support equipment that is used to assemble, integrate, test, and prepare the satellite for launch. GSE includes both mechanical GSE and electrical GSE. The electrical GSE may also include its own software.



Any software is apportioned as part of the subsystems where applicable.
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Project Process Flow

Develop
Project

Proposal

Obtain
Company

Mentor

Obtain
Faculty
Advisor

Present Project
Plans to Local

Chapter of
INCOSE

• ISO Spec
• MGS Spec
• ACE Spec

Submit
Project

Report for
Approval

Meet With
Company

Mentor

Develop
And Brief
Project

Presentation

Extract
Requirements

Extract Info
From Other

Sources
Learn How to

Develop SysML
Diagrams With Visio

Develop Report
Outline, Text,

Artwork

Develop
Worksheets
for All Levels
• States and Modes
• Functions
• Attributes
• Components
• Interfaces

Develop
SysML

Diagrams
• Spacecraft Domain
• Unmanned Spacecraft
• Spacecraft Bus
• Spacecraft Bus
Subsystems (x8)

Integrate
Diagrams
In Outline
With Text, 
Artwork 

• SysML

 

Documentation
• INCOSE Tutorial
• Mentor Telecons

Presenter
Presentation Notes
This is the process flow for the project.

 Developed my project proposal during Summer 2006.

 Used that proposal to help identify my mentor from within Lockheed Martin and my faculty advisor from with the Cal Poly Aerospace Department.

 In September 2006, I was the quest speaker at the monthly meeting of the local INCOSE chapter. I briefed my project plans as Part 1 to the attendees in order to stimulate questions and comments from the audience. Part 2 with results in the Spring/Summer 2007 timeframe.

 Met with my mentor in late September; he had me concentrate more on learning how to develop diagrams rather than extracting data for input into the diagrams; provided personal SysML training starting with some diagrams at the spacecraft domain level

 Extracted requirements from these specs (non-proprietary, obtainable from outside sources, and available in soft copy) (MGS and ACE specs downloaded from the internet; ISO spec provided by the ISO program via ISO Helpdesk while I was working on the SIRTF program.

 Extracted information from other sources (e.g., papers, articles, books, standards)

 Documented information from spec and other sources into Appendix D format

 Learned how to develop diagrams from SysML documentation, INCOSE tutorial, mentor telecons and e-mails, and a lot of trial and error

 Developed diagrams using Appendix D as inputs

 Developed report outline, text, and artwork, including text describing each diagram

 Integrated diagrams with project text and artwork

 Submitted project report for review and comment; update as necessary (Update 1) (product)

 Developed and currently briefing project presentation (product)

 Needed also to clear the report for release through Lockheed Martin since it will be submitted to the Cal Poly library
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Requirements Matrix Example

A.3 ISO Spacecraft Bus Level Requirements
Source: ISO System Specification, ISO AS 1400 SP 0090, Issue 04,

 

Rev. B

Name Role Requirements Section 
No.

Used 
?

ISO 
Service 
Module 
(SVM)

Space-

 
craft 
Bus 
Sub-

 
Element

Functional Requirements: The Service Module shall provide 
the following functions:
-

 

structural support and SVM thermal control
-

 

control and measurement of satellite attitude and orbit control
-

 

electrical power generation, conditioning, storage and 
distribution
-

 

shadowing of the PLM from direct sun light
-

 

radio frequency transmission/reception with the ground
-

 

data handling for distribution of ground and onboard 
commands and sampling/formatting of telemetry data
-

 

interfaces with the launcher and support of the PLM
-

 

distribution of all electrical signals through an SVM harness.

Sec 3.3.2 X

Service Module Requirements: The Service Module (SVM) 
consists of a load carrying primary structure, of a secondary 
structure and of the equipments and parts of the subsystems 
necessary for the ISO mission.

Sec 3.10

Presenter
Presentation Notes
 To start building a collection of spacecraft information upon which to form a foundation for the development of the SysML diagrams, I extracted information from the requirements in the spacecraft-level specifications for the Infrared Space Observatory (ISO), Mars Global Surveyor (MGS), and the Advanced Composition Explorer (ACE) programs; Appendices A, B, and C, respectively.

 In the text of the requirement in the appendices, the portions that were extracted into the worksheets of Appendix D are underlined.

 For each requirement that has a portion of its text underlined, an “X” was placed in the “Used?” column.

 This process identifies which requirements and how much of the requirement were extracted into Appendix D.

 This will make it easier to go back to identify and review at a later date those requirements from which no information was extracted in order to re-evaluate them for data extraction.

 It also makes it easier to review those requirements from which a portion of their text was extracted to determine if any more of that requirement can be used.
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Model Worksheet Example
D.3.3.1 ADCS States and Modes Worksheet

ADCS
States and Modes

References

A B C D E F G H I

Off State

On State

Star Acquisition Mode X

Fine Pointing Mode X

Calibration Mode X

AOCS programmable pointing mode X

Survival mode X

Launch Mode X

Prepare to Control Mode X

Detumble

 

Mode X

Sun Search Mode X

Sun Hold Mode X

Home Base Mode (Control Submode) X

Home Base Mode (Knowledge Submode) X

Attitude Control Disabled Mode X

Ref A: ISO System Specification
Ref B: Hackney, John C., Douglas E. Bernard, and Robert D. Rasmussen, “The Cassini

 

Spacecraft:
Object Oriented Flight Control Software,”

 

Jet Propulsion Laboratory, AAS 93-033, 1993.

Presenter
Presentation Notes
 The extracted requirements and the data from other types of sources were used to develop worksheets for all levels of the model.

 The current form of these worksheets can be found in Appendix D; here’s an example.

 These worksheets categorized the information as States and Modes, Functions, Attributes, Components, and Interfaces for each level, where applicable.

 Each worksheet has a listing on the left of the extracted information for that category. 

 The “X”s in the cells under each reference letter identifies from which reference the information came from.

 Then at the bottom of the worksheet, it identified at least the title of the document each of the references.

 The use of the worksheets not only helped to organize the information but also helped to keep track of the references used in the process.

 Each of the worksheets has columns for References A through H as a means of standardizing their format even though that many references may have not been included so far.
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Project Results
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OMG SysML Diagrams
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Presenter
Presentation Notes
 Total of 45 SysML diagrams developed over the course of this project.

 Table 4.1.1 shows the number of each type of diagram for each level/subsystem developed for this project.

 By level: 11 diagrams developed for the Spacecraft Domain level, 9 for the Unmanned Spacecraft level, 5 for the Spacecraft Bus level, 20 for the Subsystem level.

 By diagram: 1 activity diagram, 4 use case diagrams, 3 state machine diagrams, 20 block definition diagrams, 3 internal block diagrams, and 14 package diagrams.

 Diagrams not included: parametric, requirement, and sequence diagrams 

 Not omitted on purpose but as a result of the time constraint on the project.

 Requirements in Appendices A, B, and C that are determined to be common among spacecraft are potential inputs into the development of requirements diagrams for this model.

 The external forces that were identified in the spacecraft environment diagrams in Section 3.1 are potential candidates to be developed into parametric diagrams.

 Appendix D has more information than was used to develop diagrams

 More block definition diagrams were envisioned to show the attributes fro each level and subsystem

 I still have a pile of references that haven’t made it into Appendix D yet.

 To develop these diagrams and to put together this report, I had to learn some new skills or rekindle previously acquired skills.
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Block Definition Diagram (bdd)
 System Hierarchy Example 

bdd UnmannedSpacecraft

«block»
Spacecraft 

Bus

«block»
Structures & 
Mechanisms 
Subsystem

«block»
Electrical 

Power 
Subsystem

«block»
Thermal 
Control 

Subsystem

«block»
Propulsion 
Subsystem

«block»
Attitude 

Determination & 
Control Subsystem

«block»
Communications 

Subsystem

«block»
Command & 

Data Handling 
Subsystem

«block»
C&DH 

Hardware

«block»
C&DH 

Software

«block»
Propulsion 
Software

«block»
Propulsion 
Hardware

«block»
ADCS 

Software

«block»
ADCS 

Hardware

«block»
Communications 

Software

«block»
Thermal 
Control 

Hardware

«block»
Communications 

Hardware

«block»
Thermal 
Control 

Software

«block»
Structures & 
Mechanisms 

Hardware

«block»
Structures & 
Mechanisms 

Software

«block»
Electrical 

Power 
Hardware

«block»
Electrical

Power 
Software

«block»
Flight

Software 
Subsystem

«block»
Unmanned
Spacecraft

«block»
Payload

«block»
FSW 

Software

Presenter
Presentation Notes
 The following BDDs are examples of diagrams that are reusable for any spacecraft system; overall hierarchy, environments, external interfaces, and subsystem technologies.

 A block definition diagram describes the system hierarchy and system/component classifications. (www.omgsysml.org)

 This example of a SysML block definition diagram (Figure 3.2.2) shows the hierarchy for the Unmanned Spacecraft Level.

 The hierarchy shows that the Unmanned Spacecraft element is broken down into the Spacecraft Bus and the mission Payload.

 The Unmanned Spacecraft includes the capabilities of a mission Payload, but, to the Spacecraft Bus, the mission Payload is an external interface.

 The Spacecraft Bus is further broken down into its subsystems.

 Each subsystem is apportioned into its hardware and software except for the Flight Software Subsystem which only contains software.
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Block Definition Diagram (bdd)
 Environment Example

Presenter
Presentation Notes
 Here’s another example of a block definition diagram (Figure 3.1.6) showing a listing of environments for spacecraft systems.

  This diagram is reusable for any spacecraft project.

 All of these environments may not be applicable to all missions. At least it provides a menu from which to choose the environments for a particular spacecraft system; it could be easily updated as new information becomes available.
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Block Definition Diagram (bdd)
 Environment Example (2)

bdd SpaceEnvironmentTaxonomy(Pre-Launch)

«block»
Space Vehicle 
Environment

«block»
Pre-Launch 

Environment

«block»
Transportation
Environment

«block»
Air 

Pressure

«block»
Shock

«block»
Temperature

«block»
Vibration

«block»
Electromagnetic 

Radiation
Environment

«block»
Intensity

Level

«block»
Frequency 
Spectrum

«block»
Atmosphere 
at Launch 

Site

«block»
Temperature

«block»
Humidity/
Moisture

«block»
Facilities

Environment

«block»
Airborne

Particulates

«block»
Wind

Speed

«block»
Temperature

«block»
Humidity

«block»
Particulates

«block»
Humidity

«block»
Ambient 

Air 
Pressure

Sources can 
include ground 
tracking radar, 
communication 
link, or lightning 
emissions at the 
launch site.

«block»
Exposure

Duty Cycle

Facilities at the 
factory and at 
the launch site.

Transportation 
between the factory 
and the launch site 
and between facilities 
at the launch site.

Presenter
Presentation Notes
 Here’s another example of a block definition diagram (Figure 3.1.7) showing a listing of environments for spacecraft systems.

  This diagram is also reusable for any spacecraft project.

 All of these environments may not be applicable to all missions. At least it provides a menu from which to choose the environments for a particular spacecraft system; it could be easily updated as new information becomes available.
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Block Definition Diagram (bdd)
 External Interface Example

Presenter
Presentation Notes
 Here’s another example of a block definition diagram (Figure 3.1.5) showing a listing of external interfaces for spacecraft systems.

  This diagram is reusable for any spacecraft project; at least it provides a menu from which to choose the external interfaces for a particular spacecraft system; it could be easily updated as new information becomes available.

 Usually these objects are external interfaces because they are usually already in existence or their development is paid for by someone else (customer or other agency).
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Block Definition Diagram (bdd)
 Subsystem Example

«block»
Attitude Determination 
& Control Subsystem

«block»
ADCS Software 

«block»
ADCS Hardware

bdd AttitudeDeterminationControlSubsystem
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Measurement 
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Presenter
Presentation Notes
 Here’s another example of a block definition diagram (Figure 3.4.3.2) showing a hierarchy for the ADCS.

 The hierarchy shows that the ADCS is broken down into hardware and software components.

 This diagram as with the other subsystem diagrams are reusable for any spacecraft bus project; at least it provides a menu from which to choose the hardware components for a particular spacecraft; it could be easily updated as new technologies become available.

 To further decompose these components into lower level items would go beyond the scope of this model and involve identifying specific designs.

 However, the diagram does try to show what different types of hardware technologies are available for inclusion in the ADCS design.

 For the software component, the diagram shows that it is shared between the ADCS and the FSW Subsystem. 
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FSW Subsystem
 Shared Associations

bdd FlightSoftwareSubsystem

Presenter
Presentation Notes
 One of the problems to deal with was how to depict the Flight Software (FSW) Subsystem since the other diagrams showed the different parts of software flowing down from the other subsystems.

 This block definition diagram (Figure 3.4.8.2) shows that the FSW Subsystem is made up of the software components derived from and shared with the other subsystems that include software.

 As represented here, the FSW Subsystem shares the various software elements with the other subsystems; shared association.

 It is up to each spacecraft design to determine whether all of these software components should run on a single processor or be allocated among more than one processor.

 Another example of share association is the sharing of the thrusters between the Propulsion Subsystem and the ACS if the thrusters are used for attitude control like during Safe Mode.
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Personal Accomplishments
Over the course of this project, I accomplished a number of different activities:
• Developed a set of SysML

 

diagrams to form the foundation for a SysML-based
model for generic spacecraft
• Learned how to use Microsoft Visio (Visio Standard 2003)
• Learned how to download and employ the SysML

 

stencils for Visio 2003
• Learned to develop a variety of SysML

 

diagrams.
• Learned how to use pdf

 

conversion software (ScanSoft

 

PDF Converter Professional
4)

– To convert Visio diagrams to pdf

 

format
– To convert Word version of this report to pdf

 

format
– To convert ACE Spacecraft Specification from pdf

 

format to Microsoft Word
• Developed my own process to document extracted information from

 

the various
specifications and other references and correlate the information with their source in
the Appendix D format.
• Read a number of sources on information (e.g., specs, papers, articles, standards)
previously unread
• Learned to apply “Form & Style”

 

format guidelines

Presenter
Presentation Notes
* Visio diagrams were very easy to paste into Microsoft Office Word and PowerPoint software.

* The pdf version of the ACE Specification would not allow highlighting and copying text from its file.

Listing of the various potential follow-on activities:

* Develop missing diagram types for each level and subsystem where applicable

* Add information to the model gathered from other collected references

* Be on the look out for other references in the future that can add value to the model.

* Expand the model to include payloads

* Expand the model to include the spacecraft bus subsystems that are unique to

landing on and exploring a moon and/or planet

* Expand the model below the subsystem level to include models for the assembly

level (i.e., black boxes) and the component level (i.e., cards)

* Take another look at the following types of requirements in Appendices A, B, and

C for usability in the model:

 Requirements not used

 Requirements where only a portion of the requirement was used

 * Brief the SFBAC of INCOSE on the results of the project

 * Develop a paper and present it at a future INCOSE Symposium
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I I SysMLSysML

Presenter
Presentation Notes
After this presentation, you just got to love it.
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Presenter
Presentation Notes
It is so good even a caveman likes SysML, too!



If anyone wants a copy of the report and/or the Visio diagrams that went into it, contact me.

Report available in Word (.doc) (15 M) or in pdf (3 M)
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Backup Charts
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Model Development Lessons Learned

For successful model development, four types of knowledge/
experience is needed:

• Language (diagrams, symbology)

• Process

• Modeling Tool (Visio, Rhapsody)

• Domain knowledge (spacecraft, aircraft, ship, IT, etc.)
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Use Case (uc) Example
uc SpacecraftUseCase[Pre-Launch Mode]

UnmannedSpacecraft

Receive
Telemetry

Cool the 
Spacecraft

Send
Commands

 Mobile Service
Tower (MST)

 Launch
Control

 Launch Vehicle
Contractor

 Hazardous
Processing Facility

(HPF)

 Payload
Processing

Facility
(PPF)

 Ground
Support

Equipment (GSE)

Encapsulate 
Spacecraft in 

Fairing

Hoist
Spacecraft to Top 
of LV and Attach

Transport
Spacecraft Between 

Launch Site 
Facilities

Load Fuel

Control
Environment

Provide
Lighting

Lift and
Move

Provide
Power

Send
Commands

Receive
Telemetry

Presenter
Presentation Notes
 A use-case diagram provides a high-level description of functionality that is achieved through interaction among systems or system parts. (www.omgsysml.org)

 The SysML Use Case Diagram is used to identify the actors (e.g., external systems) that the Unmanned Spacecraft is expected to interact with when it is operating in one of its modes.

 The actors are depicted as stick figures.

 The use cases are enclosed within the ovals.

 This use case diagram (Figure 3.2.6) shows the actors and their use cases while the Unmanned Spacecraft is operating in its Pre-Launch Mode (i.e., prior to liftoff).

 The use cases identify how the actors interact with the Unmanned Spacecraft.
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State Machine (stm) Example 

Presenter
Presentation Notes
 The state machine diagram describes the state transitions and actions that a system or its parts perform in response to events. (www.omgsysml.org)

 This state machine diagram (Figure 3.2.5) shows Unmanned Spacecraft’s states, modes, and transition criteria.

 The Unmanned Spacecraft can exist in one of two power states, Off and On.

 Off State whenever all power has been removed from it.

 On State whenever at least some portion of it is electrically powered whether from an external source or an internal source.

 When the Unmanned Spacecraft is in the On State, it can operate in a number of modes: Pre-Launch Mode, the Launch Mode, the Normal Mode, and the Safe Mode.

The arrow with the black dot on its end indicates that whenever the Unmanned Spacecraft transitions from the Off state to the On state, it will always start operating in the Pre-Launch Mode.

 It shows which mode transitions can be accomplished by ground command and which ones will be accomplished autonomously.

 The transitions from the top to the bottom can be accomplished by either ground command or autonomous action or both

 The transitions from the bottom to the top should only be accomplished by ground command(s)
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Utility of SysML
 

Diagrams to
 Model Satellites

• Helps prevent starting from scratch - no more reinventing
the wheel when starting a new project

• Guidelines for design development to help ensure
completeness

• Description document outline and content completeness

• Help to ensure specification development completeness

• Red Team review guide for both developers and reviewers –
completeness of proposal/proposed design

• Program knowledge base not entirely dependent on just the
knowledge of personnel working on the program

Presenter
Presentation Notes
- Can be adopted by a program, then tailor, to prevent re-inventing the wheel.

- The set of SysML diagrams may be used to determine completeness of requirements and/or design. 

- Give a spacecraft development program a way to reduce development cycle time by allowing the program to do some of its work ahead of time or reuse what has already been done.
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Package Diagram (pkg) Examples 

pkg ElectricalPowerSubsystem (by diagram)

Parametric Diagram (par) (TBS)

State Machine Diagram (stm) 
(TBS)

Sequence Diagram (sd) (TBS)

Activity Diagram (act) (TBS)

Use Case Diagram (uc) (TBS)

Block Definition Diagram (bdd)

Requirement Diagram (req) 
(TBS)

Internal Block Diagram (ibd) 
(TBS)

By Level By Subsystem By Diagram

Presenter
Presentation Notes
 The package diagram is used to organize the model. (www.omgsysml.org)

 You can use it as a kind of a “table of contents” to show what is in the rest of the model. For this project, I used the package diagram in three ways:

- To show what levels were being developed

- To show which subsystems were being developed within the Spacecraft Bus Subsystem level

- To show which diagrams may be developed for each level and subsystem
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Spacecraft System Specification 
and Design Model

SPACE SYSTEM

Object 0+
built from

Active Object Passive Object

Behavior Identification Role Attributes Structure

kinds of

Context
• Mission objectives
• Mission profile
• External Interfaces
• Environments
• Customer expectations/

benefits
• Other constraints

External Systems
interconnect

Operations

Verification

Development Trivia

All systems

Developed systems

Requirements

Performance

(if launched)

Presenter
Presentation Notes
This is the framework for an object model for a space system. A space system is built from at least one object (i.e., itself) or any number of lower level objects (i.e., segments, elements, subsystems, assemblies, etc.). Each of these objects can be described using the various views noted here.

Behavior is only applicable to active objects. The distinction between active objects and passive objects is that active objects have a power source (e.g., nuclear, electrical, mechanical, biological, chemical)

Above the dashed line, the viewpoints apply to all space system objects. Below the dashed line the viewpoints are only for those space system objects in development or operational (now or have been).



Together, different perspectives can provide the big picture for complex systems.



I learned about object modeling from two tutorials that Dr. David Oliver presented to our local INCOSE chapter and from the book, Engineering Complex Systems with Models and Objects, that he co-authored.

Dr. Oliver’s object model contained these views: Behavior, Name, Role, Attributes, Structure. I have expanded Dr. Oliver’s model to include views for Operations, Verification, Development, and Trivia. I added the Requirements and Performance views as suggested by Sandy.



I placed the Requirements View and the Verification Views as “sub-views” under the Development View.
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bdd Name

«block»
Name

ibd Name

pkg Name Package 
Diagram (pkg) 
with drawing title

Package; shows how a 
model can be arranged 
(e.g., by level, 
subsystem, diagram)

Internal Block 
Diagram (ibd) 
with drawing 
title

Block Definition 
Diagram (bdd) with 
drawing title

Block; can be used to 
represent hardware, 
software, facilities, and any 
other system element

Generalization: shows the 
different types of this block

Composition Association; 
shows the lower level blocks 
that higher level block can 
be decomposed into

Shared Association; shows 
that a block is shared 
between two or more higher 
level structures

part: type

Text

Part number and 
type of part

Name and 
direction of 
item flow

Connector: path 
for item flow

Port: entry or 
exit point for 
item flows

OMG SysML Structure 
Diagram Components

Internal Block

Block Definition Package

Presenter
Presentation Notes
Diagram components used to build each of the different types of structure diagrams: Block Definition, Package, Internal Block
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OMG SysML Behavior 
Diagram Components

Activity

State MachineUse Case

Presenter
Presentation Notes
Diagram components used to build each of the different types of  behavior diagrams: Use Case, State Machine, Activity
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