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Presenter
Presentation Notes
 Last spring at one of our monthly meetings, we had some professors from Cal Poly SLO up here discussing systems engineering education.
 I was identified as one of the students in their space systems engineering distance-learning program with LM.
 As part of my curriculum, I am required to perform a final project, kind of like a thesis, except we get to choose our own topic, as long as we can get advisors to go along with it.
I will be performing my project over the next two quarters starting the end of September.
 I thought that this time I would do something different from what I have done in the past and introduce the project to you and maybe get some feedback/comments from the audience. This will be Part 1.
 (After Dr. Marvel’s talk last May, I won’t be reviewing any SE books any time soon.)
 Then, if there is enough interest, I’ll come back in the spring/summer timeframe to discuss how it went. That will be Part 2.


INCOSE Agenda - Outline
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Part 1.

* Project Introduction

» Space System Specification and Design Model Discussion
— Discuss views and contents

« Systems Modeling Language (SysML) Discussion
— Discuss diagrams

 Applicability of SysML Diagrams to Space System Views

Part 2:
* Project Results
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* Information concerning numerous unmanned satellites will be extracted from an
extensive collection of references and used to develop specification and design
models for a satellite, a spacecraft bus, and spacecraft subsystems.

» The specification and design models will be developed using the Object
Management Group (OMG) set of SysML diagrams.

» The project will provide a set of SysML diagrams that can be adopted by a program,
then tailored for their use.

* In addition, the project results will include a determination of how adequate the set
of SysML diagrams is to develop space-system specification and design models
or vice versa.

» The project will cuiminate with the submission of a report and a presentation to
Cal Poly.

» Additional presentations will be provided to the local INCOSE chapter, and a paper
may be submitted to an upcoming INCOSE symposium. 3
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Presentation Notes
There is a question as to how many satellites will be in the data extracted. Some satellites will have more data extracted than others based on data availability. No proprietary data will be used; only open sources will be used.
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Project Requirements/Goals:

* Project should be work focused/practical (i.e., of benefit to Lockheed Martin [LM])
* Need to identify a LM mentor as a primary advisor

* Need to identify a faculty advisor from the Cal Poly AERO department

* Need to submit Project paper anywhere from 30 — 50 pages

* Need to have enough material for a one-hour presentation

Class Objectives:

* Individual project fulfilling the culminating experience of the Space Systems
Engineering Specialization.

« Completion of the project includes a written report and final presentation.

» The report must include the project’s significance, objectives, methodology, and
a conclusion or recommendation.

» Course provides the students with the opportunity to study a topic of their choice.

» The students will develop independent study and analysis skills.

» Students also will develop the ability to present their results and methodology
including the significance of their work.
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What the school wants out of the project.

Once we found out that we were going to have to perform a project, I knew from the first quarter of classes that I wanted to this project
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* Satisfy curriculum requirement

* Extract data using model view structure

* Learn more about space systems

* Validate model views and contents

* Learn more about SysML

* Gain experience modeling using the SysML diagrams

* Develop SysML diagrams for satellite, spacecraft bus, and
spacecraft subsystems

e Determine how to update model view structure to be
compatible with the set of SysML diagrams
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Presentation Notes
What I want out of the project.
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e LM Mentor — Sanford (Sandy) Friedenthal
— Principal systems engineer at Lockheed Martin
— Lead developer for advanced systems engineering processes
and methods
— Liaison between INCOSE and OMG
— Chair of the OMG Systems Engineering Domain Special
Interest Group
— Chair of the SysML Submission Team
e Faculty Advisor — Dr. David Marshall, Cal Poly
— Co-Instructor for AERO 512
0 Taught use cases, sequence diagrams, configuration
management, and software integration and testing
— Research interests: aerodynamics, computational fluid
dynamics
INCOSE 12 September 2006
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These are the two people that have offered to support me in the performance of this project.


Space System Hierarchy

INCOSE -
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Space System
I
Space Segment Ground Segment Launch Segment
GSE Satellite Element
Element I

Spacecraft Bus
Sub-element

Command & Data Electrical Power Attitude Determination & Propulsion
Handling Subsystem Subsystem Control Subsystem Subsystem

Payload
Sub-element

Thermal Control
Subsystem

Communications
Subsystem

INCOSE 12 September 2006
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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 can be worked and a perception of how much work is involved, my current plan is to limit 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.


INCOSE  Project Process/Activities SFBAC

Inlernali

e Study SysML documents to become more familiar with the SysML concepts and
diagrams.
* In parallel with the study of SysML documents, perform data extraction from a wide
variety of sources
» When a sufficient amount of data has been extracted and recorded, compare the data
collected for each like-object (i.e., Satellite Element, the Spacecraft Bus Sub-element, and
each of the Spacecraft Subsystems.)
 Using the extracted data for each like-object, build a specification and design model for
each like-object (i.e., Satellite Element, the Spacecraft Bus Sub-element, and each of the
Spacecraft Subsystems.)
 Using these models, convert them into a set of SysML diagrams for each of the Satellite
Element, the Spacecraft Bus Sub-element, and the Spacecraft Subsystems.
* Prepare project report and presentation.
— This briefing will provide the foundation by which to prepare the project
presentation.
* Present INCOSE Briefing Part 2 in the spring or summer 07 timeframe
* Prepare a paper for the next available INCOSE symposium.
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Object Name

Role View

View

Parameter

Source

(Satellite Element or

(Context or

Spacecraft Bus Sub-
element or

Structure or

Spacecraft
Subsystem)

Attributes or

Identification or

Behavior or

Development or
Requirements or

Verification or

Operations or

Performance or
Trivia)
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Presentation Notes
The extracted data will be recorded using this format.

The Object Name column will indicate the primary name by which the object is known.

The Role View column will identify the one role that the object performs with respect to the overall system. The entry for each line of this column will be one of the following: Satellite Element, Spacecraft Bus Sub-element, or Spacecraft Subsystem. 

The View column will identify the one view that each line of data belongs to. The entry for each line of this column will be one of the following: Context, Structure, Attributes, Identification, Behavior, Development, Requirements, Verification, Operations, Performance, or Trivia. 

The Parameter column will contain one of the parameters and its value, if available, that is unique to each view.

The Source column will indicate the non-proprietary reference from which each piece of data is found. No Lockheed Martin proprietary data will be used for this project.
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2006 2007
Activities Aug Sept Oct Nov | Dec Jan Feb | Mar
| Fall Quarter | | Winter Quarter |
Study SysML
Documents

Extract Data into Infor-
mation Model Views

Satellite
[ Spacecratt Bust |

Comparison of Extracted|

Data for Like Objects Subsystems |
Build Information Modell [Satellite |
for each Object ||Spacecraft Bus| | Subsystems |
Convert Information [Satellite |
Models to SysML [ Spacecraft Bus| [ Subsystems ]
Evaluate SysML Applicapility ]
Develop Final Report
Develop Final Briefing | Vi
INCOSE Briefing Pt 1 ——V
INCOSE Briefing Pt 2 1/

—
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Presentation Notes
The schedule for the project is shown. It indicates the activities to be performed, their estimated performance periods, and their estimated completion dates. The schedule also shows which activities are to be performed during the Fall quarter and which ones will be performed in the Winter quarter.
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Space System Specification
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*fes ... | believe there's a question in the back™
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Presentation Notes
If you had never seen a cow before, just having a picture like this and a name probably won’t give you all the information you need to know what a cow is all about. Wouldn’t you want to know more? The guy in the back may want to know information like …
What is it made of?
How big is it?
What do the different parts do?
What does it look like in 3-D?
Is it active (alive)? If so, what does it do? When does it do it?

However, most people don’t have to ask these kinds of questions about a cow. That’s why it works as a cartoon. However, …


—~ Near Side - This Is the
INCOSE -
Spitzer Space Telescope. SFBAC

. ol

This Is the Spitzer
Space

Telescope. Any
guestions?

2

Courtesy NASA/JPL-Caltech
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…they may want to ask those same kinds of questions as well as others about a spacecraft like this one.
If you have never seen the Spitzer Space Telescope before, what kind of questions would you want answered?
Context: What are its external interfaces? What environments did it need to withstand? 
Structure: What is it made of ?
Behavior: How does it behave?
Attributes: What are its characteristics?
Role: How does it fit into a larger super system?
Identification: How is it identified?
Development: How was it developed?
Requirements: What requirements was it designed to meet?
Performance: (??)
Verification: How was it tested?
Operation: How has it performed since being launched?
Trivia: Has it been the first to accomplish something? (first to use trailing Earth orbit)
To understand a complex system like the Spitzer Space Telescope, you need to view it from several different perspectives. Together, these perspectives make up a specification and design model.
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f Spacecraft System Specification
INCOSE .
inernat RO e engincering and D ESIQn Model SFB AC
Context
 Mission objectives SPACE SYSTEM O[External Systems
» Mission profile built from Q Interconnect
» External Interfaces

* Environments Object (9i

» Customer expectations/

benefits <?

 Other constraints kinds of —
| |

Active Object Passive Object

Q ? All systems

Behavior Identificationl Role || Attributes || |Structurel| |Performance

Developed systems Development Operations | | Trivia

Requirements| | Verification

14
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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.


SFBAC

Space System Specification
and Design Views

15
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Presentation Notes
These views are what they are today but subject to change as information becomes available based on the data extracted for each view.
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For Context View SFBAC
Space System Context
built from<f
Available
External Program )
Mission | | Environments Interfaces | | Resources| | Other Constraints
» Objectives e« Transportation « Assembly and « Funding » Laws and regulations
* Profile » Assembly and test facilities/  » Schedule  Heritage hardware/
test equipment o Skill level/ software
 Launch site  Launch vehicle experience e Labor rates and
* Launch » Launch site « Existing facilities benefits
» Ascent  Launch facility & equipment

* Natural Space « Common

« Man-made threats communications

 Extraterrestrial (ex. DSN, AFSCN)
environments

16
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Presentation Notes
• What are the externally imposed constraints in which the system must be designed and/or operate?

 How does the system relate to external systems?
• What are its environments?
• What are the mission objectives and profile?


INCOSE -
Source Material — Context SFBAC

» Mission Profile - Mission Phases, Mission Critical Events, Orbit
Parameters, Eclipse Periods, Solar Conjunction Periods, Ground
Station Contacts

 External Interfaces - AIT Facility, Ground Support Equipment
(GSE), Transporter, Launch Site, Launch Facilities, Launch
Vehicle, Ground Station

* Environments - Weather, AIT Facility, Transportation, Launch
Site, Launch, Ascent, On-orbit (Natural, Man-made)

e Other constraints - Budget, Schedule, Use of Heritage Hardware/
Software, Labor Rates, Laws and Regulations, Existing Facilities
& Equipment, Political Environment

17
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For Identification View SFBAC
Identification
built from<f
USSpaceCom International Part No./ Series
Catalog No. Designator Name Catalog No. Designator
» Ground designator
Kinds of * Flight designator
Original Aka New Nickname
e Full name e Full name < Full name e Nickname
e Acronym e Acronym e Acronym * Reason/source
» Reason/source ¢ When assigned
for change
 When changed
18
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What is the object called?

Satellites can have multiple ways of being identified, sometimes by different organizations, sometimes by the same organization but at different times.
• Did it have a nickname?
• Did it have an alternate name or did its name change?
• What was its mission number?
• What was its international designator?
• What was its name and number (if one of a series)?
• Name before launch?
 Name after launch?
• What was its NORAD/Space Command number?
• United Nations number?


INCOSE

Specification and Design Model

Space System Object Roles
kinds of /
Subject Subelement Subassembly* Input/ Internal
System - Spacecraft « Side Aor B Output Interface
. [ dul
Space System ,(Séeer:l/;%? rsnu?teu ¢ * Nitrogen gas  * RS 422
(payload module) Component* » Cryogen * MIL-STD-1553B
S . « Probe . Euel t
egmen « Rover « Circuit Board ® Fressuran
SUbsyStem* ° Backp|ane
» Space/
constellation * Power
« Ground * Thermal
* Propulsion
* Command & Data| .
Element Handling Assembly* Piece Part*
* Satellite » Flight software * Electronics unit * Integrated chip

* Flight operations

» Payload operations

INCOSE 12 September 2006
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Presentation Notes
How does the object contribute to achievement of the overall purpose for the system?

Where does it fit in the hierarchy? (e.g., system, segment, element, subsystem)

Inputs/outputs are interesting concepts. Usually not developed by the program, but needed for operation. Ex., gasoline that goes into your car. Is it part of the car’s design or something that the car’s design has to accommodate.



c Specification and Design Model
. e F O r Attr i b u te S V i eW

» Attributes (or Characteristics) - all properties needed for the engineering
problem at hand (those parameters typically found on a specification sheet)

Software Attributes

Hardware Attributes

» Mass properties » Thermal conductivity
» Ballistic coefficient  Reflectivity
» Dimensions-stowed & « Maintainability

deployed » Safety level
» Shape * Program heritage
 Pointing accuracy  Field of view
» Coordinate system * Resolution
* Name of Supplier » Materials
* Reliability/Mission Life » Magnetic field levels
* Non-recurring cost » Pressure level
* Orbital parameters * Purity level
 Natural frequency * EMI level
* Color » Radiation hardness
* Volume » Antenna gain
» Power input/output * RF frequencies
» Heat dissipation  Clock speed
« Operating temperature limits « Memory size

* Programming language
* Number of lines of code
» Software heritage

» Reusability

* Modularity

* Price

* Name of supplier

INCOSE 12 September 2006
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Presentation Notes
What are the object’s characteristics?

What would you characterize about the system?



— Specification and Design Model
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Structure
built from
Aggregation| |Classification Number Interconnection
* How is it broken * How can the * How many of each * How are the parts
down into lower- different parts in type of part is there? connected together?
level components/ the structure be (no. of each type) _
objects? categorized? kinds of
(list breakdown of (types of objects)
objects)
Assembly Context Logical
* What's the order in * Where are they * Which other objects is
which they are placed with respect each object connected
assembled? to each other? to?

Source: Engineering Complex Systems With
Models and Objects, Oliver 21
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Presentation Notes
What is the system made of and how does it all connect together?

 What is it made of?
• What are the parts?
• How are they interconnected?
 Are the parts redundant?
 Is there cross-strapping?
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Inlernali

Satellite Behavior

built from?
Ordered

1+ 2, all . b Control
Modes ‘m ut/Output : Function y :
P P generates & __Qperation

consumes
effect

Non- Triggering
Triggering I/O trigger
/0

\ condition
Provide

Non-Condition I/Ol |Condition |/O]—criteria for

22
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How does the system behave (active objects only)?
States/Modes
 On and Off states
 When On, performs in various operating modes
 List of modes allowable in each mission phase
 Mode transition criteria and actions
 Functions performed in each mode (enabled or disabled)
Functions (what tasks are performed)
Inputs/Outputs (what inputs are consumed by which functions, what outputs are produced by which functions)
 Types of I/O: material, energy, information (commands, telemetry)
Control (how and when are the functions started and stopped)
 Types of control: selection, sequence, iteration to a limit, concurrency

• What does it do?
• When does it do it?
 What inputs does it need?
 What outputs does it produce?
 How is it controlled?
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For Development View SFBAC

Development View

¢

built from
Design
Personnel Activities Processes Drivers Milestones
. Management » Schedule . R@QUirementS ° DriVing reC|Uire- e Planned/achieved
« Principal  Duration management ments » Results/discrepancies
Investigators * ToOIs » Systems engi- » Resolution/impact
(Pls) » Manpower/skills  neering
» Performed by  Financial mgmt
whom » Schedule mgmt

» Performed where

23
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Presentation Notes
• Covers the program phase(s) from the beginning until launch

Answers questions like:
 How was it developed?
• Who was involved?
• Where was it developed?
• How long did it take?
• How much did it cost?
• What trades & analyses were performed?
• What problems were encountered; how were they remedied?
• How much risk was involved?
• What were the major milestones? (e.g., design reviews)
 How was it developed?
 Who was involved?
 How long did it take?
 How much did it cost?
 What trades & analyses were performed?
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e Specification and Design Model

NCOSE . -

Requirements View

built from<f

Req ID || Text ||| Allocation| ||Traceability || |Verification

» Allocation type Plan
» Method
* Level
Priority Risk Compatibility

24
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• What are the requirements?
 Where on the spec tree do they reside?
 Traced from what higher level requirement(s)?
 To what lower level object should it be allocated?
 Allocation types: Directly allocable, indirectly allocable, budgeted, not allocable
• What is the plan to verify the requirement? Verification level and method?
• What is the requirement priority?
• How compatible are the requirements? Conflict with other requirements?
 How much will it cost to satisfy and verify the requirement?
 How risky is it to address the requirement?
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F or V erlfl C at| on Vl ew SFBAC
Verification View
built from<f
Test/ ) .
Demo Analysis Problems Personnel Documentation
. Name/type  Definition e Plans
« Location * Resolution « Reports
« Test conductor * Impact
 Duration » Design changes
* Environment
* Test profile
* Reviews
25
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• How was it verified?
• What tests were performed?
• Where were the tests performed?
• Under what conditions were the tests conducted?
• Who (what company) conducted the tests?
• What additional or special equipment was used?
• What were the test levels?
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For Operations View SFBAC

Operations View

built from<f

Mission
Personnel Anomalies Results Status Events
. Operating  °* Description » Accomplish-  Actual launch date
organization * Resolution ments « Critical mission events
« Supporting * Technique « Mission events
organizations  Duration — Description
« Capabilities * Resolving — Date
org * End of mission (EOM)
* Impact — Reason

— Date

26
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• Covers the program phase(s) from launch to end of mission or re-entry whichever comes first.

Answers questions like these:
 How well did design meet mission objectives?
• What were the major events?
• What went wrong? right?
• What’s its current status if still operational?
• How long did the mission last if no longer operational?
• When was it actually launched?
• What were the mission results?
• When did the mission end?
• Why did the mission end?
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For Trivia View SFBAC
Trivia View
Kinds of /K
Size Weight Success Speed Order

 Largest » Heaviest » Most successful  Fastest o First

» Smallest o Lightest  Last
Distance Mission Complexity Cost Quality
» Farthest Duration « Most complex « Most expensive « Best
* Closest « Longest * Least expensive e« Worst

» Shortest
27
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Distance from Earth, from Sun, planet x
Another category: Oldest vs newest (different than mission duration??)
• Do any superlatives describe the system?
 First vs Last
 Smallest vs largest
 Most vs least
 Farthest vs closest
 Heaviest vs lightest
 Worst vs best
 Fastest
 Oldest vs newest
 Most successful
• Any superlatives? (first, longest, etc.)


INCOSE .
& Data Extraction Sources SFBAC
Data Extraction Sources
Kinds of /K
Special Papers Articles Web Sites Books
| |
Studies : i
AU APL Sites Sg_etmflc Space hoore
Earth Technical = History
Rse?leergﬁie Digest Science Writer Books
Handbook Peﬁi)ct)giecrals Guide Reference Books
Mission Press Kits * International Guide To
* AWST

ESA

* Space News

Achievements
BR-250

INCOSE 12 September 2006

Brochures

Fact Sheets

Launch Systems
* International Launch
Site Guide

28
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Presentation Notes
There is a wealth of information today about space systems. The ease of their accessibility is variable. A lot of the information is accessible on the internet (ex., web sites) and easily downloadable (ex., mission press kits). Some of the periodicals are free (ex., ESA Bulletin) while others have annual fees. The books, as a group, are probably the most expensive. Some of the papers have fees even if you are member of the organization (ex., AIAA). Others may be accessible through a library service.

This cornucopia of information presents a challenge to determine which sources to use and how many different space systems should have their data extracted.

The boxes with a bold border are ones that I have already started to access to build the data extraction listing. The following are the references that I have used so far.
ESA Achievements, BR-250, June 2005
http://msl.jpl.nasa.gov/home.html 
Launch Log (web site?)
http://www.esa.int/esaSC/SEMMN7S1VED_index_0.html 
http://www.esa.int/esaSC/120375_index_2_m.html 
ESA Bulletin, No.82, May 1995 
Rieke, George H., The Last of the Great Observatories 
http://www.nasa.gov/missions/timeline/ current/current_missions.html, last accessed 8/3/2006
Johns Hopkins APL Technical Digest, Vol. 26, No. 3 (2005) 
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Name Role View Parameter Source
ESRO- | Satellite Identification Acronym: ESRO - European ESA Achievements, BR-250, June 2005
2B Element Space Research Organization

Identification

International Designator: 1968-
041A

http://msl.jpl.nasa.gov/home.htmi

Identification

AKA: Iris

http://msl.jpl.nasa.gov/home.html

Context Mission Type: Science ESA Achievements, BR-250, June 2005

Context Mission Objective: Cosmic rays, | ESA Achievements, BR-250, June 2005
solar X-rays

Context Launch Site: WSMC http://msl.jpl.nasa.gov/home.html

Context Launch Vehicle: Scout B http://msl.jpl.nasa.gov/home.html

Context Program Type: Government ESA Achievements, BR-250, June 2005
(European)

Context Orbit Type: LEO http://msl.jpl.nasa.gov/home.html

Attributes Mass: 75 kg http://msl.jpl.nasa.gov/home.html

Development

Procuring Agency: ESRO

ESA Achievements, BR-250, June 2005

Development

Principal Contractor: Laboratoire
Central de Telecommunications
(Paris)

ESA Achievements, BR-250, June 2005

Operations Actual Launch Date: 1968 May 17| ESA Achievements, BR-250, June 2005

Operations Mission Results: Continued ESA Achievements, BR-250, June 2005
transmitting data until reentry

Operations Status: Destroyed during reentry | ESA Achievements, BR-250, June 2005

Operations Reentry Date: 1970 June 26 ESA Achievements, BR-250, June 220905
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Here is a sample of the data extraction for the ESRO-2B satellite as of 9/3/06.
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Extracted Data

O Extracted Data

No. of Data ltems

i H\HH
H\HHH\HHHHHNHHHHHHH\HHHHH\HHHHHHHH\H\HHHN\|

HC\IC’OQ’@I\OOO

109
121
133
145

No. of Satellites

30
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Presentation Notes
This chart shows the breadth (no. of satellites for which data is extracted) and depth (no. of data items per satellite) of the data extraction activity so far. Due to time constraints, I probably won’t be able to populate a lot of data for each satellite. I will need to be selective as to which satellites I use in order to maximize the usefulness of the satellites used.
This one is only for the Satellite Element level. Charts for the Spacecraft Bus Sub-element and each of the subsystems will be developed later and presented as part of Part 2.
There is the potential for me to develop similar types of charts for each of the different views for each of the hierarchy levels noted above.
For example, a chart could be created showing how much data from how many satellite programs were used to develop the Development View for the Electrical Power Subsystem.


= SvysML Backaground
INCOSE y g
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» SysML is a modeling standard created by the Object Management Group as an
extension of their Unified Modeling Language™ (UML®)
— OMG has been an international, open membership, not-for-profit computer
industry consortium since 1989.
— OMG membership includes hundreds of organizations, with half being software
end-users in over two dozen vertical markets, and the other half representing
virtually every large organization in the computer industry and many smaller
ones.
— Most of the organizations that shape enterprise and Internet computing today
are represented on the OMG Board of Directors.
— OMG Task Forces develop enterprise integration standards for a wide range
of technologies, including: Real-time, Embedded and Specialized Systems,
Analysis & Design, Architecture-Driven Modernization and Middleware and
an even wider range of industries, including: Business Modeling and
Integration, C4l, Finance, Government, Healthcare, Legal Compliance, Life
Sciences Research, Manufacturing Technology, Robotics, Software-Based
Communications and Space.
» SysML reuses a subset of UML 2.1 and provides additional extensions needed to
address the requirements in the UML for SE RFP. 31

INCOSE 12 September 2006 Source: http://www.omg.org/



B
INCOSE
OMG SysML References SFBAC

» The official OMG SysML web site (http://www.omgsysml.org/)
— SysML specifications
* OMG SysML Specification, dated May 2006
— Publications
* Paper
* Articles
* Tutorials
0 OMG SysML Tutorial 11 July 2006 (INCOSE 2006)

» 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 the INCOSE INSIGHT and
Systems Engineering Journal
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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
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INCOSE SysML Diagram Taxonomy
International Council on Systems Engincering, S F BAC
SysML Diagram
JAN
Behavior | Requirement ! Structure
Diagram L _ Diagram _ Diagram
/\ /\
Activity Sequence State Machine Block Internal Block Package
Diagram Diagram Diagram Definition Diagram Diagram
Diagram Z]}
Use Case | Parametric |
Diagram I Diagram |
|

I~ 7 71 New diagram type

L1
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Same as UML 2

Modified from UML 2

Source: SysML Tutorial, OMG, 11 July 2006, pg 18
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Presentation Notes
This is the 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.
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.
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INCOSE - L
e SYSML Dlagram Descriptions  SFBAC

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

diagrams.
— A block definition diagram describes the system hierarchy and system/

component classifications.
— The internal block diagram describes the internal structure of a system in terms

of its parts, ports, and connectors.

* The package diagram is used to organize the model.

» The behavior diagrams include the use case diagram, activity diagram, sequence
diagram, and state machine diagram.
— A use-case diagram provides a high-level description of functionality that is
achieved through interaction among systems or system parts.
— The activity diagram represents the flow of data and control between activities.
— A sequence diagram represents the interaction between collaborating parts of
a system.
— The state machine diagram describes the state transitions and actions that a
system or its parts perform in response to events.
34
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International

» SysML includes a graphical construct to represent text based requirements and
relate them to other model elements.

» 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.

» SysML also includes an allocation relationship to represent various types of allocation,
including allocation of functions to components, logical to physical components, and
software to hardware.

35
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Satellite Views SFBAC

Inlernali

SysML Diagrams

Activity Diagram*
Seguence Diagram
Use Case Diagram

State Machine Diagram
Requirement Diagram** X
Block Definition Diagram?*
Internal Block Diagram*

Parametric Diagram™** X
Package Diagram

* Modified from UML 2.0 *New diagram type
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Presentation Notes
One of the objectives of the project is to fill out this matrix to show the extent to which the SysML diagrams can be used to express the specification and design model views. Part 2 will show a filled-out matrix.

There are a couple of Xs already included in the matrix. These correlate the Requirement Diagram with the Requirements View and the Parametric Diagram with the Performance View. This was suggested by Sandy.
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Ncosg  Utility of SysML Diagrams to
W

* 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

37
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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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Presentation Notes
Now that we are at the end of this briefing, I want to leave you with a closing thought of my ultimate vision of which this project is only a part, a stepping stone, if you will.
A couple of years ago (?), Boeing ran some advertisements as seen here with the theme “What if a single warfighter shared the knowledge of millions?”
What if we changed “Warfighter” to “Systems Engineer”? How much more effective could we be as systems engineers if we had access to the knowledge of past programs, both in-house and worldwide regardless of whether we participated in them or not.
How much better would we be in performing systems engineering activities such as identifying customer needs, writing specifications, developing design documents, preparing for design reviews?
Not having to rely on just our own memories and experience and those of the rest of the people on the team.


Backup Charts

INCOSE 12 September 2006

SFBAC
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INCOSE Project Guidelines

SFBAC

Project Steps (from Prof Eric Mehiel, 2/16/06)

1. ldentify a project you would like to work on. This project can be part of your regular work duties, or an extension of
your work duties.

Your project can also be self-defined and have no relationship to your current duties. The possibilities are quite open.
There are a couple of practical things you should keep in mind:

a. A copy of your project must be deposited in the Cal Poly library. NO PROPRIETARY TOPICS!

b. You should be able to complete all project work within 5 units

c. Your LM mentor should be someone you have relatively easy access to. Your LM mentor

should help guide you through your project by identifying resources and previous work in the area of your project.

d. Your Cal Poly advisor will help you navigate through the bureaucracy here on campus. Your Cal Poly advisor will act
as your official academic advisor and should also be capable of guiding you through your project.

2. Once you have identified a project and an advisor, write a one page (at least) summary of your project. You should
address the following area:

a. A brief review of previous work, (literature review)

b. Proposed schedule

c. Outline the work you intend to complete

d. Any issues that could hinder your project completion

3. Finally, after you, your LM mentor, and your Cal Poly advisor have agreed to a project proposal, you can sign up for
2 or 3 units of Aero 599 per quarter. Therefore, your project should be completed within two quarters. You and your

Cal Poly advisor will agree upon a grading philosophy prior to enrolling. For example, if | was your advisor, | would
have you take 2 and then 3 units. Your grade for your first 2 units would be based on a first draft of your literature review
and your adherence to your proposed schedule. Your grade for your final 3 units would be based on the overall quality of
your work.

40
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o Attended two Dr. David Oliver tutorials presented by INCOSE SFBAC
» Engineering Complex Systems with Models and Objects (1997)
» Concept Analysis with Objects and Models (1999)
» Read Dr. Oliver’s book
> “Engineering Complex Systems with Models and Objects”
» Softcopy was provided free to INCOSE members
e First put into practice developing SIRTF Spacecraft System Design
Description (SSDD)
* Wrote a paper from my SIRTF SSDD experience and presented
paper at INCOSE Symposium 2000 (Minneapolis)
» “The Use of an Information Model to Describe the SIRTF
Spacecraft”
 Continuing to use information modeling wherever possible

4
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Presentation Notes
The concept of information modeling resonated with me after I attended the first tutorial.
Dr. Oliver is currently a co-chairman for the INCOSE Model Driven System Design (MDSD) working group.
If you would like a softcopy of the book, just e-mail me and I’ll be glad to send it to you.
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.


INCOSE State and Mode Assumptions SEBAC

Definitions

 State - unique condition of existence (ex., either On or Off)

* Mode -
1) Once On, a unique combination of functions
derived from the available/allowable states of the lower level
items
2) a variation of the On state if more than one state (or
configuration) is available in the On/powered condition
(ex., partially On, fully On)

A mode can be a state but a state is not necessarily a mode.
(A state can be Off; a mode can only exist if the state is On.)
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INCOSE Generic Satellite Functions SFBAC
e Mission payload functions « Momentum management
 Mode control e Thrust control
« Command handling » Uplink reception
e Data handling « Downlink transmission
e Power generation * Time management
e Power distribution e Mechanism control
e Thermal control  Fault protection

e Attitude determination
e Attitude control

44
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Telescope

Cryo-Telescope Assembly (CTA)
Outer Shell

Solar Panel

Solar Panel Shield

Star Tracker Aperture Shield
Spacecraft Shield

Spacecraft Bus Star Trackers & IRUs

Low Gain Antennae High Gain Antenna
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Cryo-Telescope
Assembly (Ball)

Spacecraft Bus
(LMSSC)
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Presentation Notes
This is a example of a Use Case diagram. It was developed as part of a team project conducted for Aero 510 for the Sequential Integrated Multiple Payload Laboratory Experiment (SIMPLE), a payload that was intended to be integrated with a Cubesat (or Polysat) known as the Star Sat bus or *.SAT bus. The stick figures are known as actors. They are the external interfaces to whatever is considered to be within the system boundary.

External interfaces for the *.SAT bus also includes the P-Pod launcher into which the *.SAT bus/SIMPLE payload combination is loaded prior to launch and from which they are ejected once on-orbit. The ground station is also an external interface to the *.SAT from which *.SAT receives an uplink and to which *.SAT transmits a downlink. The SIMPLE experimenter will need to interface with the *.SAT ground station to provide any command requests and receive the science data downlinked from SIMPLE.


KI1SSat Orbital Operations

Earth
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Presentation Notes
Here’s an example of a sequence diagram that was developed by the Keep It Simple Satellite (KISSat) team for the Aero 566 project, a lunar communications satellite constellation..


SysML Background
and Introduction (2

*The «block» is the basic unit of structure in SysML and can be used to represent
hardware, software, facilities, personnel, or any other system element.

» Each SysML diagram has a frame, with a contents area, a heading, and a
Diagram Description

Diagram Description

Version:

Dezscription:
Completion siatus:
Header Reference:
E/ | iUser defined fields)

<cdiagramUsage>>
diagramKind [modelElementiType] modelElementMame [diagramMName]

Contents
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Presentation Notes
The frame is a rectangle that is required for SysML diagrams (Note: the frame is optional in UML). The frame can designate a model element that is the default namespace for the model elements enclosed in the frame. A qualified name for the model element within the frame must be provided if it is not contained within default namespace associated with the frame. The top level “Model” name is the highest level namespace for the model elements.
The diagram contents area contains the graphical symbols. The diagram type and usage defines the type of primary graphical symbols that are supported, e.g. a block definition diagram is a diagram where the primary symbols in the contents area are blocks and association symbols along with their adornments.
The heading name is a string contained in a name tag (rectangle with cutoff corner) in the upper leftmost corner of the rectangle, with the following syntax: <diagramKind> [modelElementType] <modelElementName> [diagramName]
The diagram description can be defined by a comment attached to a diagram frame as indicated above that includes version, description, references to related information, a completeness field that describes the extent to which the modeler asserts the diagram is complete, and other user defined fields. In addition, the diagram description may identify the view associated with the diagram, and the corresponding viewpoint that identifies the stakeholders and their concerns. The diagram description can be made more explicit by the tool implementation. 


—~ Great Wall of China
Utility Curve SFBAC

10 —=—=—=—=—==—=—=—=—=" =" e === ==

Area of Critical Mass

Utility Level

0 1500
Length of Great Wall of China (miles)

50
INCOSE 12 September 2006


Presenter
Presentation Notes
A database would have a utility curve similar to that of the Great Wall of China.
A little bit data has small utility. Not enough to really do anything substantial.
A critical mass amount of data is needed before the database becomes useful.
More data above critical mass adds value to the database but the delta value is less and less as more and more data is added.
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