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Project Objectives

Demonstrate MBSE methodology as applied to a CubeSat mission

Demonstrate Object Oriented Design Method (OOSEM)
as applied to a CubeSat mission

Provide a CubeSat Reference Model that CubeSat teams
can use as a starting point for their mission-specific CubeSat model

Demonstrate the application of the model in assessing
measures of performance in the concept life cycle phase



SSWG Team Composition

Aerospace Students and Professors

Engineers and Software Developers from
NASA Centers, Aerospace Companies, and
Modeling and Simulation Tool Providers

Email to be included on the email reflector list:
david.kaslow@agmail.com



mailto:david.kaslow@gmail.com

SSWG Team Meetings

Telecons every Friday at 1pm east coast time

Meeting materials and links to meeting recordings
In Google docs

Conference papers posted in INCOSE SSWG Web Site

http://www.incose.org/ChaptersGroups/WorkingGroups/government/sp
ace-systems



http://www.incose.org/ChaptersGroups/WorkingGroups/government/space-systems
http://www.incose.org/ChaptersGroups/WorkingGroups/government/space-systems

INCOSE MBSE Initiative



INCOSE MBSE Initiative - Genesis, Flow, Interaction
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Model-Based Systems Engineering (MBSE)

INCOSE Systems Engineering Vision [1]

Formalized application of modeling to support
requirements, design, analysis, validation, and verification

Survey of MBSE Methodologies [3] [4]
A collection of related processes, methods, and tools

Performing Systems Engineering with Models
System, subsystem, and component level models
Integration of models and simulations

Authoritative, integrated repository of information
from procurement through operations




Model-Based Systems Engineering (MBSE)

d Systems Modeling Language (SysML) [5] A
A graphical modeling language for modeling complex
systems including hardware, software, information,
ersonnel, procedures, and facilities
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Systems Modeling Language (SysML)

4 The Model A
System design resides in
SysML Model Elements the model not in
Blocks, Actors, Flow, Signals, Ports, ... documents
. J
|
Diagrams Traditional docs
Views of the underlying system model can be generated from | |
- ~ the model ||
Structure Behavior -
Block Definition Activity
Internal Block Sequence Model updates are
- _ < State automatically populated
| Requirement L Use Case into the system views
/

K Parametric /
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Model-Based Systems Engineering (MBSE)

/ Block \ / Requirement \

Logical, Conceptual, Physical Entity Properties
Hardware, Software, Data id, text
Person, Facility, Item Flow ... Derived from requirement
Properties Traced from element
Parts, Behaviors, Values, ... Refined by element

/ Satisfied by element

\ Verified by test case /




Object Oriented Systems Engineering Method (OOSEM)
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Analyze stakeholder needs
Analyze system requirements
Define logical architecture
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CubeSat Reference Model

Logical model elements for
population by a mission specific
CubeSat team.
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SSWG Challenge Project
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SSWG Challenge Project
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Phase 3 - Radio Aurora Explorer (RAX) CubeSat Mission

Michigan Exploration Lab and SRI International mission

Studies formation of magnetic field aligned plasma irregularities
In the lower polar ionosphere

Radar signal is transmitted by Incoherent Scatter Radar site in
Poker Flat, Alaska and received by RAX’s radar receiver

Science data processed on-board, compressed, transmitted to the
primary ground station and control center in Ann Arbor, Michigan



Phase 3 - RAX CubeSat Model Trade Studies

Trade Studies Trade Space Perf. Metric
 Nominal:18.2 cm?/slide
Solar Panel « 1 of nominal On-board
e o Y4 of nominal energy
Max Battery ®* Nominal:115,000 J On-board
Capacity * Reduced: 100,000 J energy
Orbital ®* Nominal: 811 km x 457 km Quantity
Altitude e Low: 593 km x 250 km of data
e High: 1311 km x 932 km downloaded
_ * Ann Arbor & Menlo Park Quantity
Grotind Stationj s, Ann Arbor & Fairbanks of data

Network

e Fairbanks & Menlo Park

downloaded




Phase 3 - RAX CubeSat Model Trade Studies
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CubeSat Reference Model
Development and Distribution
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CubeSat Reference Model Development

Model Scope
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Model Distribution

e SSWG A
5
CubeSat Ref Video of Model Copyright and
Model Walk-Through License
\_ o Y,
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Development of a Mission Specific CubeSat Model
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CubeSat Reference Model
Diagrams
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CubeSat Mission Enterprise

bdd [Package] CubeSate Mission Enterprize [ CubeSat Mission Enterprize J_J

wblocks
CubeS5at Miz=zion Enterprize

| : f g
has
I
wblocks xblocks
Space System Ground System
Stakeholder i .
wblocks ablocks wblocks
Launch Services Launch Vehicle Interface System Communication Services
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Stakeholders

bdd [Package] Stakeholders [ Stakeholder Deﬁn'rtiunslj

wCcomments

A stakeholder is any entity that has an
interest in the system.

wStakeholders

w3takeholders
Sponsor

Documentation = "An individual or
organization that provides funding.”

xStakeholders
User

Documentation = "An individual who
or group that benefits from a system
during its utiliz ation."

Operator

v

Documentation = "An individual who
contributes to the functionality of a
system and draws on knowledge,
skills, and procedures to contribute
the function.”

wStakeholders
Project Manager

Documentation = "The indivdual
responsible for managing project
attributes including project plans;
estimates; schedule; budget; project
structure; staffing, resources;
infrastructure; and risk factors.”

Project Engineer “SE;:: ;Jrhi':rn =
Documentation = "The individual responsibe for managing ——
product attributes including items such as requirements Du;t_lrnentatmn - Ta‘" :
i ) . ] individual or organization that
allocation and flow-down; system architecture; structure of and } .
] - ) ] ) . S acquires a product or senvice
interactions among technical teams; specialty engineering; from a supplier.”
integration; verification; and validation.]" ’
wStakeholders “SEkEh 'IJ_HEW *
Mission Engineer 5 mm_“”“_':
Ciocumentation = "The individual responsible for specifying in?l?.rlill:rlrsjzl orlgp ;nizgti-:rn that
mission data collection and analysis that fulfulls the needs and enters into an E? reement with
objectives of the stakeholders. Data collection is specified by e acuiver fnr?he il
requirements, constraints, guality, and quantity. T
wStakeholders
Developer xStakeholders <=
Documentation = "An individual or group responsible for the Launch Service Integrator
development process. The development process creates or Documentation = "The
fabricates a system element confirming to that element’'s arganization responsibe for
detailed description (requirements, architecture, design, Cubesat integration into the
interfaces)." launch vehcle, launch, and
deployment.”
wstakeholders
Tester «Stakeholders <
Documentation = "An individual or group responsible for the Communication Service
Integrator

verication and validation processes.

W erification is the confirmation, through the provision of
abjective evidence, that specified requirements have been
fulfilled.

Validation is the confirmation, through the provision of objective
evidence, that the requirements for a specified intented use in
the intended operational environment have been fulfilled.”

Documentation = "The
arganization responsible for
providing network
comrmunication external to the
CubeSat enterprise.”




Stakeholders: Guidance and Regulations

bdd [Package] Guidance and Regulations [ Guidance and Regulatory Deﬁn'rtiunslj

Guidance / Regulatory Agency -

T‘

zStakeholders . zStakeholders S zStakeholders -

Cal Poly NOAA Commerical Remote Sensing Internatoinal Telecommunication Union -
Documentation = "The organization Regulatory Affairs Office Radiocommunication Sector (ITU-R)
responsible for the Cal Poly CubeSat Documentation = "ULS. laws, Documentation = "4 specialized agency of the United
Design Specification. The regulations, policies. and related Mations responsible for international coordination,
specification contains design and information pertaining to the natification, and recording procedures for space
testing requirements in support of operation of private and commercial gystems and earth stations and examination of
providing access to space for remote sensing satellite systems.” frequency assignment notices. Freguencies are
CubeSats. The requirements ensure included in the Master International Frequency Register
the safety of the CubeSat and protect (MIFR)."
the launch vehicle, the primary
payload, and other CubeSats.”

zStakeholders -

International Amateur
Radio Union [IARU)

«Stakeholders = «Stakeholders -
HASA Orbital Debris Program Office Federal Communications Commission
Documentation = "U.S. Government orbital Documentation = "Mon-federal users apply for
debris mitigation standard practices.” spectrum certification through the Federal

Communication Commission (FCC). The FCC
maintains one integrated policy and position on
spectrum when representing the United States
internationally with respect to the International
Telecommunication Union- Radiocommunication
Sector (ITU-R) and World Radio Conferences

(WRC)."

Ciocumentation = "An
international

confederation of national
amateur radio

arganiz ations that works
closely with ITU to allocate
frequency spectrumto
amateur radio and
amateur-radio satellite
senvices."
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pkg [Package] CubeSat Design Specification [ Model Organization lJ

Cal Poly CubeSat Design Specification

«infos

CubeSat Design Specification

{author = "C. Massa (Model)",

version = "0.1 (SSWG Initial Review Oct 2015)"}
Active Hyperlink = "http://cubesat org/index_php/documents/developers”

Documentation = "This model contains requirements from the Cal Poly Cubesat Design Specification, rev 13.

Original model created with Magic Draw v18.2."

I

[
Change History
1. Introduction
R e ndew 3. Cube Sat Specification
=1 1.2 Purpose
=1 1.3 Waiver Process
|
Acronyms
| | —
Applicable Documents

2. Poly Picosatellite Orbital Deployer
= 2.1 Interface

4. Testing Requirements

e g_ '

CUBESAT 5

California Polytechnic State University

CubeSat Design Specification Rev. 13
The CubeSat Program, Cal Poly SLO
Document Classification: Public Domain

|
5. Contacts
[ |
Figures
L
Tables
— |
Appendices

7 Appendix A: Waiver Form
7 Appendix B:CubeSat Specification Drawing

1 Appendix C: Checklists (In Work)
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Cal Poly CubeSat Design Specification

req [Package] 3. CubeSat Specification[ 3.1 General Requirementslj

[ .
3. CubeSat Specification

arequirements
Cube5at Specification

|4 = "
ld="3

Text = "CubeSat Specification”

arequirements
General Requirements

ld="3.1"
Text = "General Requirements”

arequirements
Deviations

wrequirements
Space Debris

wrequirements
Pyrotechnics

areguirements wregquirements
Propulsion Inhibits Qut-gassing
areguirements ereguirements
Stored Chemical Energy Cube 5at Design Specification Revision

Hazardous Materials

arequirements

irement
e Magnetic Field Strength

wregquirements
Propulsion Systems

arequirements arequirements e
Total Mass Loss (TML) Collected Volatile Venti
Condensable Material (S
[CWVCM)
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Logical Ground System

bdd [Package] Logical Ground System[ Logical Ground Syst&mlj

wblocks

Logical Ground System

plan

wSubSystems
Plan and Schedule Generator

Documentation = "Coordinate
spacecraft (bus and
payloads) activities and
shared ground resources.
{e.g. payload data collection
,spacecraft housekeeping,
spacecraft ground
communications and other
shared resources use).”

dataproc

«SubSystems
Miz=ion Data Processor

Documentation = "Generate
data products from raw

com

xSubSystems
Space-Ground

Communication

Documentation = "Provide
space to ground

facilties

wSubSystems
Facilities

Documentation = "Provide
a managed emvironment

communications during for grnund“sy stem
scheduled contact intervals. " SELLnE
command datadizsem network
w3ubSystems w3ubSystems wSubSystems
Command Generator Mission Data Dissemination Network

Documentation = "M onitor and
command the spacecraft.
Monitor and control the ground
equipment”

Documentation = "Disseminate
data products and raw data to
stakeholders.”

Documentation = "Provide
network connectivity among
ground subsystems and
stakeholders.”
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Logical Space System

bdd [Package] Logical CubeSat| Logical Space Subsystems lJ

xblocks
Logical Space System
dataproc com powW
sblocks wblocks sblocks
Miz=sion Data Acquisition and Communication Power
Processor Documentation = "Provide the Documentation = "Generate,
Documentation = "Acquire and communication with the ground regulate, store, and distribute
process the mission data.” system or other spacecraft.” power to the spacecraft.”
bus nav therm
sblocks wblocks sblocks
Mizsion Payload — Bus Adapter Guidance, Navigation, and Control Thermal
Documentation = "Provide the Documentation = "Determine the Documentation = "Provide mechanical
mechanical, electrical, and spacecraft translational motion support and house spacecraft
communication interface between the (i.e. position and velocity). payloads and subsystems.”
mission payload and the spacecraft bus.” I aintain or change the spacecraft
orbit and trajectory.” pro
command att ablocks
«blocks ablocks T _
Command and Data Handling Attitude Determination and Documentation = "Provide, ”F"n”r-
Documentation = "Receive, store, process, Control and control spacecraft thrust.
and distribute the commands from the Documentation = "Determine mech
communication subsystem. Collect, store, the spacecraft rotational metion blocks
process, and downlink the mission data and (i.e. atfitude). Maintain or orient Structures and Mechanisms
spacecraft telemetry through the the spacecraft.” Documentation = "Provide mechanical support
Communication subsystem.” and house spacecraft payloads and subsystemns.”
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Next Steps and References
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Next Steps

Create example mission specific model:
Stakeholder needs, objectives, constraints
Mission and system requirements
Measure of Effectiveness (MOE)
Measure of Performance (MOP)

Demonstrate validation of MOEs and MOPs
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