CubeSat Model-Based Systems Engineering (MBSE) Reference Model —
Model Distribution and Application — Interim Status #2
International Council on Systems Engineering (INCOSE) Space Systems Working Group (SSWG)
Chair: David Kaslow
Object Management Group (OMG) Space Domain Task Force

NCORE Project Objectives olEiG] Team Composition Team Meeting
iy ORIEET MANAGEMENT GROUF Aerospace Students and Professors Telecons every Friday at1 pm ET
www.incose.org AHRN-OME.OIR Engineers and Software Developers from NASA Centers, Meeting materials and links to recordings in Google docs
Demonstrate MBSE methodology as applied to a CubeSat mission. Aerospace Companies, Modeling and Simulation Tool Providers Conference papers posted in INCOSE SSWG Web Site

Provide a CubeSat Reference Model that CubeSat teams can

. , .. . : - : it http://www.incose.org/ChaptersGroups/WorkingGroups/government/
use as a starting point for their mission-specific CubeSat model Email to be included on the emall reflector list:

space-systems

david.kaslow@gmail.com
Standards to be worked through OMG Space Domain Task Force Anticipated Standards Task Planned for Dec 2016 — Jun 2018

Obtain International Specification Standard & Create Testbed

From Document-Centric to Model-Centric SSWG Challenge Project
4 )
Document Based Design INCOSE MBSE 4 ) 4 N
Ad Hoe Model Chall Broject Phase 1 Recent Efforts
Create, Update, oc Modellng aliehge Frojec CubeSat Phase 3
Review, Config Control, ... In support of: % Initiated 2007 Eramework RAX CubeSat Model
\ 4 . ) o .
System Specs: Subsys. \ Rqts analysis ) Mission Prl\igrdne.ll?cf]\x \_ Trade Studies [5]
Rqts, Ops Con, Specs ) . | data collect / INCOSE SSWG \ \_ -/
Interfaces, [ ] Payloads [ ] 2007-2010
N / Phase 0O e ™\ Current Efforts
N | | Modeled a Space Hhase | Phase 4
Traditional Systems Engineering System in SysML RAX Behavior Develop a
Hypothetical FireSat - Modeling Power, CubeSat MBSE
Comm, State [4] Ref. Model [6] [7] [8] [9
— k SMAD / % ) U [][][][]/
Systems Engineering Methodolo System Interfaces with
y J J 9y Modeling Tools Other Models
J
4 . )
Systems Modeling Language (SysML) [1]
A graphical modeling I_anguag_e for modeling complex systems inc_ll_JQing Concept Phase Trade Studies — Phase 3 [5]
hardware, software, information, personnel, procedures, and facilities

MBSE — Formalized application of modeling to support
requirements, design, analysis, validation, and verification [2]

Radio Aurora Explorer (RAX) CubeSat Mission

Michigan Exploration Lab and
SRI International mission

Studies formation of magnetic field aligned plasma irregularities
4 The Model I In the lower polar ionosphere
- ~ _ . . . L
SysML Model Elements | ( Block Properties Radar signal is ransmitted by Incoherent Scatter Radar site in
Blocks, Actors, Flow, Parts, Values, by RA;(’S cadar receiver
' Operations, ... . .
\\ SIELS, O, .. /RN P J Y, Science data processed on-board, compressed, transmitted to

the primary ground station and control center in

System design resides in the model not in documents Ann Arbor, Michigan

Model updates are automatically populated into the system views

/ Diagrams are views of the \

|
underlying system model I e ™
( . ) Traditional documents Stc.ate Diagrams / Parametric Diagrams \
Structures \ ReqUII’ementS ) can be generated from e Orbit e Get States
[ ] ’ ) the model as needed e Solar odels bohavior e Power Collection
Behaviors Parametrics e Experiment Odels benavior In .
\\ L )/ - P ot response to internal LS SN
\.~ Downloa and external events * Update Data
L : : : : e Update Download
Authoritative, integrated repository of information \* P /
that evolves from procurement through retirement / Activity Diagrams \ Mapped to analytical and

» Run Operation simulation models that

— Steps through time estimate RAX performance

[1] Object Management Group (OMG), OMG Website. [Online]. Available: http://www.omgsysml.org/ o Update States

[2] Systems Engineering Vision 2020, INCOSE —TP_2004-004-02, ver. 2/03,September 2007. [Online].  Send Signals

Available: http://oldsite.incose.org/ProductsPubs/pdf/SEVision2020 20071003 v2_ 03.pdf _ Controls update Defines actions in the
[3] S. Spangelo, D. Kaslow, C. Delp, B. Cole, L. Anderson, E. Fosse, B. Gilbert, L. Hartman, T. Kahn, and J. of state values activity along with the flow

Cutler, “Applying Model Based Systems Engineering (MBSE) to a Standard CubeSat,” in Proceedings of IEEE of inout. outout. and
Aerospace Conference, Big Sky, MT, March 2012. KUpdate State Values put, output,

[4] S. Spangelo, L. Anderson, E. Fosse, L Cheng, R. Yntema, M. Bajaj, C. Delp, B. Cole, G. Soremekun, D. Sl
Kaslow, and J. Cutler, “Model Based Systems Engineering (MBSE) Applied to Radio Explorer (RAX) CubeSat
Mission Operational Scenarios,” Proceedings of IEEE Aerospace Conference, Big Sky, MT, March 2013.

[5] D. Kaslow, G. Soremekun, H. Kim, S. Spangelo, “Integrated Model-Based Systems Engineering (MBSE)
Applied to the Simulation of a CubeSat Mission”, Proceedings of IEEE Aerospace Conference, Big Sky, MT,

March 2014. Trade Studies Trade Space Performance Metric
[6] D. Kaslow, L. Anderson, S. Asundi. B. Ayres, C. lwata, B. Shiotani, R. Thompson, “Developing a CubeSat _ ot

Model-Based System Engineering (MBSE) Reference Model — Interim Status”, Proceedings of IEEE * Nominal:18.2 cm</slide

Aerospace Conference, Big Sky, MT, March 2015. Solar Panel Area e 15 of nominal On-board energy
[7] D. Kaslow, L. Anderson, S. Asundi. B. Ayres, C. Iwata, B. Shiotani, R. Thompson, “Developing and e Y, of nominal

Distributing a CubeSat Model-Based System Engineering (MBSE) Reference Model ”, Proceedings of the 315t _ .

Space Symposium, Colorado Springs, CO, April 2015. Max Battery Capacity * Nominal:115,000 J

. On-board ener
[8] D. Kaslow, B. Ayres, M.J Chonoles, S. Gasster, L. Hart, C. Massa, R. Yntema, B. Shiotani, “Developing and Reduced: 100,000 J 9y

Distributing a CubeSat Model-Based System Engineering (MBSE) Reference Model — Interim Status #2”,
Proceedings of IEEE Aerospace Conference, Big Sky, MT, March 2016

Nominal: 811 km x 457 km

[9] D. Kaslow, B. Ayres, M.J Chonoles, S. Gasster, L. Hart, A. Levi, C. Massa, R. Yntema, B. Shiotani, Orbital Altitude e Low: 593 km x 250 km anntltly Ol;dgta
“Developing and Distributing a CubeSat Model-Based Systems Engineering (MBSE) Reference Model — e High: 1311 km x 932 km ownioade
Status”, 7, Proceedings of the 325t Space Symposium, Colorado Springs, CO, April 2016.
.  Ann Arbor & Menlo Park
Ground Station . i
 Ann Arbor & Fairbanks Quantity of data
Network downloaded

e Fairbanks & Menlo Park

2016 Small Satellite Conference Poster SSC16-P2-18
Copyright © 2016 by INCOSE SSWG. All rights reserved.


http://www.omgsysml.org/
http://oldsite.incose.org/ProductsPubs/pdf/SEVision2020_20071003_v2_03.pdf
http://www.incose.org/
http://www.omg.org/
http://www.incose.org/ChaptersGroups/WorkingGroups/government/space-systems
mailto:david.kaslow@gmail.com

CubeSat Reference Model Logical Design to CubeSat Reference Model Views — Phase 4 [9]
Mission Specific CubeSat Model

bdd [Package] L0 _Domain pkg [ CubeSat Domain _]_J
/ I " I \ «blocks
Logical architecture decomposes the system into Ll
Components that interact to satlsfy System requwements -
The components are abstractions of physical components that perform . I1 |:-|I : DTI :
5 . . c 5 - . . P IO CKED # DD CKD
. system functionality but without imposing implementation constraints y Emk_?}im External Environment External Constraints
enolcer
mis
xblocks
d Physical architecture defines physical components A CubeSat Mission Enterprise
that interact to satisfy the system requirements I R R A
The physical components of the system include hardware, : ss s | : gss sids |
software, persistent data, and operational procedures o «blocks - sblocks «blocks 1!
K / | Space Segment | Cubesat Ground Segment | | | Ground Station Services | |Transport, Launch, and Deploy Services | |
I I
S L , | Provided to CubeSat Project |
: : : | - I |
{ The CubeSat Reference Model provides the logical architecture } B : - T T T T T T T T T T T T T T T T
e
I
| Developed by CubeSat Project :
Logical and Physical Architectures | | |
CubeSat Domain and Mission Enterprise
SSWG Team — Model Release Mission Team —
CUbesat SyStem SySML Validation Verification CUbesat SyStem bdd [Package] Structures pkg [ Space EegmentEtrumure_]_J
Model Development Accreditation Development
Cubesat
Approval Mechanism
Stakeholders Maintenance - -Il;v'?]'cleé: [ N D A I B e
- D a. e O erS wblocks | mmr:t:-lu-:kx. adc pow i
Unive I’Slty CubeSat Team S 3 Mi;?nnf??id : EEESCATioN Subsys e et rrination and in;t:usc:i:hsys :
onsor cgcnurg?nnen 'g" ir_15 n.?maen . Documentation = "Provide Control Subsys B etalion = "Cencraic.
I N COSE OM G p camec::l oy tlie;p:_.;t;ecraﬂ :D : E:ae nﬁgg’lnrntﬁglgzgggclg; Documentation = "Determine the [:ggglate,tsttnre, ar‘g t :
perform the mission.” spacecraft rotational motion (i.e., distribute power to the |
O M G R t USEI’ | a',‘t'; th; gm:nd systf?r"n o attitude/orientation). Maintain or spacecraft." |
epOS| Ory | B S cLrai re-orient the spacecraft.” I
| Polv — Cub . . Operator - | |
Cal Poly — CubeSat Spec Configuration Manage _ ocks |
: Project Manager . I oo Data Hanaiing Guidance, Navigation, and Thermal Subsys |
NOAA — RemOte SenSIng |ﬂt€||eCtua| PrOperty M|SS|On En |neer ' |Documentation = "Receive, store, Dmument;;:tze'gi?:n;}::ethe Egcuggfﬁg?p;;ﬁfgeﬂif :
. | |process, and distribute the spacecraft translational motion (i.e. ensure operability."
NASA — Orbital Debris Protection 5 | 9 : gﬂg‘ﬁjﬁj‘;g‘&?ﬁgﬁg&&“e pgzitiont{rtut:l vel-:lbcti’ry}ﬁl"l.-*lamj.rftaind%r T :
1 1 1 ollect, store, process, an - change ?spacecra <l
FCC — Comm. Spectrum Distribution eveloper : gﬂm:'.lrnlitrikEthtelmﬁssiﬂntgatair??h R :
TeSter | Eé%arﬁﬁwcumr;ica?isgn :urgsysrt%l;?" y = o |
| Structures and Ul:ut:llu:ck:'lanisms Subsys PrnpuI;?::u:;kn5uhsys :
! Documentation = "Provide mechanical Documentation = "Provide, |
: sugpiﬁn ang hmt_lse tE]E mission payloads monitor, f?r:;i C-D:'Itr'ﬂl |
and the subsystems” spacecraft thrust”
| |
| |
Two Teams — Two Greups of Stakeholders | Spacectaft Bus I
|
Logical Archi r
SSWG CubeSat Reference Model Development ClbesatibogiealiarCiteciue
bdd [Package] Structures pkg [ Ground Segment EtructureJ_J
Actors Ground Segment Space Segment
ablocks
StakehOIderS Ground SUbSyStemS CUbesat CubeEatGrc-ELIjEnd Segment
Guidance and CubeSat Subsystems . . ' '
Regulations .. ) sg.:I ~ I
. f
Domain : «blocks «blocks xblocks
E ) TeChr"Cal Measures Plan and Schedule Subsys space-Ground Communication Network Subsys Fmailicllii:[:s
nterprlse : i Documentation = "Coordinate Subsys Documentation = "Provide the —
Requirements Ground _Statlon spacecraft activities, 2.0 Documentation = "Frovide the network connectivity amang the Sﬁ;g$ﬁft|?2r' r;jﬁgme y
Use Cases Services mission data collection, communication with the ground subsystems and - resnurceg .
T fL n spacecraft state of health, and | | |SPacecraft.” external networks." = '
ransport, Launcn, spacecraft maintenance.
Data FIOW and Deploy Services Coordinate shared resource
Validation LSE, e.g..spgcecraﬁ - ground
cormmunications.”
Verification
s gec mdp mdd
zblocks zblocks zblocks zblocks
Spacecraft Command Subsys Ground Equipment Control Mizsion Data Processing Mission Data Dissemination
D ntation = "Monit subsys Subsys subsys
Sﬁ;ﬂgfaﬂ EE?E of hg;ﬁﬁ rand Documentation = "Monitor and Documentation = "Generate Documentation = "Disseminate
command and track the control the ground equipment.” the mission data products the mission data products and
.. : spacecraft.” from the mission data.” mission data to the stakeholders.”
Mission Team — CubeSat System Design and Development
CubeSat CubeSat CubeSat T CubeSat Ground System Logical Architecture
SysML Model Mission Mission .
. . . M ISSIOn pkg [Package] CubeSat Design Specification [ Model Organization
Logical = Logical — Physical = . ’
. . : Design and |
Architectural Architectural Architectural o
Development CubeSat Design Specification s
Elements Elements Elements _ _ | _ . version = "0.1 (SSWG Initial Review Oct 2015)"}
Active Hyperink = "hitp://cubesat org/index. php/documents/developers”
gﬁ;ﬁ:&tlanmtgggl'l;éggg Lni?r?i: ;silgte[z)ilrr]aswrici%i_rgwents from the Cal Poly Cubesat Design Specification, rev 13.
i) -
Mission specific enterprise needs, objectives, constraints, - e
and measures of effectiveness e L
Mission use cases and requirements e B e e— .
Segment use cases and requirements |
Subsystem requirements __—— 8B @
.--M-‘h
. C U B E S A T |J-\ppendices
B % iggg:g:: gigzysearfgggciﬁcation Drawing
CubeSat Design Specification Rev. 1 £ Appendix C: Checklists (In Work)
CubeSat Reference Model Provides the Foundation for the

CubeSat Mission Specific Model
Cal Poly Design Spec SysML Model Organization

Best-Known Successes

% Architecture Frameworks: Unified Profile for DoDAF and MoDAF(UPDM); evolving into the
) O_; “Architecture Framework” (AF)

[A7RY Business Process Modeling Notation: BPMN™ provides businesses with the capability of

understanding their internal business procedures Next Steps

"& Clommo-n Objet?t Request_B_roker Architecture: CORBA® remains the only language - and |

L4 platform-neutral interoperability standard Continue Development of Model

!/)"'é/s* E}?Elgtgiggtir?gﬂ%?w Service: DDS™, Real-time, data-centric, publish-subscribe OMG specification Engage University CubeSat Team and Update Model
IV o = Meta-Object Facility: MOF™, the repository standard and the basis for non-proprietary tool Provide Model to University Team and Refine Model

watseaiaiy USage. A central way to query, view and transform languages.

=  Model Based Systems Engineering (MBSE) — with INCOSE: Provides processes & methods

a' used in industry with specific emphasis on methodology and develops useful metrics that can be _
= used on MBSE-related programs & projects; more specifically, tool metrics & process metrics. OMG Process for Adoptlng a CubeSat Reference Model

_—
= . Systems Modeling Language: SysML™ supports the specification, analysis, design, and Deve|op a Request for Proposa (RFP) which SpECiﬁES
verification and validation of a broad range of complex systems. _
the requirements for a CubeSat Reference Model

OMG issue RFP
-~ XML Metadata Interchange: XMI®, the XML-UML standard purpose is to enable easy

= — interchange of metadata between UML-based modeling tools & MOF-based metadata repositories. OMG evaluates submitted CubeSat Reference Models and adopts one
Space Specifications Software-Based Communications

‘t Unified Modeling Language: UML® remains the world’s only standardized modeling language

* XTCE (XML Telemetry and Command Exchange) = °* Software-Defined Radio, Cognitive Radio
$# 8 ° GEMS (Ground Equipment Monitoring Service)

: ::':_- * SOLM (Spacecraft Operations Language Metamodel)
“22 7% Work-In-Process

(modeling SW-based communications)
* JTRS SCA Standard Modeling _
* CORBA run-time infrastructure 2016 Small Satellite Conference Poster SSC15-P2-18

* XTCE 1.2 Revision Task Force deadline 23 May 2016 *  Works with other organizations (WInn Copyrlght © 2016 by INCOSE SSWG. All rightS reserved.
Forum, IEEE, JPEQ)




	Slide Number 1
	Slide Number 2

