L2 OreSat

A Tutorial for CubeSat Mission Planning with SysML in Eclipse Papyrus

Open Source CubeSat Workshop 2021

Risto Rushford

Portland State Aerospace Society at Portland State University
1900 SW 4th Avenue ste 160, Portland, OR 97201
208-819-5997 / cbr3@pdx.edu



mailto:cbr3@pdx.edu

Background: PSAS



Open Source Space Hipsters from Portland

e Extracurricular interdisciplinary team-based hands-on student aerospace
project
e Militantly interdisciplinary
o “Space Program” model, not a “satellite club” model (Space Business Simulator)
o Not just ME/EE/CS; also business, math, physics, marketing, psychology

e Completely open source

e No formal funding source
o  Crowdfunding
o NASA Oregon Space Grant Consortium grants

e \We have no idea what we’re doing (just delivered our first CubeSat)



lety

O
O
7))
)
@)
©
Q.
n
O
|
D
<C
D
e
©
)
7))
O
-
©
ju
O
al




Inda built a nanosat

Oh hey we k
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The importance of Mission Planning:
Space is Hard

...and You Can’t Think of Everything



Space is hard to plan for

So many
requirements!!!

E3 Compliance Requirements |

«Requirement»
Design Requirem ents

id=C-1
text= OreSat designs shall be in full compliance
with:

)
J

«Requirement»
Regulatory Requirements

id=C-2
text= OreSat mission shall be performed in
compliance with:

«Requirement»
CubeSat Design Specification v13
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]
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«Requirement»

id=C-1.1
text= Cal Poly CubeSat Design Specification
(CDS) v13

«Requirement»
Nanoracks CubeSat Deployer Interface

NOAA waiver

id=C-2.1
text= NOAA earth observation waiver/licensing
requirements

«Requirement»

id=C-1.2
text= NanoRacks CubeSat Deployer Interface
Control Docum ent (NR-SRD-029) Revision 0.36

«Requirement»
NASA Launch Services Program

IARU coordination

id=C-2.2
text= International Am ateur Radio Union (IARU)
frequency coordination guidelines

«Requirement»

id=C-1.3
text= NASA Launch Services Program
Requirements Document (LSP-REQ-317.01)

FCC coordination

id=C-23
text= Federal Communications Commission
frequency coordination requirements




You can’t think of everything

So much context

= Mission Context

1

«Block»
& Earth

+ earth

= Oregon: subject[1]

+ launch environment
«Block»
£ Launch Environment
Acoustic: launch loads
Vibration: launch loads
Structural: launch loads

0Doo

+ mission context © Cirrus Clouds: subject [1.4]
0.1 Fusers 4} + mission enterprise
«Block» «Block>»
] Users = Mission Enterprise
S Students: users [1.4] atiribies

= Educators: users [1..*]

Image Quality: measure of effectiveness
Field of View: measure of effectiveness

Mission Life: measure of effectiveness

Life Cycle Cost measure of effectiveness

Pointing Accuracy: measure of effectiveness
Ground Spectral Distance: measure of effectiveness
Location Accuracy: measure of effectiveness

«Block»
g Spacecraft Environment

_

i+
0.1 + spacecraft environment

5 Internal: vehicle state
5 Surface: vehicle state

+ space environment
«Block»
=] Space Environment

Space Debris: environment factor [1..4]
Low Earth Orbit environment factor [1]
Magnetosphere: environment factor [1]
Gravity Well: environment factor [1]
Endoatmosphere: environment factor [1]
Radiation: environment factor [1]

Oooo@o@

Launch Date: measure of effectiveness vehicle state i
Total Cost measure of effectiveness !
+ mission enterprise '
i
i
|
I
I
|
¢ " J{ iltemFlow>
0.1 + launch segment 0.1 + ground segm ent 1 + oresat \a
«Block» «Block» «Block» Leosponman
= Launch Segment =] Ground Segment =l OreSat «ltemFlow»
= Launch Vehicle 2 Ground Station (UniCIOGS): ground systems [1..] (= Bus: subsystem [1]
9 ISS EL Ground Station (SatNOGS): ground systems [1..] & OreSat Live Camera: payload [1]
EL Mission Operations: ground systems [1..*] = Cirrus Flux Cam: payload [1]
operations TR = : subsystem [1] 8
& +launch() @ + satellite tracking() S On-board Computer: subsystem [1] =]
@ + deploy( @ + transmit/ receive() Communications: subsystem [1] =
@ +command & control() Power: subsystem [1] l;
(=)

0.1 + launch operations
«Block»

aunch Operations

& Integration Facility [1]

operations
@ +integration()

Thermal: subsystem [1]

see

operations
+ earth observation()
+ attitude control()
+ communication()

«Block»
GPS

& Positioning Data

operations
& provide gps data()

«Block»
£ omit

Eccentricity: orbit parameter
Semi-Major Axis: orbit param eter
Inclination: orbit param eter
RAAN: orbit param eter
Arg of Periapsis: orbit e
True Anomaly: orbit parameter

orbit parameters



You can’t think of everything

e Complex Scenarios
£3 1-OreSat Live

& go to oresatorg for live tracking

v «include»
A}

R \

© Approve session

’
’

© Participate in OreSat Live

& Download live video from space

Mission Control

Learn Facilitate

© Configure OreSat to point and transmit live videg

\

«Stakeholder» «Stakeholder» «Stakeholder»
Students Educational Partners PSAS
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So it helps if you can track it and trace it

e QOrganize everything to facilitate growing the model with traceability

7) oresat-mission-planning - oresat-sysml/oresat-mission-planning.di - Papyrus
File Edit Navigate Search Papyrus Project Run Window Help

O~ERNWNEB-A-BAvidg -~ B R-B s> H o

B®V|e i =0
v & oresat-sysml [oresat-mission-planning main]

> &% Diagrams

v 73 oresat-mission-planning

5 Project Explorer X

_en_US.properties

Ew@gliens -0
v B3 oresat-mission-planning
%2 pkg [Model Organization]

> %4 <Package Import> UML Primitive Types
%4 <Package Import> Libraries
£3 Mission Context

= <Comment> Mission Level
~ B3 1-Stakeholder Analysis

> B3 1-Mission Objectives

& Model Explorer x

<

B | 75%

vitsv O v Rvim Hviliv iVt

P v v | MEDiB T

79 oresat-mission-planning.di X @ C\Users\risto\OneDrive - Rushford Space Mission Consulting\3 Github\oresat-

= Mission Context

1 Siearn

Oregon: subject (1]
£ Ginus Clouds: subject [1.4]

10

ion-p!

ing t-sysml\oresat-context.pni

1 < aunch enviroAment.

v

“Blocks
E Launch Environment

‘Acoustc: launch loads.
Vibration: launch loads
£ Swucwrat lunch loads

1 J/ + misgiort enterise

- space environment

“Blacks
 Space Environment

ot +bseis
«Blocks «Block»
B Users = Mission Enterprise
‘Students: users [1.4] swibutes
Educators users [1.4] Image Quality: measure of sffectiveness BRI P : :
Fisld of View: measure of effectiveness. 0.1 + spacecratt environment
Pointing Accuracy: measure of effectivenass : «Blocks.

Ground Spectral Distance: measure of effectveness
Location Accuracy: measure of effectiveness
Mission Life: measure of effectiveness

Life Cycle Cost measure of effectiveness

EE Spacecraft Environment
Intemat. vehicle state
Surface: vehicle swate

Space Debris: environment factor [1.*]
Low Earth Orbic environment factor (1]
Magnetosphere: environment facsor [1]
Gravity Wel: environment factor [1]
Endoatmosphere: environment factor [1]

£ Radiation: environment factor [1]

Launch Date: measure of effectiveness. “vericle sate
Total Cost measure of effectiveness N S

“Blocks
Eces

I ' = Postioning Data
> B3 2-Stakeholder Viewpoints Vi operations
j 3 3 witemFlows @ provide gps dawa)
> B2 3-Use Cases 0.1 J! < faunch segment - 0.1 i + ground segment. 1 & Somssi Ty
> / Leamn «Blocks «Blocks 3 «Blocks 1, OPSRE
& . 2 Launch Segment = Ground Segment n = Oresar
Z Facilitate Launch Vehicle Ground Station (UniCIOGS): ground systems [1.%] Bus: subsystem [1]
/ Mission Control = Iss £3 Ground Station (SatNOGS): ground systems [1.%] o, .|= OresatLive Camera: payload (1] «Blocks
v B2 - Z = e Stakeholder Analysi iR ContralleA: p 1.4] £ Cius Flux Cam: payload [1] Eomit
oresat-mission-planning: -Stakeholder Analysis:Mission Control (Association) D e R ]
~ B3 Compliance Requirements @ - launch() B emactog) On-board Computer. subsystem (1] Semi-Major Axis: orbit parameter
. . @ = deploy) S Communicatons: subsystem (1) Incination: orbit parameter
B req [Cémphance Regulrements] s Chta m R i s
> B «Req Design Req Themnat subsystem (1] Argument of Perapsis: orbit parameter
m one e True Anomaly: orbit parameter
acin el S e s operations
0.1 < faunch operations @ + eanth obsewation)
“Blocks

5 Outline X

—

= Launch Operations

5 Integration Facilty (1]

‘operatons.
@ - integration()

@ - amiude convol)
@ + communicaton()

"ot parameters
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About SysML (Systems Modeling Language)

e Not just diagrams e Common basis for analysis and design
SysML Diagram
A
l — — |
Behavior ' Requirement 4 Structure
Diagram : Diagram 1 Diagram
p 2 =80 4
[ 1 1 | 1
Activity Sequence I State Machine Use Case Block Definition| | internaiBlock | | Package |
Diagram Diagram Diagram Diagram Diagram Diagram | Diagram
"
| Pamametric 1
¢ Dlagram
| ssmeasome2 |  Madaaa !
| Modified from umL 2 |

| Twwangnm ope | Visit https://www.omgsysml.org/what-is-sysml.htm to learn more 12



https://www.omgsysml.org/what-is-sysml.htm

About Eclipse Papyrus

e “An open source project to
provide an integrated
environment for editing UML and
SysML models”

Visit https://www.eclipse.org/papyrus/
to learn more

.DQ

B63C
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https://www.eclipse.org/papyrus/

Inspirations

ARCHITECTING SPACECRAFT
WITH SYSMl

DISTILLED

A Brier Guipe 10
THE SYSTEMS

MODELING LANG

LENNY DELLIGATTI
Forewords by RICK STEINER
and RICHARD SOL

SANFORD FRIEDENTHAL
CHRISTOPHER OSTER

Spacé ‘Mission
Engineering:
The New SMAD

edited by:

James R. Wertz
Microcosm
University of Southemn California

David F. Everett
NASA Goddard
Space Flight Center

Jeffery J. Puschell
Raytheon

Space
Technology
Library



Inspirations

e (Great resources, but...
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Hence this tutorial

e Very much a work in progress (editing existing sections, planning future ones)
e Representative, not exhaustive

e Sections so far

o SysML Intro and Installation
o Starting a Project

Everything is available at https://github.com/oresat/oresat-mission-planning

16


https://github.com/oresat/oresat-mission-planning/blob/main/mission-planning-tutorial/1%20SysML%20Intro%20and%20Installation.pdf
https://github.com/oresat/oresat-mission-planning/blob/main/mission-planning-tutorial/2%20Starting%20a%20Project.pdf
https://github.com/oresat/oresat-mission-planning

More Information/Contact



More Information

A good place to start: https://www.oresat.org/

Full OreSat source at: https://github.com/oresat

More open source aerospace: https://www.pdxaerospace.org/
Contact PSAS at aerospace@pdx.edu

Contact Risto directly at risto.rushford@gmail.com

Thank you!
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