Modeling & Simulation of CubeSat Mission

Model-Based Systems Engineering (MBSE) Behavioral Modeling and Execution
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System Engineering Challenges

Conventional approaches:
A Focus on subset of subsystems
I Oversimplified, low fidelity
I Neglect subsystem interactions

A Requirements verification using average/best/worst-cases

Ve ye ~ Ve

i FalOT AADOOOA OAAI EQ@EAsOAUT Al E/

A Models and simulations are not integrated!
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I Not modular, extensible, reusable

Why? Lack of integrated modeling/simulation tools to
enable system-level engineering design/analysis.
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System EngineeringChallenges

Particularly an issue for CubeSats ! because:
A Physical components physically integrated
Motivation A Extremely constrained:
Overview I Limited ability to collect and store energy (e.g. batteries)
Modeling A Operational constraints/ decisions coupled
SUYIET i When to collect data versus download data?
e lllER A Obits are unknown/ dynamic
I Little/ no control over launch orbit
I Experience variation in eclipse duration, may derbit
A Operate in inefficient/ stochastic environments

Reflections

Future Work

Integrated models and tools are critical
to design and plan for these missions!
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1Type of miniature spacecraft (1U = 10ci <1 kg)

Image Credit: www.cubesatkit.com
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Model-Based Systems Engineering (MBSE

why MBSE?

1) Enables systerdevel model capture
Motivation A Formal, accurate, authoritative single source
Overview A Contains elements, relationships, interactions

HleekElllng A Multiple compatible views, e.g. physicalfunctional

Simulating

A Requirements verification and traceability
Design Trades

Reflections

Future Work
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Model-Based Systems Engineering (MBSE)

Why MBSE?
2) Enables integration of models and simulations

Motivation A Connect systeralevel model to analytical tools (STKMatlab)

Overview

Modeling

Simulating

Design Trades

A Execute dynamic simulation of endo-end mission

A Identify failure to satisfy requirements, suboptimal designs
A Accommodates reevaluation when designchangesoccur

A Enables cesimulation: simultaneous vehicle/ mission design

Reflections
Future Work
SysML = ' = STK ,Matlab
Models s = — = Simulation
B Tools
- 5 O
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Motivating Mission Example

Radio Aurora Explorer (RAX)CubeSamission
Science target: plasma irregularities in ionosphere
ViEiETE Experimental zone in Poker Flat, Alaska
Global ground station network

Vehicle constraints: solar panels, battery, data buffer

Overview

To Io Io Io Do

Modeling

Simulating

Design Trades

Reflections

Future Work
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Motivating Mission Example

Systems engineering questions :

A How do satellite states evolve throughout mission?
Motivation

Overyi A Doesthe vehicledesign/operations meetall mission requirements?
verview

A How do changes in spacecraft mission parameters impact

Modeling . . .
performance and requirements satisfaction?

Simulating
Design Trades
Reflections

Future Work
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Goal #1: Develop fundamental systems model of CubeSat mission
Motivation Capture structure, function, relationships,requirements, traceability.
Overview PrettyclekarAOO EA UI O ET T x xEAO Ul 06 O&
Modeling

Simulating

e CEREY  Goal #2: Execute realistic behavioral CubeSat scenarios

Reflections . . ) .
Capture operatlonal opportunltles, State evolutlon, miIssion performance.

F Work .
e vr No clear way to do this in March 2013.

Potential tools:MagicDraw? Simulation Tool Kit (STK)Matlab? Phoenix
ModelCente? Cameo Simulation Toolkit?

[1] S. Spangelo, IXaslow, CDelp, L. Anderson, B. Cole, Eoysg L. Cheng, RYntema M. Bajaj, GSoremekum and J. Cutler,

gl Model Based Systems Engineering (MBSE) Applied to Radio Aurora Explorer (RAX) CubeSat Mission Operational
Scenario® Accepted for IEEE Aerospace Conference, 2013, Big Sky, MT, March 2013.

[1] S. Spangelo, DKaslow, CDelp, B. Cole, L. Anderson, E. Fosse, L. Hartman, B. Gilbert*add # @plyidgModel@ased
Systems Engineering (MBSE) to a Standard CubeSdt éfd¥pace Conference, 2012, Big Sky, MT, March 2012. 8
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Project Deliverables:
A Systemslevel SysMLmodel (in MagicDraw)
I Structure of mission architecture and vehicle

Motivation
Overview

Modeling
Simulating I Requirements definition and traceability

Design Trades I Parametric diagrams to capture analytical relationships
Reflections A Evaluated using MBSE Analyzer
Future Work I Behavioral diagrams to capture dynamic operations
A Executed using Cameo Simulation Toolkit and MBSE Analyzer
A Analytical modelsfor describing behavior

I STK Matlab, Java
@/ I ModelCenterenabled integration with SysMLand automated
execution of dynamic scenarios

an8J
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Modeling Philosophies

For usability/ extensibility

A

Modularity : re-usablelibraries of parts
e.g. constrainblock modules are raised in many parametridiagrams

Patterning : re-use of modeling patterns
e.g. common pattern in Powemd Data Managemensubsystems

Nomenclature : simple and sufficiently descriptive
e.g. subsystem naming codes used for date and power values

10
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CubeSat Systenviodel Architecture
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The system model captures requirements,
structure, behavior, and parametrics .
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Structural Diagrams
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Parametric Diagram

Constraint blocks defines opportunities

par [Block] CubeSathission [ [B5| GetStates U :

sun state (1:
insun, 0:in
- |eclipse)

Download state if no

communication
(did_state=0), else if
communication

spacecraft : Spacecraft

orbit : Orbit

I ST

TLUUUTT T ApogedAttitide | km

«constraints
«MC_Components
getStates : GetStates

apogee_altitude : km
arg_perigee : degree

ArgOfPerigee - Real

inclination : degree

perigee_altitude : km
raan : degree
true_anomaly : degree

orbit_epoch : sec

Perigechlitude | km

RA&AN - Real

attitudeScheme : Attitude Scheme

[ T T TN

spin_rate : Real

vehicle : Vehicle

. time_gpoch [ Real

[]

sTime : sec

time_step: sec

St;apSize sec

LTT]

total_mass : kg
~| sun_state : Real

aagi

|
| xp_solar_angle : degree

| yp_solar_angle : degree | |
|

xm_solar_angle : degree i

| ym_solar_angle : degree I
1

sun_state : Real -
sal:Real .. .. 0. . . .
=a2 : Real

Pointing to a ModelCenter

model with STK andMatlab
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ModelCenterModel

STK andMatlab Plug-Ins
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Analysis models (STKMatlab) wrapped and integrated with ModelCenter
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MBSE Analyzer 15
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