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Complex Orbital Dynamics
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Autonomous Algorithm Simulation
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Software Challenges
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Academic - Industry Challenges

Academia
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New Integrated Collaborations
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® Laporato . l_
\Q’/ Laboratory for Atmospheric and Space Physics

University of Colorado Boulder

Developed a close mission analysis and research collaboration
that directly engages graduate students in challenging mission.
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Basilisk Software Architecture (Analysis)

Python Simulation Scenario Scripts

|

Realtime Visualization

Spacecraft MPI FSW
Simulation Algorithms
C++ ANSI-C
Modules l Modules

Monte-Carlo Capability |
Speeds up to 700-1000x Swig Python Interface Layer

Software Realtime Mode
|ISC Open Source License

Vi o
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Basilisk Software Architecture (Flatsat)

Python Scripts

|

Realtime Visualization

Spacecratt MPI FSW
Simulation Algorithms
TCP/IP J
C_|__|_ ANS'-C
Modules [ Modules
Com
Python Interface Layer Flight Computer
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Message Passing Interface for BSK Modules

MP]

Module T = msg 1
msg 2 \
T Module 2

msg 3

msg 4

Module 3 . msg 5

\ Module 4
msg 6 7

msg /

-
msg 8 Creates a common AP for

modules to communicate, thus
creating module exchangeabillity.
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Sample Spacecraft Simulation Setup

Spacecraft Simulation
ACS Thrusters

EOM
RW 1 : = TH 1 TH 2 TH 3 TH 4 s
- flexible panel
cmds RW 2 . fuel slosh TH5 TH 6 TH7 TH 8
- RW jitter
AR - Gravity harmonics oV Thrusters
- N-body gravity TH 1 TH 2
R - SRPvia OpenGL : omds
- drag vai OpenGL TH 3 TH 4
l l l | | | | | The C++ device
Rate Gyro Star Accelero Magneto Css Css Css o GSS modules can
Tracker meter meter '
css css css css ~e€aslly be added
and connected
Star Wlth thg the
Tracker simulation.

Communication Layer
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Spacecraft Environment Integration

Spacecraft Simulation

OO Gravity Model
B O / Neutral Density.
O? Model
f

cmds RW 2 Atmospheric

: S Feleeleletele Drag Model .
RW 3 Planetary Wind

Model

RW 4

Solar Radiation
Pressure

ACS Thrusters

TH1  TH2  TH3  TH4

TH5  TH6 = TH7 | THS8

cmds
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Monte-Carlo Multi-Processing

« Ability to run Monte-Carlo simulations with a range of dispersion
o Data is retained between runs

o [akes advantage of multi-core processors and hyper-threading
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Python MC simulation class
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Swig Python Interface Layer
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Reaction Wheels Control Moment Gyros Double Gimbal

Static Imbalance Dynamic Imbalance Control Moment Gyros

- g. | .
e , \
~ e ~ L Physics Based Solved the imbalanced RW spacecraft

dynamics in a manner that complies with power
rate and angular momentum conservation.
\ /

Imbalance Modeling
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- 0
Solved the spacecraft dynamics in a general,

closed-form manner for a series of hinged panels.
- /
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Depletable mass system with general setup of

tanks, thrusters and connections
Nozzle 1 Nozzle 2 Nozzle 3 Nozzle 4 Nozzle 5 N /




Prepare CAD Model

v

Generate BVH

Lit facet

- Shadowed facet

- Unlit facet
=l Sun vector

D model with

terial properties y
I Compute Ray Plane ‘

v

— Ray Generation

\

BVH Traversal

v :

Intersection Testing 4

\

SRP Computation

Jse GPU to evaluate  /

z [m]
] | D, P |
h & O N = © = N W & O
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' g x [m] )
forces and torques  L—No—"rermimmen : o 5
using custom vertex Yés ¢ . A
v Drag forces can be rapidly computed on complex,
shaders Return Force and time-varying geometries at speeds suitable for
‘ Torque ARGSE . P .
even hardware in-the-loop scenarios.

GPU OpenCL execution \

CPU execution "
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Heterogeneous Distributed Simulation Capability
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Basilisk Software Architecture (Analysis)

Python Simulation Scenario Scripts

|

Realtime Visualization

Spacecraft MPI FSW
Simulation Algorithms
C++ ANSI-C
Modules l Modules

Monte-Carlo Capability |
Speeds up to 700-1000x Swig Python Interface Layer

Software Realtime Mode
|ISC Open Source License
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