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What percentage of time would you be
comfortable with a machine getting

YOU
from point A to point B
AUTONOMOUSLY?
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0-40%
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50-80%
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90+%
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B3 People
Tesla Driver Appears sp at the Wheel on Calif. Highway

~

eo Footage: s Conked Out'

B Daily Mail
Woman is filmed 'asleep' at the wheel of her Tesla for 15
minutes on California highway

eel; Female

e MBC Mews

Tesla driver slept as car was going over 80 mph on Autopilot,
Wisconsin officials say

1d the wheel of his

Credit: Google.com “driver asleep in Telsa”
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What if | said
YOU ARE

comfortable with a machine getting you
from point A to point B while automated

75-90%
of the time?
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Image Credit: Midjourney (Al text to Image Generation)
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Airline Flight Statistics

877
Million
Passengers

*From Jan to Oct 2023

Source: https://www.transtats.bts.gov/Data_Elements.aspx?Data=4
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7.7
Million
Flights

*From Jan to Oct 2023

Source: https://www.transtats.bts.gov/Data_Elements.aspx?Data=4
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Air vs. Space

Number of Airline Passengers
(Billions)

Data Credit: https://www.iea.org/t_c/termsandconditions/

A

"

SDL.

2014

2018

Number of Satellites on Orbit

8000
7000
6000
5000
4000

3000 I

J
2000
1000 //

O TTTTTTTTTTTTTT T TTT T T T T T T T T T T T T T T T T T T T T I T T T T I TITTITITITITITITITTI
N~ — LN a on N~ — LN (@)} o N~ — LN (e)) on N~ —
n OW OW O N N 0O 60 60 OO OO O O O i «+=H o
a o o o o o o o o o o O O o o o o
i i i i — i i i — — — o (V] (V] (V] (@l (9V]

Year

Data Credit: https://www.statista.com/statistics/1422809/number-of-satellites-cataloged-decayed-
orbit/#:~:text=According%20to%20an%20online%20catalog,having%20launched%20in%200ctober%201957.
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Project Goal

Create an Artificial Intelligence/Machine Learning (Al/ML) system to
fly a vehicle autonomously or with minimal human interactions
while optimizing the three main areas of a satellite, i.e., Data
Collection, Data Downlinking, and Vehicle Health from either the
ground or onboard the vehicle
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Building AI/ML Model Framework and Models
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The General Idea

Al Onboard Vehicle: :g:g ‘ g ‘ .

Command(s) To
Be Executed

Telemetry Data Al/ML Model(s)

wonecans > [l E = 2w X

High Fidelity Command(s) To Be Operator Upload To

Digi " .
igital Twin Simulation Executed Review Vehicle
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Attempt 1: The Monolithic Model(s)

* Built a complicated model whose actions
contained several parameters

— Normal RL models’ actions are a list of
things to do like kick, jump, run

— This RL model’s action space was more
like:
» Kick (velocity, angle)
* Jump (height)
* Run (distance, velocity)

« Model was given a state and learned what
actions it should take and the parameters it
should pass to those actions

* VERY long training times for a 2-hour
simulation

— (6+ hours)
« Didn'’t quite converge to desired results
_ TOO mUCh Jltter in mOdel Image Credit: Space Dynamics Laboratory
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Concept Network

« Selectors
— Could be Al based or Classical

— Chooses the best Concept Node
based off of State
— Uses Selected Concept Node
Action as its output action
» Concept Nodes

— Could be Al based or Classical
algorithms

— Based off of State it chooses the
best action to take for the goal of
the concept
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Action Taken

Concept
C

Concept
B

Selector Controller _
Classical Controller _

Neural Controller

Input State
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Concept Network

Selector Controller _
Classical Controller _

Neural Controller

Mode Slew Payload Downlink Etc.
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Attempt 2: Modular Concept Network

 Broke Monolithic Model into
sub models that do specific
tasks

* Decreased training time per
model
— Average training time is
between 30 min to 1 hour

* Allows for modular models to
be added or removed

« Complete Model Framework
allows for either models or
proven algorithms to be
interchanged

Image Credit: Space Dynamics Laboratory

+ A SDL/24-0177 Rev. -
A spL »

17



X spL

Scenara Traiming
Episode vs Score
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—— Param Model Scores

Action Model Scores
—— Param Max Score: 343033.3333 dx:
— Action Max Score; 0.0 idx: 0

Image Credit: Space Dynamics Laboratory

20 30
Episode

SDL/24-0177 Rev. -

18



Video Demo

Video Credit: Space Dynamics Laboratory
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Not this..... - &

Ty

Image Credit:‘ipedia.org/wiki/chn
ey .
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Image Credit: Midjourney (Al text to Image Generation)
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