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Satellites: So What?

VSAT / Automated Teller Machine Networks

Core Banking Networks ‘ Automated Teller Machines
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What If Satellites Disappeared?
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Assumed Space Object Population
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Space participants are proliferating ¢ 43
countriestoday
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wNew Live objects/ satellites

wAll space object weathering leadsto flaking, chipping, erosion SJ;;;S;&':S;%%?? ;;Sd lor
wMission/ deployment related debris gravitationally induced
wGavity fatigue and torqueing self destruction .

wDead objects/debris and explosions perturba“ondsa?/bOUI 1-3 per

wFretting fatigue causing structural failure




Space Object Population Growth Over Time
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Example: Iridium vs Cosmos Collision

. LY. :.b
SARIDIUM 4
N N * BUM 13
7 X 9

/ot "
ZZRIDIU *-
IH[ M
Dy DIUM 58

;-. \ .\ 20
/ 43 RIDIUM 8

! SRIDIUM 66

darEHium 1 ; GRIDIUM] 2
& | BARIDIUM 57
MRIIUM 7

'r.vaIUM_}s

GRIDIUM 65
ARIDIUM 56

4RIDIUM 42 J

§ RIBIUM 24 _RiDIUM 46
UM gorg -~ X" M a5

NIV 3dRIDIUM 63

The University of Texas at Austin
Aerospace Engineering

and Engineering Mechanics
Cockrell School of Engineering



Currently Tracked Resident Space Object Population
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Planned US Sources to the Space Object Population

Constellation name number of satellites Altitude (km) Launch year (start) Owner
Starlink Phase A 1584 550 2019 SpaceX
Starlink Phase B1 1600 1110 2020 SpaceX
Starlink Phase B2 400 1130 2023 SpaceX
Starlink Phase B3 375 1275 2024 SpaceX
Starlink Phase B4 450 1325 2024 SpaceX
OneWeb 648 1200 2019 OneWeb
Telesat 45inclination 150 1000 2021 Telesat
Telesat 98inclination 150 1150 2022 Telesat
Kuiper Phase 1 1156 630 2022 Blue Origin
Kuiper Phase 2 1296 610 2023 Blue Origin
Kuiper Phase 3 784 590 2024 Blue Origin
Courtesy Prof. Marek Ziebart, Total 8593
UCL
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Planned US Sources to the Space Object Population
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What 6s The Probl e
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The Space Frontier: Wild West!

Little-to-no Rules,noreal-e st at e deeds: Wh at shoul d be re

of the Westo
Potential to make I ots and | ots of money ne

Easier and cheaper access to space seen as the biggest barrier:

ATranscontinent al Rai |l roadbo
ANew Spaceo not following the paradigm of t
cost cut?
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There are no Space Traffic rules!
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Traditional Ecological Knowledge (for Space)

Factual Observations
Development of a taxonomy, knowledge graph, models, etc.

Sustainable Use of Resources: Management Systems
Registries and databases, data sharing, coordination, etc.

Past and Current Uses
Geopolitical, types of missions, military/civil/lcommercial, etc.

Ethics and Values
Norms of Behavior, UN COPUQOS, UN PAROS, etc.

Cultural Relationships
Apollo missions, International Space Station, etc.

Cosmology (Anthropological)
Societal relationship with space, obligations, beliefs, existential interpretations, etc.
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Space Events and Processes Venn Diagram
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aditional Ecological Knowledge

Ethics

Models

Traffic Manage

Skills
Respect Human Impacts and
Techniques Effects
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Space Situational Awareness and
Space Traffic Management
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Space Hazard

AfAA Har sh

The space environment is hostile
and hazardous

A Electronics upset

A Materials age

A Radio waves degrade

The space environment affects the
dynamic behavior of objects

The environment needs to be
understood and managed

SSA:

Environ

T h e

Space Hazards

Nt 0 AThxafety of FI

There are many space objectsd
many dead, some not

A Paths only approximately
known

A Space is more crowded today

Space objects are hazardous to
each other

A The probability is low, but the
consequences are very high!

Traffic management of space
congestion needs to assure safe
operations, security, and sustainability

Space Threats
AThe Adversar

Space is contested by adversaries
today

A The required methods to address
the threat are new

A The methods cross many
phenomenologies and disciplines

A Aslong as we do not fully
understand and measure the space
domain, there will be places to hide
and an ability for us to be deceived!!!

The threat is real, and growing

A We must be able to attribute cause
of behavior: intentional vs
unintentional

The threat must be detected,
understood, and addressed

To Know it, you MUST Measure it; to Understand it, you MUST Predict it!
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SSA: The nWhato 1t s ho

Transparency
Open and accessible space object and event data sharing

Accountability

We must be able to monitor all behavior and given the evidence, come to common conclusions and infer
similar causal relationships

Predictability

Communication
Preemptive sharing of details (registering events) for planned events like maneuvers, launches, deployments,
etc.
Cultural Competency
What is Sharia interpretation of the UN LTS Guidelines?
Do Israeli satellites maneuver on Shabbat?
Bottom Line: Can we predict what any space actor will do for any given space event?
Accurate and precisely modeled astrodynamics and space events
Ephemerides and related parameters
Space weather predictions
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Essential Ingredients For Success

Independent Space Object and Event Behavior Quantification, Monitoring, and
Assessment

Collectively produce the evidence upon which to measure orbital safety, space security, and
operational sustainability

Sustainability Metrics
Space Traffic Footprint (STF)
Orbital Capacity
Space Sustainability Rating

Development and Implementation of Best Practices and Standards
UN COPUOS
IADC
ISO
AIAA

You MUST Measure It to Know It; you MUST Predict It to Understand It!
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Space Traffic Footprint

Impact or risk to space services, capabilities, and activities by quantifying
any specific space objectodos burden wu
environmental/operational sustainability.

It impacts the cost to the operational and user segments of space domain
services.

What 1 s the effect of any given obj e
operational calculus of other users and space operators? How much
orbital capacity does any given object take?
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Space Traffic Footprint

Must be independently measurable

Must be spatio-temporally assessed and updated (i.e. dynamically computed
and updated)

Algorithm/process must be transparent and accepted as a community standard
Must be repeatable, consistent, and unbiased

Must be individual and cumulative, and people must be able to actively
minimize it
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Space Traffic Footprint

Is a calculation risk based on Weighted Variables which parameterizes
the possibility of loss, disruption, or degradation of space activities,
services, or capabilities of other resident space objects given the
existence and behavior of any given RSO. Example:

Maneuverabilit Trackabilit Robust Design for Neighborhood Event Natural Removal
y y Design Demise Population Size  Coordination Regime STF
ISS 2 1 1 1 3 10 2 3 2.875
Flock 1C 10 9 5 2 7 8 2 2 4 4875
WorldView1 4 3 2 4 8 4 2 4 3.875
Fengyun 1C
Deb 10 8 10 10 8 2 10 4 7.75
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We have a few challenges!
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Space Environment Effects and Impacts

Vehicle and Payload Anomalies

Qudden solar array power '\ Solar arrayarcfro
decrease dueto radiation T\ _— surfacecharging
event —_— \ ik

The Problems

Microelectronics
bit flips, latch-ups

Hectromagnetic

pulse from Ll Lt _ ,
vehide discharge ALY Dlschargefromlntelnal charge
, accumulation

The Space Environment imposes
A Design constraints

A Performance limitations

A Knowledge uncertainties

 SnsorNoise ~ ArcingDamage  Solar RA

We apply time and effort to operate through the space environment impacts. They are
a background noise that could conceal real threats.

- The University of Texas at Austin

&/ Aerospace Engineering

and Engineering Mechanics
Cockrell School of Engineering




Anomaly Attribution

Halloween 2003 Storms Retrospective Analysis*

DIRECTED ENERGY ATTACK?
GOES-12 — magnetic torquers disabled
CHPs — spacecraft tumbled, later recovered

Inmarsat — two spacecraft had speed increases on
momentum wheels requiring firing of thrusters

POLAR — despun platform went out of lock 3x; auto
recovery after each event

FedSat — stabilized platform started wobbling

JAMMER ATTACK?

MER 1, MER 2 — Entered sun idle mode after excessive
star tracker events

Kodama — safe mode triggered by increased noise on
Earth sensor, recovered 10 days later

COATER SYSTEM ATTACK?

Midori — power dropped, entered safe mode;
telemetry lost; total loss

GOES — Electron sensors saturated

GALEX — two UV experiments turned off due to high
voltage caused by excessive charge

Chandra — build-up of grease on an optical filter in
front of one cameras

*From: Susan Andrews, fDistributed Threat Warning Studyg MIT/LL Conference
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Confirmation Bias

Tendency to search for, interpret, favor, and recall information in a way that confirms one's

preexisting beliefs or hypotheses, while giving disproportionately less consideration to
alternative possibilities

Many of those whooOove cdanptoblamb ard tleednlytomes whb lgavep r e s e
access to provide solutions
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What Happens When We Donot Shi
Partial Knowledge Can Lead to Wrong Decisions

'HIS IS TRUTH

You MUST Measure It to Know It; you MUST Predict It to Understand It!
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Forces acting on a Spacecraft Antenna thrust (
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Understanding a Population
NTag and racko

ldentify individuals of a certain species in the population
Tag those individuals

Formulate initial hypotheses

Track the behavior of those individuals over time, space, and frequency and
their interactions with their environment to include individuals of other species

Test hypotheses
Identify correlations
Infer or determine causal relationships

The University of Texas at Austin
Aerospace Engineering

and Engineering Mechanics
Cockrell School of Engineering




Detecting Vs Trackin

Detections in Right Ascension and Declination
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Unigue Space Object Identification

Hypotheses Generation

- Unscented Transform

¥

Raw Observations
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Associated Observations
Orbit Estimates
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Ontologies
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Data Engineering, Modeling, Science, and Analytics
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Given demographic data about a set of customers, identify
customer purchasing behavior that is significantly different from
the norm

Find the items that tend to be purchased together and specify
their relationship — market basket analysis

Segment demographic data into clusters and rank the probability
that an individual will belong to a given cluster

Given demographic data about a set of customers, group the
attributes into general characteristics of the customers




From Data to Discovery: Patterns in the Graph

Di scovering oLatent Knowl edgeo

Our framework facilitates multi-source information curation and analytics to identify correlations
One must ask the right question (make the correct query)

Find which correlations have causal relationships
Link these data (e.g. Vietoris-Rips Complex, Voronoi Clustering)
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Example of Hot Science and Cool Result from Our
ASTRIA Research!
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Biometrically-Inspired Space Object Recognition (BISOR)
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