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What if Satellites Disappeared?



Assumed Space Object Population
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Total Objects

Fragmentation Debris

Spacecraft

Mission-related Debris

Rocket Bodies

Iridium-Cosmos Collision

Chinese Antisatellite Test

Cataloged Objects in Earth Orbit

National Aeronautics and Space Administration

~1200		άLiveέ	objects

~20,000	objects		>10cm

~3-600,000	objects		>1cm

Space	participants	are	proliferating	ς43	
countries	today

Before	the	Iridium-Cosmos	
collision	and	the	Chinese	

ASAT	test
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Estimated	Altitude	Debris	Distribution	(km)

~LEO

~GEO

Sources Sinks
ω	New	Live	objects/satellites	

ω	All	space	object	weathering		leads	to	flaking,	chipping,	erosion

ω	Mission/deployment	related	debris

ω	Gravity	fatigue	and	torqueing	self	destruction

ω	Dead	objects/debris	and	explosions

ω	Fretting	fatigue	causing	structural	failure

De-orbiting	objects:
Space	environment	and/or	

gravitationally		induced	
perturbations	about	1-3	per	

day



Space Object Population Growth Over Time



Example: Iridium vs Cosmos Collision



Currently Tracked Resident Space Object Population

Legend

Å Active satellite

Å Inactive satellite

Å Rocket body

Å Debris

Å Uncategorized



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 45° inclination 150 1000 2021 Telesat

Telesat 98° inclination 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

Total 8593Courtesy Prof. Marek Ziebart, 

UCL

Planned US Sources to the Space Object Population
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Planned US Sources to the Space Object Population



Whatôs The Problem?



The Space Frontier: Wild West!

ÅLittle-to-no Rules, no real-estate deeds: What should be regulated? ñLawlessness 

of the Westò

ÅPotential to make lots and lots of money near term: ñGold Rushò Bonanza!

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

ñTranscontinental Railroadò

ÅñNew Spaceò not following the paradigm of traditional space actors. Where is 

cost cut?



There are no Space Traffic rules!



Traditional Ecological Knowledge (for Space)

ÅFactual Observations

- Development of a taxonomy, knowledge graph, models, etc.

ÅSustainable Use of Resources: Management Systems

- Registries and databases, data sharing, coordination, etc.

ÅPast and Current Uses

- Geopolitical, types of missions, military/civil/commercial, etc.

ÅEthics and Values

- Norms of Behavior, UN COPUOS, UN PAROS, etc.

ÅCultural Relationships

- Apollo missions, International Space Station, etc.

ÅCosmology (Anthropological)

- Societal relationship with space, obligations, beliefs, existential interpretations, etc.



Space Events and Processes Venn Diagram
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Traditional Ecological Knowledge

Ethics
Norms of Behavior

Moral Code

Judgements
Knowledge

Empirical Observations

Astrodynamics

Space Environment 

Models 

Causal Relationships

Human Impacts and 

Effects

Practice
Data Sharing

Traffic Management

Skills

Respect
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Space Situational Awareness and 
Space Traffic Management



SSA: The ñWhyò
Space Hazard

ñA Harsh Environmentò

Space Hazards
ñTheSafety of Flightò

Space Threats
ñThe Adversaryò

The space environment is hostile 

and hazardous

Å Electronics upset

Å Materials age

Å Radio waves degrade

The space environment affects the 

dynamic behavior of objects

There are many space objectsð

many dead, some not

Å Paths only approximately 

known

Å Space is more crowded today

Space objects are hazardous to 

each other

Å The probability is low, but the 

consequences are very high!

Space is contested by adversaries 

today

Å The required methods to address 

the threat are new

Å The methods cross many 

phenomenologies and disciplines

Å As long 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

Å We must be able to attribute cause 

of behavior: intentional vs 

unintentional

The environment needs to be 

understood and managed

Traffic management of space 

congestion needs to assure safe 

operations, security, and sustainability

The threat must be detected, 

understood, and addressed

To Know it, you MUST Measure it; to Understand it, you MUST Predict it!



ÅTransparency
- Open and accessible space object and event data sharing

ÅAccountability
- We must be able to monitor all behavior and given the evidence, come to common conclusions and infer 

similar causal relationships

ÅPredictability
- Communication

Å Preemptive sharing of details (registering events) for planned events like maneuvers, launches, deployments, 

etc.

- Cultural Competency
Å What is Sharia interpretation of the UN LTS Guidelines?

Å Do Israeli satellites maneuver on Shabbat?

Å Bottom Line: Can we predict what any space actor will do for any given space event?

- Accurate and precisely modeled astrodynamics and space events
Å Ephemerides and related parameters

Å Space weather predictions

SSA: The ñWhatò it should provide



Essential Ingredients For Success

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

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

ÅSustainability Metrics
- Space Traffic Footprint (STF)

- Orbital Capacity

- Space Sustainability Rating

ÅDevelopment 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!



Space Traffic Footprint

ÅImpact or risk to space services, capabilities, and activities by quantifying 
any specific space objectôs burden upon space safety, security, and 
environmental/operational sustainability.

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

ÅWhat is the effect of any given objectôs existence in space upon the 
operational calculus of other users and space operators? How much 
orbital capacity does any given object take?



Space Traffic Footprint

ÅMust be independently measurable

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

ÅAlgorithm/process must be transparent and accepted as a community standard

ÅMust be repeatable, consistent, and unbiased

ÅMust be individual and cumulative, and people must be able to actively 
minimize it



Space Traffic Footprint

ÅIs 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

y

Trackabilit

y

Robust 

Design

Design for 

Demise

Neighborhood 

Population Size

Event 

Coordination

Natural Removal 

Regime STF

ISS 2 1 1 1 3 10 2 3 2.875

Flock 1C 10 9 5 2 7 8 2 2 4 4.875

WorldView1 4 3 2 4 8 4 2 4 3.875

Fengyun 1C 

Deb 10 8 10 10 8 2 10 4 7.75



We have a few challenges!



Space Environment Effects and Impacts

Solar	array	arc	from	
surface	charging

Microelectronics
bit	flips,	latch-ups

Sudden	solar	array	power	
decrease	due	to	radiation	
event

Discharge	from	internal	charge	
accumulation

Electromagnetic	
pulse	from	
vehicle	discharge	

Vehicle	and	Payload	Anomalies

Sensor	Noise Arcing	Damage Solar	RFI
Signal	Scintillation

Non-Uniform	Gravity

We apply time and effort to operate through the space environment impacts.  They are 

a background noise that could conceal real threats.

The	Space	Environment	imposes
ÁDesign	constraints
ÁPerformance	limitations
ÁKnowledge	uncertainties

Material	Aging	&	Damage

The	Problems



Anomaly Attribution

*From: Susan Andrews, ñDistributed Threat Warning Studyò, MIT/LL Conference

Halloween 2003 Storms Retrospective Analysis*



Confirmation Bias

ÅTendency 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

ÅMany of those whoôve contributed to the present-day problems are the only ones who have 
access to provide solutions



What Happens When We Donôt Share Information?
Partial Knowledge Can Lead to Wrong Decisions

You MUST Measure It to Know It; you MUST Predict It to Understand It!



Forces acting on a Spacecraft

PRP

(planetary radiation

pressure)

and atmospheric drag

Thermal forcing

(TRR)

Antenna thrust

(AT)



Understanding a Population
ñTag and Trackò

ÅIdentify individuals of a certain species in the population

ÅTag those individuals

ÅFormulate initial hypotheses

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

ÅTest hypotheses

ÅIdentify correlations

ÅInfer or determine causal relationships



Detecting Vs Tracking
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Detections

Correlated Obs

GEO	Search

GPS/Astronomical	
Calibration	Collects

MolniyaSearch

Synoptic	search	produces	>	10k	observations	on	1000Ωs	of	targets	nightly



Unique Space Object Identification



Ontologies



Data Engineering, Modeling, Science, and Analytics

Images from Oracle



From Data to Discovery: Patterns in the Graph

ÅDiscovering òLatent Knowledgeò

ÅOur framework facilitates multi-source information curation and analytics to identify correlations

- One must ask the right question (make the correct query)

ÅFind which correlations have causal relationships

ÅLink these data (e.g. Vietoris-Rips Complex, Voronoi Clustering)



Example of Hot Science and Cool Result from Our 
ASTRIA Research!



Biometrically-Inspired Space Object Recognition (BISOR)


