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=pEL Lecture 3 - Space Situational Awareness

Space Stephan Hellmich

(stephan.hellmich@epfl.ch) I. Education
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=PFL Space Situational Awareness (SSA)

“Space Situational Awareness or ‘SSA
means a holistic approach, including

comprehensive knowledge and p o
understanding, of the main space hazards, fs\"*
encompassing collision between space " HAZARDS | RS

objects, fragmentation and re-entry of space
objects into the atmosphere, space weather
events, and near-Earth objects.”

Regulation (EU) 2021/696 of the European Parliament and of the Council of 28 April 2021 establishing the Union
Space Programme and the European Union Agency for the Space Programme and repealing Regulations.
http://data.europa.eu/eli/req/2021/696/0j
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http://data.europa.eu/eli/reg/2021/696/oj

=PFL Space Situational Awareness (SSA)
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ePFL Space Weather

Space Weather is the physical and
phenomenological state of natural space

through observation, monitoring, analysis and
modelling, at understanding and predicting the
state of the Sun, the interplanetary and planetary
environments, and the solar and non-solar
driven perturbations that affect them, and also at EEEEEEIETEEE

forecasting and nowcasting the potential impacts B SP“ |
on biological and technological systems. '

European Cooperation in the field of Scientific and Technical Research (COST) Action 724,

EPFL “Developing the basis for monitoring, modelling and predicting Space Weather” , 2009

Space
Center


https://www.cost.eu/actions/724/

=PFL Space Weather Events

Flare - Emission of
electromagnetic radiation in the
Sun's atmosphere

Coronal mass ejection (CME) -
Ejection of plasma from the Sun's
corona into the heliosphere

Solar particle event (SPE) -
Particles emitted by the Sun,
accelerated during a flare or by a
CME

'S
pace
Center 5


http://www.youtube.com/watch?v=iNz51GhUxQw
https://www.esa.int/Science_Exploration/Space_Science/SOHO_overview2

=PFL Space Weather Events

Flare - Emission of
electromagnetic radiation in the
Sun's atmosphere

Coronal mass ejection (CME) -
Ejection of plasma from the
Sun's corona into the
heliosphere

Solar particle event (SPE) -
Particles emitted by the Sun,
accelerated during a flare or by
CME

“Space
Center

Sunspot Number

Solar Flux Units

Space Weather Prediction Testbed

-
w
o

International Sunspot Number
Predicted Max 155 - 169
Jul - Nov 2024

2020 2022 2024 2026 2028

2030 2032

F10.7cm Radio Flux
Predicted Max 192 - 202
Jul 2024 - Feb 2025

2020 2022 2024 2026 2028 2030 2032

Years
—— Experimental Prediction

25% quartile
50% quartile
75% quartile

@ _aT,
V E"a,‘\*‘(; —— Monthly observations
=== Smoothed monthly observations

issued 2 Feb 2025 2019 NOAA/NASA/ISES Panel Prediction (range)

Space Weather Prediction Testbed (SWPT)



https://testbed.spaceweather.gov/products/solar-cycle-progression-updated-prediction-experimental

ePFL Space Weather Consequences

Potential Impacts of a Solar Storm on Earth

High solar activity causes disruptions to
communications, aircraft, spacecraft and power grid

46 of the 70 spacecraft failures reported in 2003 Crags y/

occurred during the October 2003 geomagnetic storm e 89909%° Communcaon
_ ~ e

The storm further caused a blackout in Sweden s - \ el

In February 2022, 38 out of 49 Starlink satellites were
lost due to a series of CMEs just after deployment

Table 1
List of Observed CMEs That Contributed to the Geomagnetic Perturbations on 3 and 4 February 2022.

Time of CME appearance =~ CME apex location obtained 3D CME speed  Estimated Earth arrival ~ Expected Earth

in LASCO C2 from GCS (Lat, Lon)* from GCS time from DBEM" arrival speed Probability of reaching
Event no. (UT) %) (km s~ (UT) (km s7") Earth estimated by DBEM
1 2022-01-29 23:36 —6, 329 791 2022-02-01 15:15 573 99% hit
2 2022-01-31 16:10 15723 3577 2022-02-05 02:44 413 99% hit
3} 2022-02-01 07:12 17,19 458 2022-02-05 04:23 439 98% hit

Y. Baruah et al., “The Loss of Starlink Satellites in February 2022: How Moderate Geomagnetic Storms Can Adversely Affect Assets in Low-Earth
Orbit,” Space Weather, 2024,

M. K. Georgoulis et al., “The Flare Likelihood and Region Eruption

EPFL Forecasting (FLARECAST) Project: Flare forecasting in the big data &

Space machine learning era,” 2021, doi: . 7
Center


https://doi.org/10.48550/arXiv.2105.05993
https://doi.org/10.1029/2023SW003716

ePFL Distributed Space Weather Sensor System

Utilising hosted payload opportunities and dedicated small satellites in LEO,
MEO, GEO, HEO and Lunar orbit

ESA’s Enhanced Space Weather
Monitoring System

5 LR %
Missions to Impact & state
e  solar wind monitoring

Ground based

measurements
- ‘l 'y i
Forecasting e
& e + Hosted Payloads
- I SOSMAG bl ©
Event & +  Small missions
detection ®
EPFL
Space M. Heil et al. “ESA’s Space Weather Monitoring System”, 17th International Conference on Space Operations, Dubai, 2023,

Center


https://star.spaceops.org/2023/user_manudownload.php?doc=652__9bv6w5vl.pdf

=PFL Space Weather Service Network

Provide services, data products

and tools to OperatOrS ESA'S SPACE WEATHER SERVICE NETWORK
. {®) SSCC & SWE DATA CENTRE

COUp|ed mOdelhng Of the fU” @ SOLAR WEATHER

Sun_Earth Chain (O HELIOSPHERIC WEATHER

O SPACE RADIATION

Timely and reliable user tailored Bl
. . . @ GEOMAGNETIC CONDITIONS
notifications and alerting

Users from affected sectors, plus
national and regional agencies

ESA's Space Weather Service Network

EPFL

Space
Center °


https://swe.ssa.esa.int/space-weather-and-space-safety-programme

=PFL How to protect from Space Weather?

Monitor and analyze solar activity
Improve modelling for better predictions and forecasts

Protect ground infrastructure by redundancy and
geomagnetic induced current blocking devices

Avoid high-latitude flight routes during high solar
activity

Protect spacecraft through shielding and radiation
hardened electronics

Astronauts seek shelter in highly shielded ISS modules
or perform emergency evacuation in case of very high
~ radiation events

Space Auroras captured by the International Space Station on Aug.

Center 6, 2017. Credits: NASA
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ePFL Near-Earth Objects (NEOs)

space situational awareness

N

> SPACE SURVEILLANCE f & > SPACE WEATHER

"AND TRACKING s L _aad

“Space
Center
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ePFL. Near-Earth Objects (NEOs)

Atira

Aten

Apollo

Amor

Main asteroid belt
Hungaria
Phocaea

Hilda

Jupiter Trojan

EPFL

Space
Center

Near Earth Asteroids

q<1.3au

Amors

Earth-approaching NEAs with orbits
exterior to Earth's but interior to Mars'
(named after asteroid (1221) Amor)

Apollos

Earth-crossing NEAs with semi-major
axes larger than Earth's
(named after asteroid (1862) Apollo)

Atens

Earth-crossing NEAs with semi-major
axes smaller than Earth's
(named after asteroid (2062) Aten)

Atiras

NEAs whose orbits are contained
entirely within the orbit of the Earth
(named after asteroid (163693) Atira)

@
Q
Q

q = perihelion distance
Q = aphelion distance
A = semi-major axis

a>1au
1.017au<g<13au

a>1au
q<1.017 au

a<tau
Q> 0.983 au

a<1au
Q<0.983 au

Potentially Hazardous Asteroids (PHAS)

NEAs whose Minimum Orbit Intersection Distance with the Earth
(MOID) <= 0.05 au and whose absolute magnitude H <= 22.0 (D >= ~140 m)

NASA JPL Center for Near Earth Object Studies (CNEQOS)

12


https://docs.google.com/file/d/1B8E-TQSUNXxcVO3NJU77z8vCxRzKMBrt/preview
https://cneos.jpl.nasa.gov/about/neo_groups.html

ePFL Near-Earth Objects - Consequences

Dinosaurs didn't have a space agency

EPFL
Space
Center

13



ePFL Near-Earth Object Environment

Surveys to search for NEOs started
during the 1990s

Today, there are about 38’000 NEOs
known

Small (<140 m) diameter objects
make up the majority of the
population

Only 2’481 NEOs are PHAs

EPFL
Space
Center

104 E

103 E

10! E

100 E

Cumulative NEAs

1 Credits ESA/PDO 3777

| —— All discovered NEAs
== Discovered NEAs with diameter < 1 km
Discovered NEAs with diameter < 140 m

1900 1920 1940 1960 1980 2000 2020

14



https://neo.ssa.esa.int

=PFL Near-Earth Object Discoveries

Near-Earth Asteroid Discoveries by Survey

All NEAs (as of 2025-Feb-26)

3000

2500

2000

1500

Number Discovered

1000

500

0-—
1995

2000

https://cneos.jpl.nasa.gov/stats/

“Space
Center

2005

—3000

—2500

—2000

—1500

—1000

—500

—0
2010 2015 2020 2025
Discovery Date

NASA JPL Center for Near Earth Object Studies (CNEOS)

LINEAR
NEAT
Spacewatch
LONEOS
Catalina
Pan-STARRS
NEOWISE
ATLAS
Other-US
Others

Alan Chamberlin (JPL/Caltech)

15


https://cneos.jpl.nasa.gov/

=PFL (Large) Near-Earth Object Discoveries

Near-Earth Asteroid Discoveries by Survey
~1km and larger NEAs (as of 2025-Feb-27)

100

Number Discovered

1995 2000 2005 2010 2015 2020 2025
https://cneos.jpl.nasa.gov/stats/ Discovery Date

Population of large NEOs is almost entirely discovered.

Space
Center

100

—80

—40

—20

—0

LINEAR
NEAT
Spacewatch
LONEOS
Catalina
Pan-STARRS
NEOWISE
ATLAS
Other-US
Others

Alan Chamberlin (JPL/Caltech)

16



=PFL (Small) Near-Earth Object Discoveries

Near-Earth Asteroid Discoveries by Survey
~140m and larger NEAs (as of 2025-Feb-27)

600 600
B LINEAR
B NEAT
500 —500 B Spacewatch
LONEOS
- B catalina
© 400 —400
= = B Pan-STARRS
g — B NEOWISE
(7]
8 300 — -I ~300 | I ATLAS
g M Other-Us
E I Others
Z 200 —200
—m
100 —100
0— —0
1995 2000 2005 2010 2015 2020 2025
https://cneos.jpl.nasa.gov/stats/ Discovery Date Alan Chamberlin (JPL/Caltech)

Population of medium sized NEOs is still not fully discovered.

Space
Center




=PFL Coordination of the observations

Observations submitted to the Minor
Planet Center (MPC)

The MPC publishes all data, performs
orbit determination and maintains lists
of newly discovered NEOs

Amateur community supports with
follow-up observations to constrain
the orbits

Close approaches happen almost
daily

EPFL
“Space
Center 18


https://cneos.jpl.nasa.gov/

=PFL 2024 YR4

Latest calculations conclude asteroid 2024 YR4 now poses no significant
threat to Earth in 2032 and beyond

Position Uncertainty in 2032 as of 2025-Jan-27
Impact probability: 1.2%

EPFL
Space
Center
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https://blogs.nasa.gov/planetarydefense/2025/02/24/latest-calculations-conclude-asteroid-2024-yr4-now-poses-no-significant-threat-to-earth-in-2032-and-beyond/

=PFL NEO Surveyor - Next Generation Survey

Mission to the Sun-Earth L,
Lagrangian point (launch in 2027)

Find at least 73 of all NEOs larger
than 140 m and assess the threat
posed by PHAs

Determine orbits, sizes, compositions,
rotational states and shapes

Expected to discover 200°000 -
300°000 new NEOs

EPFL
Space
Center

Aperture
cover

Sunshade
/

Optical path Solar
thermal

\ shield

Detectors Solar

/ cells

Radiators

b

Spacecraft
thermal

Telescop7 shield
17

Spacecraft
bus

\ =
Propulsion tank  High-gain antenna

A. K. Mainzer et al., “The Near-Earth Object Surveyor Mission” The Planetary Science Journal, 2023, doi:

20


https://doi.org/10.3847/PSJ/ad0468
https://doi.org/10.3847/PSJ/ad0468

ePFL How to protect from Near-Earth Objects?

'Okay, so you drill}
you drop the nuke,
and you leave"

“Space
Center
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=PFL. How to protect from NEOs?

Studies to evaluate difference
scenarios have been carried out over
the last 20 years

First demonstration missions
underway

Towing direction Towing direction

GT spacecraft
Plume |

,,ﬂ" | GT spacecraft {
:’\slc'zg\yid /." > Asteroid >
e

Displaced orbit
(artificial halo orbit: AHO)

a) Stationary GT concept b) AHO-GT concept

Two types of gravity tractor strategies.
K. Yamaguchi et al. “Orbital dynamics of gravity tractor spacecraft employing artificial halo orbit”, Acta
Astronautica, 2022, hitps://doi.ora/10.1016/i.actaastro.2022.06.009

“Space
Center

Diameter (m)

Ready to Launch Build and Launch

10000

Kinetic
100 - Tractor

20 - Civil Defense

1 2 5 10 20 50 100
Warning Time (Years)

Approximate outline of the regimes of primary applicability of the four types of mitigation.
National Academies of Sciences, Engineering, and Medicine. “Defending Planet Earth: Near-Earth-Object Surveys and
Hazard Mitigation Strategies”, 2010, hitps:/doi.ora/10.17226/12842.

22


https://doi.org/10.17226/12842
https://doi.org/10.1016/j.actaastro.2022.06.009

=PFL DART and Hera missions . QCesa

PLANETARY DEFENDERS: NASA DART & ESA HERA MISSIONS

The Double Asteroid Redirection Test (DART) S 2

mission impacted Dimorphos, the satellite of |

perform the first radar
probe of an asteroid

binary NEA Didymos, on 2022 September 26 s -

Hera will measure the size and morphology of B e

Milani CubeSat will inspect
entists from around the globe the mineral makeup of the

: . asteroid surface with its
alyse the resulting orbital b ioger

as well as radar data. 2()26‘E Hera plus its two CubeSats reach

‘selfie-sat', LICIACub : Didymos to begin work.

th e Crate r Created aS We I | aS th e m O m e ntu m — m so far away, some : Hera is equipped with an optical

riables remain uncertain i camera, ‘laser radar’ lidar and
wever. What is i thermal infrared scanner.

transferred to evaluate the efficiency of the

deflection

“Space
Center

The final five-and-a-half minutes of images leading up to the
DART spacecraft's intentional collision with asteroid Dimorphos.
Credit: NASA/Johns Hopkins APL

w big is the crater left

DART? What is the + : ESA's Hera spacecraft
teroid made of? Such {is launched by Ariane 6,
tails are key to turn : to perform a close-up
teroid deflection into a §‘crime scene investigation’
ll-understood, scalable : of the aftermath of

d repeatable technique. : DART's impact.

HHeramissionDADARTmission

NASA's Double Asteroid Redirect Test, DART and ESA Hera spacecraft to perform a close-up analysis of
the diverted asteroid. Credit: ESA

S. P. Naidu et al. “Orbital and Physical Characterization of Asteroid Dimorphos Following the DART Impact”,
The Planetary Science Journal, 2024, https://doi.ora/10.3847/PSJ/ad26e7

23


https://docs.google.com/file/d/1aklHxBQnLf6T0ZTBpd1chJgHaRewveHC/preview
https://doi.org/10.3847/PSJ/ad26e7

=PFL Space Surveillance and Tracking

%z:S,PACE SURVEILLANCE

AND TRACKING

“Space
Center
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ePFL The near Earth Space Environment

Rocket launches since the start of the space age in 1957
About 6’840 (excluding failures)

Satellites these rocket launches have placed into Earth orbit
About 20’650

Satellites still in space
About 13’660 More than currently known

|
Satellites still functioning NEOs!
About 11°000 K

Nos
@ce objects tracked by Space Surveillance Netv@ ‘i-
About 39'340 :

Estimated number of break-ups, explosions, collisions
More than 650

Total mass of all space objects in Earth orbit
More than 13’500 tonnes

Estimated number of space debris objects
40’500 objects greater than 10 cm kot bodics
11 00,000 ObjeCts from greater than 1 cm to 10 cm : mission related objects (covers, caps, adapters, etc.)
EPFL 130 million objects from greater than 1 mm to 1 cm  sive: fragments
Space 25
Center

Distribution of space debris

Red: satellites (functional or dysfunctional)


http://www.youtube.com/watch?v=-LL1MBpTN4w&t=5
https://www.esa.int/esatv/Videos/2019/02/Distribution_of_space_debris_in_orbit_around_Earth
https://www.esa.int/Space_Safety/Space_Debris/Space_debris_by_the_numbers

=PFL Space Survelllance and Tracking (SST)

MAN AW

UNITED AGE S

SPACE FORCE

“Space
Center

Space Traffic Management

Space Sustainability

600-1000km 27.000km/h 800 sats +160/year 1,500-10,000km
@ Sun-Synchronous Orbit (SSO) Inner Van Allen Radiation Belt @

mostly Earth observation sats few active satellites here

danger crossing zones near the poles . ) i

conjunctions are steadily increasing 2.000-32,000kin 25,000-18,000kin/h 160 sats +12/year

also used as a graveyard orbit Medium Earth Orbit (MEO) @

sats should be de-orbited as would naturally decay in+1000y

16,000-23,000km 14,000km/h 110 active sats not an urgent priority since there is still no congestion

: : speeds range from 57 km/s
° GF;?- 2“2::5\!5(?& aBned'Bgl:'r:SGa“'e" multi-orbit constellations will start using it with no regulation
very few satelli i

2,000-40,000 km 60 sats +2/year
@ Highly Elliptical Orbit (HEO)
very few satellites and debris
almost null risk of collision
35,000-36,000 km 800 sats +20/year
@ Geosynchronous Orbit (GSO)
mostly big trackable inactive sats
will stay in orbit indefinitely
one 50 m close approach per year
should be moved to “graveyard” orbit
not an urgent priority,

Superspreader Debris Ring @

large rocket body

35786km 11,050km/h 600sats +15/year
Geostationary Orbit (GEO) @
fairly regulated and organized
0-2.5 km/s collision speeds
service for extending life is needed

36100km 11,000km/h
+GEO Graveyard Orbit @

Superspreader Debris Ring

space debris & active sats

200-2,000km 27,500km/h
10,000 sats +2,400/year
Low Earth Orbit (LEO)
rapidly getting crowded
9-14 km/s collision speeds
needs urgent protection

urgency for action

26



=PFL Space Domain Awareness (SDA)

The timely, relevant, and actionable understanding of Space Doctrine Publication 3-1¢

the operational environment that allows military forces SP/\EE DUM/\N /\\/\//\RENESS
to plan, integrate, execute, and assess space

operations.

Space Training and Readiness Command (STARCOM), “Space Domain Awareness”, Space Doctrine Publication (SDP) 3-100, 2023,

42 TRACKERS OF THE SKIES

SPACE FORCE

Figure 5. — Typical Moonwatch team in action, 1957.

EPFL
- Operation Moonwatch

Space Patrick McCray, “Keep Watching the Skies!: The Story of Operation Moonwatch and the Dawn of 27

Center the Space Age”, Princeton University Press, 2008,


https://www.starcom.spaceforce.mil/Portals/2/SDP%203-100%20Space%20Domain%20Awareness%20(November%202023)_pdf_safe.pdf
https://www.jstor.org/stable/j.ctv1nj34w4

ePFL Space Traffic Management (SST)

Space Traffic Management is the assurance value
chain that contributes to a safe, secure, and
sustainable space operations environment, composed
of space traffic coordination and regulation &
licensing, and dependent upon a foundation of
continuous space situational awareness.

The International Academy of Astronautics (IAA), the International Astronautical Federation (IAF) and the International Institute of Space Law (IISL), “Cooperative
initiative to develop comprehensive approaches and proposals for Space Traffic Management (STM)”, Memorandum of Understanding during the IAC in Bremen,

2018, https://iaaspace.org/wp-content/uploads/iaa/Communication/stm-mou.pdf

“Space
Center

Space Traffic Management

28


https://iaaspace.org/wp-content/uploads/iaa/Communication/stm-mou.pdf

=PFL Space Sustainability

Space Sustainability

600-1000km 27000km/h 800 sats +150/year  1:500-10.000km

The ability to maintain the conduct of space
activities indefinitely into the future in a

also used as a graveyard orbit Medium Earth Orbit (MEO) @

sats should be de-orbited as would naturally decay in+1000y
not an urgent priority since there is still no congestion
speeds range from 57 km/s

multi-orbit constellations will start using it with no regulation

manner that realizes the objectives of

2,000-40,000 ki 60 sats +2/year

@ Highly Elliptical Orbit (HEQ) \

equitable access to the benefits of the RS

35,000-36,000 km 800 sats +20/year
@ Geosynchronous Orbit (GSO)
mostly big trackable inactive sats

exploration and use of outer space for _:ii==:
peaceful purposes, in order to meet the
needs of the present generations while gi
preserving the outer space environment for

Superspreader Debris Ring @
large rocket body

35786km 11,050km/h 600sats +15/year
Geostationary Orbit (GEO) @
fairly regulated and organized
0-2.5 km/s collision speeds
service for extending life is needed

. 38100km 11,000km/h
+GEO Graveyard Orbit @

. - e
future generations.
10,000 sats +2,400/year
[ — ] Low Earth Orbit (LEO)

rapidly getting crowded
urgency for action 914 km/s collision speeds
needs urgent protection

United Nations Office for Outer Space Affairs (UNOOSA), “Guidelines for the Long-term Sustainability of Outer Space Activities of the
Committee on the Peaceful Uses of Outer Space”, Vienna, 2021,

s,
pace
Center 29


https://www.unoosa.org/documents/pdf/PromotingSpaceSustainability/Publication_Final_English_June2021.pdf

=PFL. What do they have in common?

MAN AW

UNITED AGE S

SPACE FORCE

“Space
Center

Space Traffic Management

Space Sustainability

600-1000km 27.000km/h 800 sats +160/year 1,500-10,000km
@ Sun-Synchronous Orbit (SSO) Inner Van Allen Radiation Belt @

mostly Earth observation sats few active satellites here

danger crossing zones near the poles . ) i

conjunctions are steadily increasing 2.000-32,000kin 25,000-18,000kin/h 160 sats +12/year

also used as a graveyard orbit Medium Earth Orbit (MEO) @

sats should be de-orbited as would naturally decay in+1000y

16,000-23,000km 14,000km/h 110 active sats not an urgent priority since there is still no congestion

: : speeds range from 57 km/s
° GF;?- 2“2::5\!5(?& aBned'Bgl:'r:SGa“'e" multi-orbit constellations will start using it with no regulation
very few satelli i

2,000-40,000 km 60 sats +2/year
@ Highly Elliptical Orbit (HEO)
very few satellites and debris
almost null risk of collision
35,000-36,000 km 800 sats +20/year
@ Geosynchronous Orbit (GSO)
mostly big trackable inactive sats
will stay in orbit indefinitely
one 50 m close approach per year
should be moved to “graveyard” orbit
not an urgent priority,

Superspreader Debris Ring @

large rocket body

35786km 11,050km/h 600sats +15/year
Geostationary Orbit (GEO) @
fairly regulated and organized
0-2.5 km/s collision speeds
service for extending life is needed

36100km 11,000km/h
+GEO Graveyard Orbit @

Superspreader Debris Ring

space debris & active sats

200-2,000km 27,500km/h
10,000 sats +2,400/year
Low Earth Orbit (LEO)
rapidly getting crowded
9-14 km/s collision speeds
needs urgent protection

urgency for action

30



=PFL Space Survelllance and Tracking (SST)

A Space Surveillance Tracking (SST) system is a network of
ground-based and/or space-based sensors capable of surveying and
tracking space objects, together with processing capabilities aiming to

provide data, information and services on space objects that orbit around
the Earth.

aaaaaaa
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https://www.eusst.eu/

=PFL SST Observation Techniques .

Ground-based sensors

Radars to detect and track small debris on LEO
Passive-optical telescopes for surveillance of MEO-GEO region
Sub-mm debris population characterized by studying objects returned from orbit

Satellite Laser Ranging for high-precision localization

LEOLABS Azores Space Radar on Santa Maria Island in the Azores, Space Surveillance Telescope in Australia to provide The WFPC2 being installed aboard HST Zimmerwald Observatory during SLR
Portugal. Credit: coverage of objects in geosynchronous orbit. Credit: during 1993’s Servicing Mission (SM1) observations.
Anz-meador, P. D. et al., “Sampling and Analysis of Impact K. Sosnica. “Determination of Precise
Crater Residues Found on the Wide Field Planetary Satellite Orbits and Geodetic
Camera-2 Radiator”, 6th European Conference on Space Parameters using Satellite Laser
Debris (2013), Ranging”. Astronomical Institute,
=PFL University of Bern, Switzerland, 2014
- Space ISBN: 8393889804
32
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https://leolabs.space/radars/
https://nsarchive.gwu.edu/briefing-book/intelligence/2023-03-13/whats-there-where-it-and-whats-it-doing-us-space-surveillance
https://nsarchive.gwu.edu/briefing-book/intelligence/2023-03-13/whats-there-where-it-and-whats-it-doing-us-space-surveillance
https://conference.sdo.esoc.esa.int/proceedings/sdc6/paper/184

=PFL SST Observation Techniques

Ground-based sensors

Radars to detect and track small debris on LEO
Passive-optical telescopes for surveillance of MEO-GEO region
Sub-mm debris population characterized by studying objects returned from orbit

Satellite Laser Ranging for high-precision localization

EPFL
Space
Center

MODEST (2004-2014)

36,000—
10,000
Goldstone radars
(>32.2°)
HUSIR (Haystack radar)

—_ (>30°)
E /
=
P 2000—
T
=]
* 1000
=
< USAF Space

HST Bay 5 MLI (580x610 km, 1990-2009) Surveillance Network

HST-WFPC2 (580x610 km, 1993-2009)

STS (1995-2011)

s
w14
100 Haystack Auxiliary (HAX) radar (>42.6°)
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Brightness histogram for the detected objects during DebrisWatch 1
J. A. Blake et al., “DebrisWatch I: A survey of faint geosynchronous debris” Advances in Space 33

Research, 2021,


https://orbitaldebris.jsc.nasa.gov/measurements/
https://doi.org/10.1016/j.asr.2020.08.008
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Knowledge Gaps

Large parts of the small but lethal debris currently not tracked
40,000 objects regularly tracked by Space Surveillance Networks but 1°100’000 objects from

greater than 1 cm to 10 cm are expected
Precise orbit propagation requires information on attitude, shape and tumbling states

Risk assessment
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Research, 2021,


https://orbitaldebris.jsc.nasa.gov/measurements/
https://doi.org/10.1016/j.asr.2020.08.008
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Upcoming space-based Sensors

ESA VISDOMS: Verification of In-Situ Debris Optical Monitoring
from Space (2029)

. Statistical monitoring of sub-catalogue sized LEO objects
. Tracking of objects <1 min GEO

« 600-900 km Sun-synchronous LEO

. Small satellite platform (250 kg)

Visualization of the VISDOMS Instrument.

S. Kraft et al., “VISDOMS: Verification of In-Situ
Debris Optical Monitoring from Space,” in 22nd IAA
Symposium on Space Debris, Milan, Italy: doi:
10.52202/078360-0009.

NASA LARADO: Lightsheet Anomaly Resolution and Debris
Observation (2025)

o Detect lethal non-trackable debris
o« 500 km circular orbit
. Small satellite (150kQ)

EPFL

Space Light-sheet concept for local space 35

situational awareness. Credit: U.S. Naval Researc! h

Center Laboratory.


https://www.nrl.navy.mil/Portals/38/LARADO%20Fact%20Sheet.pdf
https://www.nrl.navy.mil/Portals/38/LARADO%20Fact%20Sheet.pdf
https://doi.org/10.52202/078360-0009

ePFL Future Challenges in SSA *

‘Space Situational Awareness is
essential for safe spacecraft
operations in all orbits. Timely,
accurate, and shared knowledge of
trajectories and activities in Cislunar
space, including on the Lunar surface,
help to avoid interference and
conjunctions as well as encourage
responsible behaviors and best
practices in space.”

NATIONAL CISLUNAR SCIENCE & TECHNOLOGY ACTION PLAN, National Science and Technology Council,

2024, Johns Hopkins Applied Physics Laboratory
EPFL
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https://bidenwhitehouse.archives.gov/wp-content/uploads/2024/12/Cislunar-Implementation-Plan-Final.pdf



http://www.youtube.com/watch?v=aO_D3OvNLns
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Developing SST capacities to detect, monitor and characterize the entire population of lethal

space debris
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Cumulative total flux for a sun-synchronous orbit at 800 km altitude.

A. Horstmann et al., “Flux comparison of MASTER-8 and ORDEM 3.1 modelled
space debris population”, 8th European Conference on Space Debris, 2021,
https://conference.sdo.esoc.esa.int/proceedings/sdc8/paper/11
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https://conference.sdo.esoc.esa.int/proceedings/sdc8/paper/11
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Coordinating the space traffic in the increasingly populated LEO regions
Overcoming geopolitical barriers
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ePFL Future Challenges in SSA

Protecting space activities from space weather

Discovering and monitoring the entire PHA population

Mitigating the increasing interference from satellite mega-constellations in optical and radio
astronomy
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Image of the sun from GOES-16 Solar The NEO Surveyor field of regard (gray cones) Starlink train captured by DECam on the Victor Detection of unintended electromagnetic radiation coming from a Starlink
Ultraviolet Imager (Credit: NOAA's A. K. Mainzer et al., “The Near-Earth Object Surveyor Mission” The M. Blanco 4-meter Telescope at the Cerro Tololo satellite with the LOFAR radio telescope
Space Weather Prediction Center) Planetary Science Journal, 2023, doi: Inter-American Observatory F. Di Vruno et al., “Unintended electromagnetic radiation from Starlink
(Credit:CTIO/NOIRLab/NSF/AURA/DECam satellites detected with LOFAR between 110 and 188 MHz,” Astronomy
DELVE Survey) & Astrophysics, Jul. 2023,
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https://doi.org/10.1051/0004-6361/202346374
https://doi.org/10.3847/PSJ/ad0468

=PFL Thanks for your Attention!
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