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. Walvers

e potential, perceived conflict of interest

e AF didn't need any waivers one year but
still hard to build sets of sats differently

e Other bureaucratic options?
e Other financial incentives?




s [I. A. Changing Environment
e Cubesats
e | arge LEO constellations

Will existing guidelines suffice?



LEO & MEO
Broadband
Constellations:

At least 15 companies have declared their intent

. to develop broadband satellite constellations in
low Earth orbit {LEQ) or medium Earth orbit (MEQ),
according to Northern Sky Research. Most of these
companies intend to have their first-generation
systems deployed within five years. O3b, whichist |
neaning completion. of a 20-satellite constellation
begun in 2013, will add seven mPower second-
generation broadband satellites starting in 2021.
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Nanosatellites
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Nanosatellites

1100

1000

900

800

700

600

500

400

300

200
100

Nanosatellites by organisation types

wWwWw.Nnanosats.au

e 56
2 736

4
: e A\
1@@* y (&@9‘ ﬁﬂw‘?‘u

Organisation types

3

B Launched
B Not launched




=1[s

onste

Small Cubesats

Good

One Web, Planet, SpaceX
very proactive

Low mass, volume s/c

NASA cubesats undergo
ODAR review

Bad

Potentially many s/c

Secondary payloads

No propulsion (but
maneuverability is double-
edged sword)

Hard to track

Quick obsolescence

Assumed PMD is key

Cheap to build, ok to lose
some

Lifetimes lengthen > 700
km (edge of LEO)

If there’s a design flaw in
one s/c...




Il. B. Changing Environment

Commercial SSA Capabilities
= Space Data Association

= AGI's ComSpOC

= Other companies

USG SSN is good...
-JSpOC, SSA Sharing, Space Fence

No single comprehensive catalog
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II.B. Changing Environment

s SSA Sensor Types

e Radar

= Accurate and good for LEO but big,
complex, and expensive

e Optica
= Cheaper; ground-based good for LEO, MEQ,

GEO but clouds obscure (fine for space-
based)

e RF
= Good for LEO, MEO, GEO
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II. B Changing SSA Capabllities

= Why Commercial>Gov’t Capabilities?
e [ransparency?
e Algorithms, data fusion
e Sensors
e Realistic error portrayal in all orbits
e Responsiveness

*Commercial capability can free up Gov't
resources for specialized tasks
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ll. SPD-3

e "pursue and utilize both Government
and commercial sector technologies to
track and monitor space debris”

e Update USG ODMSP
RSISTAVASTRN

= Continue sharing basic SSA data free

= DoD maintain authoritative catalog, DoC
disseminate data
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National Aeronautics and Space Administration

Sample of Debris Removal Concepts

Debris Removal Technique Altitude Regime Debris Size Regime
Ground-based Laser/Directed Energy LEO <10cm
Airborne Laser/Directed Energy LEO <10cm
Space-based Laser/Directed Energy LEO, MEO, GEO <10cm
Space-based Magnetic Field Generator LEO <10cm
Drag Augmentation Device LEO >10cm
Solar Sail LEO, MEO, GEO >1m
Magnetic Salil LEO, MEO, GEO >1m
Momentum Tethers LEO, GEO >10cm
Electrodynamic Tethers LEO >10cm
Capture/Orbital Transfer Vehicle LEO, MEO, GEO >1m
Attachable Deorbit/Reorbit Module LEO, MEO, GEO >1m
Sweeping/Retarding Surface (balloon, film, foam ball, etc.) LEO <10cm
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V. Remediation projects

e [SS RemoveDEBRIS
e Swiss Clean Space One
e ESA e.deorbit

e RPO/satellite servicing
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V. Summary

s Update mitigation guidelines?
s Update USG waiver procedures?
s Likely lots more cubesats coming

= Improving operational commercial
SSA capabilities

= No single comprehensive catalog
= ADR tech advancing but...




