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Space Debris Generation
AUnused Satellites
AExplosions (Tank, ca. 5 Tanks per year)
AUpper rocket bodies
ACollisions
AWest Ford Dipole
AFragmentation

Aé

A Consequences:

ATracking prerequisite

A Collision avoidance necessary
A Shorter Mission time

A Loss of mission objectives
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New Objects: 2006 7 2014

Year 2006 2007 2008 2009 2010 2011 2012 2013 2014

Obj. 423 4226 1038 1540 219 34 724 1 54
Frag. 10 10 9 4 7 3 2 1 7
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Collision between Iridium 33 and Cosmos 2251
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Short-Term Development of Debris Clouds
1 Month 1 Year 3 Years

C Homogeneous distribution after short time

Assumed Collisions:

Cosmos 1934 / Cosmos 926 (1991) i Cerise / Ariane Fragment (1996) T NOAA 7/
NCO (1997) 1 Cosmos 539/ NCO (2002) i Thor Burner 2A/ CZ-4 Debris (2005) 1
UARS / NCO (2007) 7 Iridium 33 / Cosmos 2251 (2010) 1 €

NCO Non catalogued object
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Evolution of Population (Publicly Available Data)

Catalogued Ob_jects in Orbit
as of February 2815
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A Possible Future

Non-Mitigation Projection (averages and 1-0 from 100 MC runs)
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New Players: The Mega-Constellations
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Spatial Density

Space X

Boeing
Samsung

Space Debris Objects = 1mm

Critical Orbits:

1400km | A Sun-synchronous (Earth
observation)

A 1400km (low
perturbances)

A Geostationary Orbits

Spatial Density [1/km”]

A Protection of favourable
orbits strongly necessary!
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Why Do We Care

S/C Owners/Operators
A Safety of flight
A Prevent collisions (traffic management, collision avoidance maneuvers)
A Contingency: cause?
S/C designers
A Risk analysis
A Shielding (shields, passive shielding)
A A spacecraft reliability
Mission analysts, launch campaigns
A Risk analysis, trajectory optimization, orbit selection
A Launch conjunction analysis
Governments, Space Agencies, Scientists
A Protecting vital space services

A Long term sustainable use of space
A Evolution

B
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Space Surveillance And Tracking

First Steps:

- Detection, tracking and cataloguing

- International exchange of (raw) data

- Provision of free catalogues with all objects to spacecraft operators

Next Steps:

- Holistic SSA Approach

- Prevent proliferation of space debris (e. g. 25-year guideline)
- Perform collision avoidance (e. g. laser nudging)

- Support active debris removal

- International binding agreements

B
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First Step: Cataloguing

Requirements:

- Extension to smaller sizes (ideally below lethal threshold, i. e. 1-2cm)

- Completeness

- Extremlyhi gh accuracy need for Ajust i

Challenges:

- New Space Fence: 200.000-300.000 new objects expected
- Improved algorithms and tracking techniques

- Object identification, object correlation, &

- Better physics models

- Better characteristics of objects for e. g. orbit propagation

- €é
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©)

SMARTnet E

Small Robotic Telescope Network

Optical Network for Monitoring

Geostationary Orbits )
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SMARTnet E Sensor Networ k

\/- (almost) autonomous operations \

- redundancy concept: 2 of 3 are alive
(two computer, one internet
connection)

- pre-processing (30GB A 1MB)

\- UPS, WebCam, weather monitoring/

MAC: Monitoring and Control System
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SMARTnet E Sensor Networ k
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BACARDI

MAC: Monitoring and Control System
: Backk;or;’eHthal gue of Relational Debris Information
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S MA R T n eCorilitions and Terms (Excerpt)

Partners bringto SMARTnet E

A Sensor, e. g. telescope with minimum aperture size of 20cm
A Year-round operational system
A Tracklets (e. g. pairs of RA/DEC of objects; ITAR free: NO object identification

Partners get from SMARTnetE

A All tracklets for free produced within S MA R T n e t Econtributing kehsors
A Free exchange platform
A Support if desired

Do with data

A Develop products (e. g. sell them)
A Research
A Operate satellites safely (in GEO)

RA - DEC: Right Ascension i Declination
Tracklet: Tlme sequence of measured object p03|t|ons belonglngto the same object

s / '
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SMART n eDvdEview

Zimmerwald: Operational

8§ Partners

APPLIED DEFENSE




www. DLR. del19 A Folie

SMARTnet E Stati on Gro$w Btat®nadg t i c
Geodynamics Observatory Zimmerwald

1- m ZIMLAT

Switzerland




