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1| Active debris removal is the solution to cluttered orbits
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Satellites that fail to deorbit directly contribute to long-term debris build up and
increased collision risk, especially in LEO
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75%

~75% of tracked objects in space
are not active satellites

Earth orbitis already crowded, and
most of the objects pose a threat that
cannot be controlled directly

&

+485%

The number of active satellites
in orbit has increased by ~485%
since 2018

The recent increase in satellite
launches escalates collision risk,
even if mitigation measures are being
taken

Note: numbers are indicative, based on publicly available information
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I ~5% of active satellites fail to
: perform a disposal manoeuvre
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Satellites that fail to deorbit properly
add to long-term debris and increase
the risk of collisions in space
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For the creation of a standard interface, we have been considering only contact-
based external Active Debris Removal (ADR) technologies

Passive

Onboard
active

External
active

Solution types Requisites Strengths Limitations
- : : Slower decay,
Drag sail, inflatable balloons, Simple, reliable, . .
. None after risk of failure,
electrodynamic tethers, foam, low cost, no fuel .
deployment limited impact,
natural decay needed
less control
: : e Precise, flexible, Complexity, risk
Chemical boosters, electric propellant & :
. controlled of failure,
thrusters, steered drag sails control systems :
: reentry requires power
required
. . . . External Handles non- .
Servicer missions, ion beam . . High cost;
. servicer or laser cooperative or ..
shepherd, laser ablation . . coordination
system failed objects




Definition, assessment and trade-off are focused on capture interfaces as the core
differentiator and performance driver of deorbiting solutions

: Encompasses the entirety of interfaces required for successful
ADR interface : : o
active debris removal missions

. Defines interfaces facilitating the establishment of physical
Capture interface . .
connection of target and servicer

Detumbling Defines acceptable tumbling conditions and detumbling
methods

. Defines standard navigation aids and interfaces to support

Rendez-vous aids : : . :

relative manoeuvring for rendez-vous and proximity operations

Defines standard navigation aids and interfaces to support

Orbit & attitude reconstruction : : . :
relative manoeuvring for removal mission planning




Capture interfaces can be distinguished in prepared and unprepared, based on
approach and pre-launch requirements

Prepared Interfacing Category Unprepared Interfacing Category

* Adefined structural interface used to * The servicer attaches to existing structural
establish connection, for optimal rigidity elements or envelops the full satellite,

increasing complexity and variability
» Capture happens through berthing using a

robotic arm or docking * Final capture is performed using an adaptive

mechanism
* Manoeuvring the spacecraft requires a high

degree of accuracy * This technology could potentially reduce

manoeuvring accuracy requirements
* Requires preparation before launch to

integrate structural interface e Can be performed on unprepared satellites




Interfacing categories are then subdivided further into interfacing types which use
common principles and share key properties

Contact-based ADR

@ Prepared interfacing Unprepared interfacing
Grappling Magnetic Gripping Tethered Electrostatic Collector

Cat - Mice Magnetic plate CLEAR RemoveDebris Harpoon Otter Pup Triton
(GMV - AVS) (Astroscale) (Clearspace) (Surrey Space Centre) (Starfish) (Paladin Space)



Several commercial and institutional actors are working on exciting contact-based
ADR concepts

@ Prepared Unprepared

Grappling ———— Gripping Tethered
- QVS @esa PAstroscale (3 cearsvace e\ AIRBUS s

P HINDX

ssssssssssssss

-6— Cosmoserve c;esa

Magnetic — — Electrostatic Collector

=~ STARFIS N+ 7 PALADIN : -
mtroscale ALTIUS @-esa @ QZEFFHH \*'( SPACE gbltGuardmns

SPACE MACHINES

Based on Novaspace state-of-the-art analysis, Solutions focused on GEO are excluded




3 | Mechanical interfacing as potential base for
standardisation
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The capture interfacing types identified are evaluated according to four criteria

&)

©)

Operational constraints, Reliability, safety Business model Technical & commercial
scalability and interop. & robustness viability maturity

Ensures acceptable Critical to avoid Determines willingness to High maturity reduces risk
performance over the full endangerment of orbital adopt removal services and and enables
spectrum of current and assets and manage risk of indicates efficiency of commercialisation within
future relevant satellites removal missions resource utilisation member states
Driven by: Driven by: Driven by: Driven by:
* Range of target sizes that can be * Repeatability / service variability * Implementation effort and direct * Flight heritage and general TRL

removed by single servicer
* Risk of debris generation

 Scalability, interoperability, and

tolerance * Operational risks e.g. fracture
* Final re-entry method (controlled * Connection robustness e.g.
vs uncontrolled re-entry) against involuntary disconnect

cost of client-side IF

* Cost of removal service based on
servicer complexity and mass

* Influence of reusability and
recurring costs

o NOVASPACE :::cocnnnn Note: IF = Interface  TRL/ CRL=Technological / Commercial Readiness Level

of IF type

* Timeline of (upcoming)
demonstration missions

* Expected CRL of solutions

* Activity/competitiveness within
ESA member states
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Grappling scored highest in our analysis, closely followed by magnetic interfacing

Prepared Unprepared
Grappling Magnetic Gripping Tethered Electrostatic Collector
Op. const., scalability & intgg‘yz} 3 2 4 4 4 1
Reliability, safety & robusgloe;; 5 4 3 2 3 4
Business model viag;i% 4 5 3 3 3 2
Tech. & commercial mat(tllgi% 5 5 4 3 2 1
Weighted total 4.15 3.80 3.45 3.00 3.15 2.15

1 Least favourable 5 Most favourable
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Grappling interfacing aims to improve total cost efficiency and reliability of removal
services, but requires bespoke structure on client side

Criteria Reasoning Rating
* Precise alignment requirements and limited tolerance against residual
rates increase operational complexity, despite rigid connection
Op. const., scalability » Scaling of passive interface is possible with some challenges to keep
' . and interop. compatibility with active side mechanism @ >
Grappling Interfacing * Servicer scaled to biggest possible target, can remove smaller ones
* Incompatible with unprepared clients, possibly with other passive IFs
Reliabilit fetv & * Predictable interface and behaviour leads to reliability & repeat.
eliability, safety . . .
* Very low risk of secondary debris generation C
robustness Y Y & ©
* Very robust connection avoids involuntary disconnect
* Structural & thermal design adaptations for passive IF and additional
. AIT demand increases cost for development & production
B.u.:.r:iss model * Clearly defined interface simplifies active capture mechanism Q @ D
viapiu
y  Efficient capture and simple interface enable low overall cost for
removal service
* Very high level of maturity of docking/berthing mechanisms for
Technical & human spaceflight with European involvement
commercial maturity * MICE/CAT-IOD as first ADR-specific European mission upcoming Q@ @

::: NOVASPACE

* Grappling compatible interfaces have flight heritage on OneWeb

Rating: Leastfavourable (1) ( O ) Most favourable (5)
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4 | Developing a standard as a European consortium
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What can be considered a standard?

Key considerations of this study Examples of standards to take inspiration from

1. Definition: a standard is a set of agreed-upon rules and =
guidelines that ensures interoperability between systems, 1SO 9001 @
enabling them to work together effectively

2. Purpose: facilitate collaboration between different
systems and developers, enabling consistent performance USB %
for a specific capability (e.g., satellite capture & removal)

3. Key principles: support innovation and development while
ensuring compatibility, minimising hard constraints HTML / Web

4. Outcome: simplify development and adoption of new
technologies, de-risking technologies and reducing costs

GPS interface

::: NOVASPACE

Defines what a quality management system
should achieve without dictating how to
achieve it.

Designed to ensure reliable plug-and-play
communication across a variety of devices
and brands

Provides guidelines for web development
that ensure compatibility across browsers
while leaving implementation freedom

Enables millions of devices worldwide to use
GPS signals reliably, without specifying
receiver designs
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The standard development is divided into specific blocks for different technical
domains to be analysed

—— Block 1 Block 2 Block 3 Block 4 Block5 —— 81—

Minimal/reduced Interoperability, Performance metrics, Guidelines on (sub)sys. Verification &

conditions & requirements constraints & interfaces benchmarks, & risks design & implementation validation methods

Describe what the Describes how (sub)systems Collects all data considered Describe how the Describe how to verify that

(sub)systems within that within that technical domain relevant for standardising (sub)systems within that the (sub)systems within that

technical domain must shall interact with the (sub)systems within that technical domain should be technical domain meet the

guarantee as a minimum (sub)systems in the other technical domain, including designed, providing non- binding conditions set in
technical domains performance metrics, constraining Block 1 (min. regs.) & Block

benchmarks, risks recommendations 2 (interaction constraints)

Each consortium partner will be assigned a number of domains for which is Lead and domains for which it is the Challenger.
GMV as System Integrator oversees all the domains

Domain Lead Domain Challenger System Integrator (GMV)
The Domain Lead develops the content relative The Domain Challenger reviews the content of The System Integrator reviews the content of all
to the domains itis and implements the the domains itis assigned, providing comments to the domains, providing comments to the Domain

comments from the Challenger and Sys. Integ. the Lead from a system provider perspective Lead from a system integration perspective
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The Leads are all working together to develop a cohesive ADR interface standard

Technical lead High-levelrole Technical Domains assigned
. System integration, Attitude recon. & Communication Overall system &
gw ConOps, navigation detumbling & security interoperability |
QVS Interface MAIT & Target sat MAIT, assurance & Environmental
target sat aspects reg. compl. aspects International standard for

LEO Satcom de-orbit
interface (ESA-SDILEO)

Mechanical & Structural

D e - .
oe Sener structural Mechanical IF Y Electrical IF
%//?he Mission ops & Safety & fault GNC & relative T
o e eron docking tolerance nav P
. ili Thermal IF &
Astroscale Servicer Durability &
reliability loads

NOVASPACE e 17




Your contacts at Novaspace

Carla Filotico Federico Trovarelli Vincenzo Schiavo

Partner & Managing Director Manager Senior Consultant

carla.filotico@nova.space federico.trovarelli@nova.space vincenzo.schiavo@nova.space

NOVASPACE gV QVS @ Doireion Pstroscale 22 sener NOVASPACE

Company



https://www.linkedin.com/company/euroconsult/
https://twitter.com/Novaspace_
https://nova.space/
https://www.youtube.com/channel/UChJbGad1Ars96rvqBW7zaLg
https://www.linkedin.com/company/euroconsult/
https://twitter.com/Novaspace_
https://nova.space/
https://www.youtube.com/channel/UChJbGad1Ars96rvqBW7zaLg
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