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An In-Orbit Demonstration Mission Aimed at End-of-Life Service
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Emerging plans for low Earth orbit (LEO)-based constellations featuring large numbers of satellites mean in the
near future, space populations could significantly increase. Systematic spacecraft end-of-life (EOL) management
strategies assuring post-mission disposal (PMD) are required to maintain utility of all LEO assets.

Astroscale is developing ELSA-d which is satellite for EOL service demonstration mission, due for launch in
2020.

ELSA-d consists of two spacecraft — a chaser and a target. The chaser is equipped with proximity rendezvous
technologies and a magnetic capture mechanism, whereas the target has a docking plate (DP) which enables it to
be captured. Each phase of the main concept of operations (CONOPS) will be discussed and how these would
align with future servicing missions. Demonstrations include: target search, target inspection, target rendezvous,
both non-tumbling and tumbling capture. This paper will provide an overview of the ELSA-d EOL mission,
ASTROSCALE'’s first semi-cooperative spacecraft retrieval technology and capability demonstration mission.
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8th JAXA Space Debris Work Shop, 3 - 5 December 2018
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Representative Astroscale UK Astroscale Japan
(2017) (2015)

Founder and CEO, Nobu Okada, and COO, Chris Blackerby,
meeting Japanese Prime Minister Shinzo Abe, March 2018

Founded: May 4, 2013 Astroscale Singapore (HQ)
Team: ~55 (2013)
Capital:  $102M during four funding rounds, supported by angel investors,

VCs, public-private fund, and private companies.

Mission: Secure long-term spaceflight safety for future generations
Services: End of Life (includes large constellations)
Active debris removal
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End-of-Life (EOL) vs Active Debris Removal (ADR) @

EOL services are different from ADR in many aspects

End of Life (EOL) Active Debris Removal (ADR)

“Don’t add any more debris” “Remove debris that is already there”

LN HEI NI GG W Constellations, Private Satellite Operators Governments, International framework

Target Objects - Satellites that have failed in orbit or - Environmentally critical objects

reached end of operational lifetime - 500kg+
- 50~500kg - Existing debris
- Business continuity and maximize revenue - Demonstrate commitment to orbital
- Adhere to best practices and public sustainability
demands - Assure spaceflight safety for all operators

Rationale

Global Re sponsibility

Key Technology Semi-cooperative approach and capture Non-cooperative approach and capture
Regulation B2B commercial contract following mission = Require international consensus
Authorization approval from launching state

ELSA-d — An Overview

ELSA-d: End of Life Service by
Astroscale - demonstration

Key Mission Details
» Chaser: 160 kg
* Target: 20 kg with docking plate (DP)

* Presently in final design stages with AIT

to commence Q1 2019.
» Range of hardware and software prototypes
available with testing underway.

» Launch targeting Q1 2020

+ Signed with Glavkosmos/GK Launch Target (with DP)
Services, Soyuz 2 —_—
+ SSO (500-600 km), LTAN 10.30-11.00. it 2Ly Siomear

| <SG
 Full phases of operations that would be
necessary for a full EOL service,
including target search, inspection,

capture, re-orbit and de-orbit.

Copyright © ASTROSCALE All Rights Reserved. 4
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ELSA-d — Key Technologies — |

End-to-end rendezvous solution
including far and short-range approach

* Two GNC processors (GNC command, data
handling)

» Usual complement of attitude sensing e.g. star
trackers, attitude control e.g. RWs and position
sensing e.g. GPS

» Specialist rendezvous: ranging system, night
navigation cameras (wide and short angle), day
cameras (wide and short angle), range finders,
illumination device

Advanced operational capabilities

» Search for targets and approach with
absolute to relative navigation hand-over.

+ Fly-around inspections of target with
operator assessment.

Docking plate to enable semi-
cooperative removal

» Designed with constellation customers
in mind.

At-night magnetic capture of non-
tumbling and tumbling targets

» Capture system is designed to extend
and retract and allow multiple captures
and releases.

Copyright © ASTROSCALE All Rights Reserved.

ELSA-d — Key Technologies — Il

Flight software designed with ECSS
Level-3 autonomy

» Event-based autonomous operations
» Execution of on-board operations
control procedures

Re-orbit, de-orbit and passivation
capabilities

» Green propulsion system with high Isp
and compatibility to small launch
vehicles

Mission designed with safety
evacuations and passively safe
trajectories in mind

» Collision avoidance (passive and active abort)

* Movement to evacuation point

» Protected safety ellipse

* Manual experiment abort

* Protected critical functions (including de-orbit)

+ Safety critical computing: FDIR and safety tasks
» Architectural redundancy

+ High-fidelity ground-based simulation

Ground segment designed specifically
for in-orbit servicing

Copyright © ASTROSCALE All Rights Reserved.
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ELSA-d High Level ConOps

Initial orbit i
(500km)
Navigation tech. Inertial Navigation Diagnosis Re-orbit Passivation
check-out Validation demo maneuver
v v v
27 )
72) v
] b/ 2
i \Z
Capture w/o Capture w Target Search
. tumbling tumbling demo
Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 Phase 6 Phase 7
LEOP Commissioning Capture w/o Capture w Diagnosis & Re-orbit Closeout

Tumbling Tumbling Target Search

7
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ELSA-d ConOps video

https://www.youtube.com/watch?v=laFHhiOXqlc
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ELSA-d Mission Configuration

Target TM
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Station Control

Target Mission Control System

Target MCS: Mission Control System
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Station Status
Chaser .
Ground Stations Station Control Commands
Spacecraft 3
Surveillance

Spacecraft tracking data

Flight Dynamics Conjunction warnings

External Data Provider

Maneuver plan
Chaser GPS Data

Initial Orbit insertion
Launch Operation Status
Separation Timing

Launch Vehicle
(Launch Provider)
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Path Forward

Common Components

FDS: Flight Dynamics System
MPS: Mission Preparation System

\

MOIS: Automation

Chaser Flight Operation System

MCS: Mission Control System
FDS: Flight Dynamics System
NIS: Ground Station Control System

\ %
4 N
Mission Simulator
(Chaser & Target)

o %

(MCC)

Mission Control Center E
o

A

* From an EOL perspective, Astroscale is engaging large
constellation providers to perform an IOD mission.
« An |OD mission will solidify a partnership and enable

technology to be matured.

* Main driver is minimising cost to Astroscale and cost to the

customer.
TRL1to5 TRL6to 7 TRL7to8 TRL9
Ground ELSA-d Constellation Constellation
Models Mission 10D Mission EOL Servicing
Testing in EVT In space, but Full operational Full operational
ground facilities different altitude environment environment and
and target fully in service
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Astroscale

For the Responsible Use of Space
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