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ELSA-d Mission @

* Consisting of two spacecraft: a Servicer and a Client

* A ferromagnetic Docking Plate allows prepared servicing of  servicer il
i i i The satellite doing the rendezvous The satellite being capturec
Client using the proprietary capture system. T g o e ) he satellite being captured

(simulating a space debris)
0.5x05x0.2m

* Successfully launched on March 22nd 2021 to 175 ke -0:

~533kmx560km, 97.5 degrees
* Designed to explore the full phases of operations necessary

for a EOL service, including client search, inspection, capture, S
re-orbit and de-orbit. /

* Licensed through the UK Space Agency.

* Operated from the National In-Orbit Servicing Control Centre
— based at Satellite Applications Catapult, Harwell Campus.

b

Capture System Docking Plate (DP)
Magnetic capture system Future proofing satellites

Astroscale which extends to enable easier docking

Detailed Operatidnal Progress Update

presentation on on the ELSA-d Debris

ELSA-d at A6.5
Dr Jason Forshaw

session on Head of Future Business (Europe)
Wedn GSde Co-authors: A: Colebourn, C. Walker, E. Hutchinson, N. Shave,

S. lizuka, Y. Seto, Y. Ota, A. A. Lidtke, Y. Kobayashi, G. Fujii,
C. Blackerby, N. Okada.

Removal Mission

73rd IAC Paris, 21st Sep 2022
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SSA observation campaign

SSA support is crucial to ensure safe and Mission observers: L ~
successful mission operations.
. EU-SST (CNES/DLR/CDTI/ASI)

Many service providers were also involved in .
making observations and analysis during the

ShareMySpace
*  Austrian academy of science

mission (Graz) '
Ground-based optical tracklets of
M' . . ° University Of Bern ELSA-d (above) and Client
. (below) - (Images courtesy of
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Mission timeline from SSA perspective

4704 & 1w o LTTTATEDr pom — (OMB.20220806TOD . SPy . LEO
leadchsn o & TCAmar

15 Feb: Servicer passed

E 1.4+ / directly above the Client,

— causing issues in tracking

‘ 1.2+

Ly Repeated close

QL 1.0- approachesand

—— ]

"G operationswithin a few
0.8 /_, doren kilometras,

iy leading to frequent

% 0.6+ incarrect association of

Mmeasurements

Cross-tagging Cross-tagging inthe

P w.
=
s

in the public 0.2 public catalogue post the
catalogue post- / closest approach
saparation 0.0 x' {:' x 5 N 5
Ti::.TQ T:ﬂ—'"’ ,L,ﬁ:n"-'fﬁ 107 i Tﬁ"fﬁ 10 >
OSSN ML N M NI

Epoch (UTC)

Relative distance between the Servicer and Client, indicating key SSA-related events that occurred during the mission. Other
ephemerides (TLEs and SP_VECs from 18 SDS, and Leolabs state vectors) shown as dots at their respective epochs
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SSA events of interest @
We now consider events relevant to the tracking of the two spacecraft:
1. Jan 25: Servicer/Client separation
2. 15 Feb: Cross-tagging event due to overhead fly-by

3. 2 Mar — 10 Mar: Repeated mis-associations of Servicer and Client
observations

4. 28 Mar — 10 Apr: Mis-association of measurements in EU SST
observations

5. 7 Apr: Closest approach and cross-tagging
6. [N/A]: Loss of attitude and its effects on the orbit
7. [N/A]: Attitude rate estimation from ground
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’
1) Servicer/Client separation and cross-tagging (25 Jan) @

* Client separation occurred on 25 Jan’22, followed shortly after by an active abort

* The magnitude, direction and epoch of this abort manoeuvre were not immediately known by
Astroscale

* For a period of time, the two spacecraft were swapped in the public catalogue, or “cross-tagged”
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2) Cross-tagging event due to overhead fly-by (15 Feb) @

*  While the Servicer was moving to reapproach the Client along the V-bar after the abort AV on 25 Jan 2022, it passed directly
above the Client on 15 Feb 2022 19:43:39 (cross-track separation of 60 m, radial of 1907 m).

e This fly-over’ disrupted radar tracking of the Client and resulted in state vector gaps SIS ATl e

A

* No disruption in Servicer tracking occurred for 18SDS, Leolabs or EU-SST
led
— il WMM\;‘
E D y NWW R A N A 5 1e2
ot m“‘vr“'rw E
% —1- AV -~ 0-
il %
5 1e5 s
L led
T T Fly-over o
— E_\-\_‘-‘-\""\-- E
Eﬂ D' e ] E
1ez ' ' ' ' ' ' ' e
— 5_
M A AAAAAAMAANAAAAMAMAAAAMAAAN g ©
-5
3 —5W.r.t. COMB.20220806T09 | W.r.t. COMB.20220806T09 - .
O A2 . o® .4 . o® Al _® a2 _o® S W P N o 1@"3’ AP AV o ®
’L"ﬂy&ﬁ ’Lh'btx 1}-\,‘3 © l:\:)x - 'bﬁ 0’ ‘EJ%' ’L"’\J N 1:\:'. > ’L’fbﬁ ol ol ol o oL o ol oF oF
Q O Q Q Q G Q Q Q EpDCh (UTC)

Internal Use Only



: L. : : : 7
3) Mis-associations of Servicer and Client observations @

Several times during the mission, when the Servicer and Client were in close-proximity (<10km), mis-association of the Client
sometimes arose

* This is distinct from cross-tagging as the ID’s were not swapped.

The larger radar X-sec of the Servicer (0.15m2) compared to the small Client resulted in automated association algorithms pick up
the stronger signature.
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’
4) Mis-association of measurements in EU SST observations @

- EU SST investigated the presence of * Associations were compared to Astroscale

mis-associations in their own ephemeris and revised:
observations.

Number of associations

* Measurements were obtained with

. Object Original Revised
the following between 28 Mar and 10 .
A 9. Servicer 31 28
pr | Client 5 8

e GRAVES radar, France
e S3TSR radar, Spain, * Several mis-associations between the two
e TIRA radar, Germany, ELSA-d craft have been detected
e GRAZ laser ranging, Austria, * Even though mis-associations are present,

they would typically be identified and

* The weighted RMS of the residuals rejected at the orbit determination stage

was used as Figure of Merit (FoM)
for each track
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5) Closest approach and cross-tagging (7 April)

* The two spacecraft approached to within 159 metres from each
other in the afternoon on 7 Apr 2022

*  Whilst planned, the close approach caused a cross-tagging
between the Servicer and the Client in the 18th’s catalogue,

Closest
approa\ch

} le3

— 0.0+

-1 W.r.t. COMB.20220806T09

q 2 0
1’1:“&9 o Qw“f‘,’ B>
N T

13 v 13 13 1
OL" G 40" obF

ORI
L 0
A8F" b

Closest
approach

/ GNSS

GNSS

Client

—

E

—2.5 1ed

0+

1S
32

1 1e3

E 0
O 7
<

-1

ol

’I:I’ ,LQ

10

W.r.t CIIDI'-"I B.ZUIZ2DB(16TE|9
0&’01 Dlﬁ;’ﬁ%

AY ALY AD Ak
ok rﬁ.'“b‘ 11,0“ ﬂgf"
LA\ LN

Internal Use Only



6) Loss of attitude and its effects on the orbit @

A Atmospherlc drag |S the Second 47944 1kt —— QPER.Z02ZO603TOY OPER.20220606TO7T « 5Py LECH
dominant force in LEO after gravity
. : : . i le2
- Differential drag between satellites  N-trackdrift 3 .
flying in the same formation needs to betvvegn £
be controlled — this is a key aspect of two different 0= ' el
ADR missions attitude \§5\
* Varying ballistic coefficient due to states le3
mass/size and attitude affects E 2.57 \
ephemeris predictions 5 0.0
* For example, the change from RIC- -2.51
aligned to sun-pointing Servicer le2
attitude resulted in significantly £ 51
different predicted ephemeris = 9
: : : O
* Differential drag, if well 5.y -t OPER 20990603707
characterised, is a potential N S N ' o > " . o
mechanism to efficiently go from ﬁ:ﬁ ﬂb*ﬁ ﬁi:rﬁ ﬂ.;;;i:r‘:1 ﬁbﬁ:’ ﬂﬁ‘ﬁ ﬁ&'ﬁ
rendezvous to close-proximity ,.L'.::.’I:L ,Lu’ﬁ’ ,L;gl.l ,Ls;:,l'l 1“11 ,Lqﬂ-l ,.Lg’lj'
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7) Attitude rate estimation from ground

* Attitude rate assessments for Client objects is essential for fuure ADR missions.

A

* To explore this, observations were made to understand how ground-based analysis of ELSA-d’s attitude motion would compare to

body-rate telemetry

* Radar cross-section (RCS) of the servicer was observed using SATA and TIRA, then analysed to extract attitude rate data.
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Analysis and discussion

The ELSA-d mission has offered a valuable insight into the demands
and issues with SSA observations regarding RPO missions

Several distinct SST-related issues have been discovered during the
ELSA-d demonstration and described herein.

These are predominantly issues that can arise when two spacecraft
operate close together, including:

 disruptions to automated tracking;
* measurement (mis) associations;
* orbit determination processes that.

For future ADR/EOL missions, when approaching a defunct
spacecraft, any disruptions in tracking could cause operational
difficulties or even result in an elevated risk of collision

This highlights the importance of ELSA-d in the context of SSA, and
underscores the value of identifying SST algorithm issues in a
controlled setting.
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