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Abstract

Over the last few years, the space debris populati@rbit has dramatically increased. The riskcollision for
satellite missions is a problem more and more tathéhoroughly by all agents involved in SSA. Therdpean
Space Surveillance and Tracking (EUSST) providelistm Avoidance (CA) service to European usersaohot
redundancy scheme involving the French and Spa@ration Centres (FR-SSAC and S3TOC, respectivllyg
of the main objectives of the EUSST is to provie best CA service based on all the available imé&bion and
attending to the specific user requirements. Thalave data might come from the well-known extérs@urces
(CDMs published by the 18th SDS, orbital informatfcom the Special Perturbations catalogue, andigaperator
orbits, among others) as well as from internal sesito the EUSST: registered operator orbits aadl#ta provided
by the European Space Surveillance and Tracking@ewetwork (EUSST-SN), a continuously growing reatvof
sensors providing thousands of measurements taahared through the EUSST DB in a daily basise8am this
data, FR-SSAC and S3TOC can generate enhancedddiiqis (CDMs based on refined 18th SDS CDMs), EUSST
autonomous CDMs, and even mixed types through Basion of the different orbital data sources. Idiidn, the
CA service provided by EUSST is adapted to theiqder needs by orbital regime, type of seconddnject (debris
or active) and primary spacecraft characterist®5IC, propulsion system). Thus, the challenge isnamage all
these sources of information in the most optimurmmea, tailored to each user. An adequate assignmueaht
evaluation of the priority of each type of CDM réisuin the most reliable source of data. Presentinty the
relevant information to the s/c operators, prevemsoverload of information at times when decisiorgd to be
made within a few hours. A summary of the mostregtng cases found in operations by the FR-SSACS8TOC
operation centres will be presented illustrating #uded value of the EUSST CA services fusing pieltorbital
data sources.
Keywords: SSA, collision avoidance, EUSST, sensor networliceplebris

Acronyms/Abbreviations
Collision Avoidance or Conjunction Assessmentl. EUSST CA Service

(CA), Conjunction Data Message (CDM), European

SST Support Framework (EUSST), European Space EUSST CA Service is a public Conjunction

Surveillance and Tracking Sensor Network (EUSSTAssessment service, operational 24/7, provided deem

SN), 18" SDS High Accuracy Catalogue (HAC), High than 280 s/c (as of Julyst12022) belonging to

Interest Event (HIE), Operation Centre (OC), OrbitCommercial companies, European Governments &

Determination (OD), Orbital Ephemeris Messagelnstitutions and Universities. It was set in plater the

(OEM), Satellite Owner and/or Operators (O/O),Decision No 541/2014/EU of the European Parliament

Probability of Collision (PoC), Special Perturbaso and of the Council of 16 April 2014 Establishing a

(SP), Scaled Probability of Collision (SPoC), SpaceFramework for Space Surveillance and Tracking

Situational Awareness (SSA), Space Surveillance anSupport [1].

Tracking (SST), Station Keeping (SK), Spanish Space

Surveillance and Tracking Operations Centre (S3TOC) The main purpose of CA Service is to generate and

Spanish Optical Sensor Network (S3TSN), Hard Bodynalyse CDMs, either generated from several sowtes

Radius (HBR). information such as ephemerides provided by
Owner/Operators, measurements from national &
EUSST sensors and orbital information from the 18th
SDS, or received from external entities such asl8ta
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SDS and NASA CARA team, as depicted in the EUSST
Service Portfolio [3]. 2.1 18" SDS CDM
This information comes directly from the 1&DS

A severity level (INFO, WARNING, ALERT) will and CARA routine screenings and is published ircepa
be associated to each CDM depending on thresholds ¢track.org. The orbital data for the primary/secagda
scaled PoC and/or the geometry (radial separation &bjects may come from either O/O ephemeris provided
miss distance) which are agreed with each user in lay the owner/operator or the 1&DS High Accuracy
Service Configuration Document (SCD). Catalogue (HAC), which is built based on sensoadat

By default, WARNING and ALERT products are all from the U.S. Space Surveillance Network (SSN).
uploaded on the EUSST Service Provision Portal and Conjunction events are detected within their
manoeuvre recommendation can be provided to the usgcreening volumes and CDMs are provided according t
for ALERT products. their reporting criteria: advanced or basic.

If the severity of an event is confirmed to ALERT,
tasking request will be issued by the nominal O@lto 2.2 18" SDS SPCAT
EUSST OCs through the EUSST Database. The other The Special Perturbations Catalogue (SP Cat) ¢s als
OCs will then evaluate the ability of each sensmr tused as an external source of information. It isegated
contribute and inform the OC in charge through theand maintained by the #8SDS and it is based on the
database. They will then upload on the EUSSTobservations from the U.S. Space Surveillance Netwo
Database the data collected until the end datehef t Currently, it contains ephemerides for +20,000 fubl
Tasking Request. objects.

If a collision avoidance manoeuvre is required tc2.3 Operator Orbits published at space-track.org
mitigate a risk, the OC in charge will propose are Some organizations including mega constellations
several manoeuvre scenario optimized from Flighsuch as Starlink and OneWeb share their ephemerides
Dynamics point of view. The best scenario will thHen through space-track.org. These ephemerides reprasen
determined based on the constraints expressed eby thaluable source of information, as they contain the
user, which may require a few iterations. planned manoeuvres and the most up-to-date spétcecra

states. Operators can also keep up to date on-space

When a risky conjunction is detected with an activerack.org the active and manoeuvrability statusés o
spacecraft, OCs providing EUSST CA service can alstheir spacecraft.
take in charge the coordination with other opesatar
CA providers (with the agreement of the user), will2.4 EUSST Operator Orbits
ensure that all parties share the assessment of the Nominally, O/O registered to EUSST CA service
situation and will propose mitigation actions. share their operational ephemerides through thesHUS

Service Provision Portal (SST Portal) routinely.

Furthermore, in case of exceptional operationg\dditional information such as planned manoeuvees i
(LEOP, ENnd of Life, s/c relocations), EUSST CA typically provided.
service provides dedicated support such as a fast In the same manner, special files containing
screening feature. tentative manoeuvres can be uploaded by the O/Os fo

planning or testing purposes.

To sum up this introduction, EUSST CA service
tries to match as much as possible the needs of tl#&e5 EUSST Sensor Network measurements and
registered users and adaptations can be studiedeand products
up if new needs are expressed. Furthermore, EUST C Sensors from Member States are continuously
service ease the coordination between its registereontributing with data that is shared through atjoi

users and the other operators & CA providers. database (EUSST DB). These data constitute the basi
for a future EU SST Catalogue that will be usedtfer
2. Available data sources SST services

Currently, FR-SSAC and S3TOC process thousands

To provide CA service to the different EUSST userspf daily measurements to build and maintain a ogta
FR-SSAC and S3TOC have access to objects’ orbitalt national level. The orbital data that is gerestais
data from multiple sources, either internal to BW4SST  used downstream in the nominal CA screenings heeit
or published by external entities (i.e., trough cgpa detect new potential conjunctions or provide EUSST
track.org). users with updated information for on-going events.

The available data sources are briefly described he
below.
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This information is autonomous with the added

value to the user to confirm the information praddy To optimize the available resources, the EUSST is
any other external source. integrating a new Coordinated Planner (COPLA),

aiming at coordinating the planning of the EUSST
2.5.1 EUSST Sensor Network System network of sensors by the software evaluation and

The Sensor function consists of a network of sensomptimization of its operations in a routine basis.

to survey and track space objects in all orbitgimes

(LEO, MEO, HEO and GEO). The network currently 2.6 Statistical methods for covariance computation of

comprises 44 sensors of the Member States of tHe SS  non-EUSST orbital sources (abacus)

Consortium, including radars, telescopes and laser Sometimes, the covariance information provided in

ranging stations (see Fig. 1). The network includeshe Orbital Ephemeris Message (OEM) of the primary

tracking sensors and surveillance sensors. object is not provided or is not realistic, althbugis a
key variable for the computation of the probability
collision. In these cases, the OCs are capable of
computing a covariance abacus, also referred to as

P “observed covariance”, from the differences between
successive, uncoupled orbital determinations.
.- . / Determined orbit / Predicted orbit

Measurements

0D interval

Fig. 3. Determined énd prédicted orbits

MFDR-R

To calculate the covariance abacus, the predicted
. _ orbits available at a given time period are comgare
Fig. 1. EUSST Sensor Network (EUSST Servicewith subsequently reference (determined) orbits and

Portfolio, March 2022) their differences as a function of time are caltedgsee
OEM Start Epoch e OEM stop Epoch
2.5.2 EUSST Sensor Network Planning and Tasking o/ ovemisom_ / pregeteort \
Requests s e,

The architecture of the EUSST SN Tasking Requesi
and Sensor Planning processes is shown in Fig. 2.

op interval erva ainin asur

Fig. 3 and Fig. 4).

Currently, the sensor network planning is done at orbital
national level. In case of a CA High Interest Event ferences
(HIE) or any other event such as fragmentationesr r ;
entry, the nominal OC will open a Tasking Request inetermfnedmbw / \ —
(TR) through the EUSST DB to communicate the neec == iE ﬁ
to obtain measurements for a specific object(s)e Th |
other OCs will then evaluate the TR and reply based | T
their ability or not to contribute. Determined orbits®
This cooperation allows to improve the orbital ! < From independent and uncorrelated 0D

information of the objects involved in the potehtia Fig. 4. Orbital differences between reference
conjunctions and to provide new CDMs to the saeelli (determined) and predicted orbits
O/0.

Sensor Network Data Processing Service Provision

National EUSST
databases /. » Database/ PR > oo TR

catsloguesin y
L£0/MEO / GO Catalogue

FG Service

Fig. 2. EUSST Sensor Network Planning and
Tasking Requests (EUSST Service Portfolio)
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Orsta cfferences and covariance abecus n T companent catalog. This confirms the consistency between
measurements provided by EUSST-SN and th& 18
SDS SP catalog.
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Fig. 5. Example of the along-traék orbital
differences for a GEO communication s/c with electr
propulsion

Fig. 6. Residuals o? EUSST measurements
When the number of orbits compared is sufficientlycompared to SP catalog successive orbits from @ctob
large, this process leads to obtaining a statistice?020 to March 2021

dispersion of the orbital differences as a functimh

time in each of the spatial directions (see Figor5an On the other hand, residuals of EUSST
example of orbital differences obtained in the T-measurements computed against the O/O successives

component). orbits during the same period shows at first a loifis
around 6.8E-3° in right ascension which correspdods

2.7 O/O quality estimation thanks to EUSST sensor& 9Km bias in in-track.
data .
Ephemerides provided by O/O are a crucial input o ,

EUSST CA service, especially for manoeuvrabl

1a

o il o g
spacecraft, and any bias in them may lead to a Wﬁl i »
inaccurate assessment of a conjunction. - f

The quality of ephemerides over time of a
spacecraft performing station keeping manoeuvre
every few months (or for a non-manoeuvrabl #ﬁ_*ﬁ e itrelgiiaren 1 STLI

spacecraft) can be assessed rather easily by cmgpal
them to successive orbit determinations of the WS S
catalogue or of EUSST OC national catalogue
However, it's much more difficult for spacecraft Fig. 7. Residuals of EUSST measurements
performing station keeping manoeuvres every fewsdaycompared to OO successive ephemerides (chemical
(for instance, GEO s/c with chemical propulsion) orspacecraft) from October 2020 to March 2021
even nearly every days (for instance GEO s/c with
electrical propulsion) as orbit determination am so This method was used on several GEO chemical s/c
accurate. and confirmed that measurements could be usectlglirec
Therefore, a methodology has been set up to assags evaluate biases in OO ephemerides. It can aso b
the quality of ephemerides of a given s/c by usingoncluded that OO ephemerides should be trust liglind
directly the measurement gathered by the EUSST-Si case of close approach as a few kilometre biaisio
without the need to perform successive OD. Thisrack is not negligible at all when compared to the
methodology will be depicted in the two examplesscreening volumes (typically 10km) as well as thiesm
below firstly for chemical propulsion spacecrafth o distance threshold (a few km, depending on each s/c
which it was validated, and then for electricalSuch biases should be removed as much as possible t
propulsion spacecraft ensure that the risk level of a given conjunctien i
correctly assessed.

0242071 Bane302

2.7.1 Chemical propulsionGEO spacecraft

Firstly, EUSST measurements were compared t9.7.2 Electrical propulsion GEO spacecraft
the SP catalogue successive orbits of a GEO chémica Since the methodology was validated for chemical
spacecraft by computing the residuals. Globallyg thpropulsion GEO s/c, it was applied to electrical
residuals in Right Ascension and Declination argropulsion GEO s/c.
centered around 0°, with some outliers due to the For these spacecraft, the M.&DS SP catalog is
maneuvers which are not reflected in real timen#y$P  unfortunately not accurate enough due to the fregye
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of maneuvers. However, in-track biases can be fuick different CDM types are computed internally witreth
identified by plotting the residuals of measurersesit most recent orbital information.

EUSST-SN against the O/O ephemerides. On the plot On the other side, OCs are also re-evaluating the
below, a bias of 6.3E-3° was detected on rightCDMs published by the 8SDS or CARA CDMs. In
ascension, which corresponds to an in-track bias dhis process a scaled Probability of Collision (SP&

around 4.6km. computed and the orbital information of the seconda
object is screened against the latest O/O orbitabla
T - for the primary.

%ﬁmﬂﬂ'”ﬁm*mmh"““"* ."“"““""“‘g‘*‘"!w 3.1.2 CDM types provided by the EUSST
i — As a result of the screenings, different CDM types
— : \ are available at the OCs to evaluate each conpmcti
b : event.
ok s B ORI s ¢ et P
3 o mvsmon BESE e

aaaaa

Fig. 8. Residuals of EUSST measurements g —EEEREEE [AE . Rt d i e
compared to OO successive ephemerides (electric
propulsion spacecraft) from October 2020 to Marct

2021 Abacss { Cafbration Refined Hard Body Radius & PoC sensidvty analysis

Fig. 9. EUSST CA CDM types (EUSST Service

3. Optimum use of data sources in conjunction :
Portfolio)

data messages

FR-SSAC and S3TOC Operation Centres have Fig. 9 shows how the input orbital sources areduse
developed algorithms that fuse the available orbiaga  91Ving rise to the consequent CA EUSST CDM types

sources to generate different types of Conjuncbata defingd in the Service Portfolio. Note that manplecn_t
Messages, as it will be presented in the fonowingcombmatlons can be generated but are not nominally
section. provided to the users. However, they can be used

internally by the OCs as complementary data, bat ar
3.1 CDM generation at EUSST sometimes quite specific. In any case, their adddde

The OCs are continuously developing and'S being analysed and might be incorporated inréutu

improving algorithms to automate, as much as plessib Versions of the Service Portfolio.
the provision of CA services. Nevertheless, analyst EUSST autonomous CDMsese products are based

services are provided in case of specific eventg. (e ©0 the ephemerides maintained in the national
HIE), ad-hoc O/O requests, etc. catalogues (and in the fqture the EUSS'T.catangme)
the secondary object, while the O/O orbit is usmttie
primary; they are labelled as OPSvsCAT. These
types of automaticProducts rely on the measurements gathered by the
USST Sensor Network, and as such constitute a
consolidated source of information for EUSST CA

3.1.1 CA screenings

There are basically two
screenings to identify the close approaches: tho
between the primaries against the full catalogutthe

re-evaluation of the CDMs published at space-targk. ~ Services.
Screenings against the entire catalogue use the Enhanced CDMs these products are based on

different ephemerides available at that time toecet CDMS published by external SSA providers {18DS
conjunctions inside the screening volumes (main2Nd CARA). They are a re-evaluation of the input\CD
dependent on the orbital regime and/or the riskellev IrStly to use the hard body radius (HBR) consideby
thresholds defined in the SCD, among others). ThEUSST OCs and secondly to output the results of the
frequency of these screenings also depends on tiiga/€d PoC analysis. Typically, two enhanced CDMs
orbital regime of the primary objects. Nevertheless@r® computed internally for each update that ditier
once a potential conjunction event is detected lasd th€ source of the primary orbital data: O/O ephésner

below certain thresholds, the system will autonzéityc and HAC; they are labelled as OPSvsCDM _an_d
compute a new update in a 1 vs 1 analysis as sotrea CDMvsCDM, respectively. When the O/O ephemeris is

orbital information of the primary and/or secondaryUS€d, the covariance data is obtained from the
object is updated. In this manner, throughout thg d covariance abacus (see Section 2.6) and will bentak
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into account in the computation of the PoC and theharacteristics of a given conjunction. A greatiets

SPoC.

Nevertheless, there can also be additional
combinations in case the secondary object is aeine
its ephemeris are available to the EUSST:

CDMs based on operational orhitadditional types .
are obtained when the secondary object is activease
the secondary is a EUSST registered asset, thendICs
generate an OPSvsOPS CDM type. Otherwise, if the
operational orbit is available by other externalame
(direct contact with the secondary O/O, or shared
through space-track.org) an OPSvsEXT CDM type will
be generated. These products usually provide th&t mo
reliable information regarding the satellites’ fidu
states, as they include manoeuvre plan informatad, .
it is particularly valuable to perform risk assessinof
conjunctions between active-manoeuvrable objects.

CDMs based on SP Catalogue: a similar manner .
as for autonomous orbits, the screening procesks wil
generate a CDM (labelled OPSvsSPCAT) in which the
source for secondary orbital information is the G&. .
Screenings against the SP Catalogue allow the OCs t
detect potential events in advance and task theSHUS
Sensor Network before the first 18th SDS
detection/notification arrives (i.e., #8SDS provides
CDM for MEO/GEO spacecraft up to 10 days before
TCA). In addition, screenings based on SP ephemeris
allow confirming when an event decreased its risiel
or lies outside screening volumes, and thus explain
why no updated CDMs are provided by the 18th SDS.

They also serve as secondary product confirming the
conjunction assessment based on EUSST autonomous
CDMs, when no Enhanced CDMs are available.

It is important to mention that the full SP Cataleg
is updated only once per day, and that the praogssHi 322
the raw SP Cat to produce the SP ephemeris ise tim’ :I'he
consuming process. This means that, although iildho
be in line with the HAC catalogue at the time of

. L reason,
generation, it might not always represent the most
updated source of information.

3.2 CDM type priorization

It is at this point that it becomes crucial to
understand and be able to prioritize amongst the
different products to present only the
information to the s/c operators. As such, thi
priorization presents a challenge, as it not omgehds
on the needs by orbital regime, but also on mahgrot
factors such as the type of secondary object (sledori
active) and primary spacecraft characteristics (GNC
propulsion system).

relevantOr HAC

Sthe s/c.

Indeed,

3.2.1 CA service events typology

The service to be provided facing a HIE is tailore
to each O/O, based on the characteristics of the
registered assets, the user needs and the particula

IAC-22,A6,IPB,4x73593

of factors have a weight on this process:

Orbital regime:

= LEO

= MEO

= GEO

= HEO
Object status:

=  Debris

=  Unknown

= Active

Object manoeuvrability status:
= manoeuvrable
= not manoeuvrable
O/O status:
= EUSST
= non-EUSST
Confidentiality status/military assets
Object orbital information:
= O/O orbit (EUSST or public)

= other sources (from autonomous
observations, SPCAT, 18 SDS
CDMs)
Primary-Secondary pair:
= collocated
= common user
= none
Objects suitability for tracking:
= trackable

= not trackable

CA service priority
main driver of the logic is whether the

secondary object is manoeuvrable or not. For this

it is important to know the manoeuvring

Capabilities of each object, and a historic of the
manoeuvring cycles. This status is sometimes plyblic
available but is as well determined by the OCs thase
manoeuvre detection algorithms.

When the object is manoeuvrable, the orbital
rhformation from autonomous predictions, SP Cataéog

products may not represent the actual coofse
Instead O/O orbits either internal or exeto

the EUSST are the preferred orbital data sources.

it is likely to find such discrepancies in

operations when managing HIEs with this type of
secondary objects.
For not manoeuvrable objects, the discrepancids tha
may arise are more related to the freshness ofldhe
Oand its quality, and it is the OC role to identifhich is
the most reliable source of information at a gitiere.
In cases where it is not possible to acquire enough
autonomous measurements to compute an orbit aecurat

Payef 12
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enough (i.e. SMALL objects in LEO), then the CA
service will be based on #8DS information. CDMs 4.1 Real event A - CA event between a GEO
and SP Catalogue data. Note that, due to the hatenc communication satellite against a debris
the SP information update, the former is considexred This is an example of the added value of the
the most reliable information. autonomous product OPSvsCAT in GEO to detect a
3.2.3 Risk level evaluation potential conjunction (prior to the first CDM issliby

All the products generated and described in previouthe 18 SDS) and of the importance of managing
sections are not directly published, as they couldlifferent sources to cross-check and monitor, by th
overload the user with many discrepant informationOCs, the evolution of the conjunction and the
Instead, the OCs will evaluate the risk level inotw discrepancies amongst them (if any), to providéearc

different stages: input to the O/O through the event updates.
1. The risk level of the CDMs is computed based The conjunction took place in June 2022. The
on geometry and probability thresholds. primary object is a communications satellite in a

2. The risk level of the conjunction is assignedgeosynchronous orbit for which the O/O daily presd
based on the risk level of the most reliableephemeris, including Station Keeping (SK) plan.toa
CDM type. The most reliable CDM type may contrary, the secondary object is a large, noncti
change during the follow-up of an event, forpayload that crosses the GEO belt in an orbit with
instance, if for a given event the first EUSSTalmost 15 ° inclination.
autonomous CDMs is computed after the first The geometry evolution of this event is shown in
Enhanced CDM. Fig. 10 and Fig. 11, for each of the most relevabtv
types computed by the OC.
In this manner, it is possible to present only vafd
information to the s/c operators. 10

3.2.4 Publication and communication to the user 2

Based on the computed risk level of the conjuncgtion
is then possible to determine which events reptesen
dangerous situation and have to be reported t®tke
and those that might even require a mitigationoacti .
(i.e., CAM).

The information is clearly presented to the user, a
the published products for the same pair of primary R e,
secondary with close TCAs (typically within one fthu Fig. 10. Miss distancev evolution
of the s/c orbital period) are organized underralsi
event ID. This ID is constructed with the objecBs|

—&— JSPOCOO0VsISPOC
CDMOOvsCDM

Miss distance

— @ — OPSwsCAT
—&— OPSwsCDM

together with the TCA. The product with higher pitip ns H4__
at each time is then uploaded and the user carlyead o
see the evolution of the event in terms of geomddry 03

—&—JSPOCOOVsISPOC

plane changes and probability values (includindisga
factors sensitivity analysis).

When a HIE event is declared, the analyst will fiyoti
the situation to the O/O. Usually, the notificasoare 3
done via email, although some operators demand  =s

CDMOOvVSCDM

Miss distance

- ® — OPSvsCAT
—=—0PSvsCDM

phone call at first detection or if there is littheargin T e e o & )
until TCA. Daily updates untii TCA are always Time to TCA (days)
provided in case of HIE events which are monitdogd Fig. 11. Radial distance evolution

the analysts.

The OCs are also capable of providing CAM support  The first product was published more than 13 days
to the operators. In this case, the user willlseirtarget before TCA. It was an EUSST autonomous CDM (or
post-cam thresholds (in terms of geometry and/oOPSvsCAT). The ephemeris of the primary object was
probability), and the OC will provide with differen provided by the O/O while the orbit of the secordar

CAM strategies and recommendations. object came from the OC national catalogue (iteyais
' determined from the available measurements in the
4. EUSST Operational cases EUSST DB from the European Space Surveillance and

The present section list a brief summary of thetmosTracking Sensor Network (EUSST-SN)).
interesting cases found in operations.
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At this moment, considering that the event was The orbital differences between the pre and post
classified as a HIE, a Tasking Request was crefted station keeping manoeuvre updates are shown in Fig.
confirm the orbital information of the secondanjestt  13. It shows the effect of the modified SK plantbe
and to which sensors from 5 different countriess/c orbit.
contributed. The availability of new measurememtd, a Even though no CAM service has been requested by
consequently, the updated ephemeris for the secpndahis user, the EUSST computed updated CA screenings
object confirmed the risk and new updates ofperfectly in-time, confirming the risk mitigatiorf the
OPSvsCAT CDMs were generated. proposed CAM, providing the user useful information

Nearly 10 days before TCA, the conjunction wasfor the CAM design and the GO/NOGO decision. The
confirmed by the 18SDS. The miss-distance and radialOC in charge also sustained continuous, effectivé a
distance were both aligned with the EUSST auton@molclear communications with the O/O until TCA.
predictions. Given this coherence among the differe Even after the event risk level decreased and the
sources of CA information, the event continued & b conjunction was considered as mitigated, EUSST
managed autonomously (The S3TOC providecautonomous CDM updates continued to be published
service for this High Interest Eventbased onuntil TCA confirming no further change in geometry.
100% autonomous EUSST products. Nevertheless, used
18th SDS information for double confirmation albayf 4.2 Real event B - LEO event between two EUSST users
the event.). A visualization of the conjunctionT&A at This case illustrates a particular scenario in Whic
this point is shown in Fig. 12. both objects, registered in the EUSST CA service, a
operated by two different O/O and are each senined
one of the two EUSST OCs in charge of the CA servic
(FR-SSAC and S3TOC).

The primary object is a manoeuvrable s/c in sun-
synchronous orbit for which the O/O daily provides
ephemeris. On the contrary, the secondary objeet is
medium, active not manoeuvrable payload in sun-
synchronous orbit. Both sun-synchronous orbits were
= ; - : . opposed in RAAN at a very similar altitude, whiad|
Fig. 12. Visual representation of the conjunctionig 5 quasi-frontal close encounter on first hal2@go.
event at TCA, before the SK plan update. It inchutte Fig. 14 and Fig. 15 show the evolution in miss-
ellipsoids of the primary (red) and secondary (g)ee gistance and radial distance for the EUSST computed
objects. series of CDMs (in particular, those combining O/O

orbits and 18 SDS data).

Almost 6 days before TCA, the O/O sent a new The first product was published by the18DS
ephemeris containing an update in the SK cycler@®io  4)most 7 days before TCA and it was a CDM based on
to mitigate this conjunction while ensuring the catalogue orbital information (HAC) for both object
spacecraft's main mission. S3TOC screening agétiest Indeed, several updates of this type were generated
national catalogue using the O/O orbit with the ified | ti| 5 days to TCA, when products with operator
manoeuvre plan confirms the decrease of ris phemeris” were computed (this corresponds with

informing the user of the s/c. A few hours lateisth ominal screening criteria in LEO for both EUSSTan
decrease of risk is also confirmed by the 18th SDS.  qgn SDS).

T
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The discrepancies between the different products
lies on the orbital information of the secondaryech
as the CDMvs. and CDMOOvs. CDMs are consistent.
The geometry showed by the CDMs computed with
catalogue information for the secondary object was
indicating a radial distance below 100m while thdes
using the operator orbit indicated a MD > 200mislt
worth mentioning that the HIE threshold agreed il
users was a radial distance below 100m.

This effect was also observed when analysing 18
SDS CDMs (see Fig. 16).

Fig. 19. Visual representation of the conjunction
event after TCA

Given that the situation was stable outside the HIE
limits (considering types with secondary operationa
015 orbit as the most reliable sources of information)

o ——srocoowiroc  FIYSST recommended not to perform mitigation action
T meeeeet® and no CAM manoeuvre was performed. Therefore, the

————— %

Radial distance (km)

i JSPOCvsISPOC

! | EUSST cooperation throughout the event and its

\ I outcome did provide the O/O with reliable infornoati

\ ! and prevented the extra cost and risks derived from
unnecessary CA manoeuvres.

-0.3

e
-0.35
-8 -7 -6 -5 -4 -3 -2 -1 0
Time to TCA (days)

Fig. 16. Radial distance evolution for 18th SDS
CDMs

4.3 Real event C — First Galileo CAM
For MEO and GEO s/c, a screening is performed
daily against the SP catalogue by the OCs to ifietfte

conjunction that may become risky in the future ford
The event was closely followed and both FR-SSAC , . . .

and S3TOC OCs cross-checked the consistency betwe‘é’ﬁéi?na ;ﬁﬁg%égg:s;: SQ Ol#:e bs?enss?)r;ts t:ohnt::iTg uki)e
the updates computed independently. Additionallp O EUSS‘Ig y oy

ephemerides were shared between the EUSST OCs - On February 25 2021, this screening against SP
under agreement of the owner operators involvedth W atalogue raised a’conjur;ction between GALILEO 23
this information, an OPSvsOPS CDM was compute 2018-060C) & an ARIANE 44LP R/B (1989-062C)
(see blue-diamond in Fig.. 14, Fig. 15 and Fig. Thjs with a TCA on March 07 2021. Consequently, FR-’
g;(;?ggtpggo\\;ngeto confirm the geometry as well 4%SAC issued a tasking request on the secondargtobje
’ Later that day, the first 18th SDS CDM was received
and the first OPSvsCDM product was generated with a
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Scaled PoC one order of magnitude above the ALERT
threshold for Galileo fleet.

The first optical measurements were received from
EUSST-SN on February 25th around 23h, proving a
good reactivity of OCs.

Consequently, on February 26th, the Galileo team -
sent a first test ephemeris including a CAM. Durihg
following days, as the risk level remained high, éxil
the users refined the sequence of events of a ften
CAM and tested several CAM scenarios.

In parallel, FR-SSAC continued to generate
OPSvsCDM products based on 18th CDM and to
perform OD of the secondary object to generate i
OPSVsCAT products. 4.4 Real ever}t D — LEO spacecraft event against Mega

Discrepancies between these two kinds of products _Cconstellation _
were observed as expected due to the high ecdgntric  Several LEO spacecraft registered to EUSST CA
(~370km / 33300 km orbit) and drag at perigee hat t S€Tvice regularly cross the orbits of Mega conatielh

risk remained above ALERT threshold for nearly aliSPacecraft, either during their orbit raising plsase
products. during nominal operations.

A Scaled PoC of 1E-3 was reached for the last N numerous cases, alert based on CDMs using the

CDMs (both OPSvsCDM and OPSvsCAT) provided b>)—|AC orbit of the 18th SDS as source for the seconda

FR-SSAC before Galileo team had to decide on th&Pacecraft were spurious, as this orbit does et iteto
execution of a Collision Avoidance Maneuver, thisdccount the scheduled manoeuvres. The difference

threshold is several orders of magnitude over th@€tween such a predicted orbit and the actual ome m
maneuver threshold for Galileo spacecraft. A fina@mount to hundreds of kilometres a few days before

manoeuvre support was provided, and the user set t CA- For @ specific s/c registered to EUSST, subef
CAM around 1.5 orbits before TCA. FR-SSAC &larms occurred several times per week.
confirmed that no risk was detected on the ephameri ©On the other hand, conjunctions are regularly

including the CAM and generated the products based confirmed by using ephemerides of mega constefiatio

this ephemeris. available on spaqe-tra_ck.org. _
Support to the user continued after the CAM For such conjunction, experience showed that only
fOPSVSEXT are a reliable data source, but that

execution as the user had to maneuver the spatéezra SEAT S ¢
return on its nominal orbit. Thus, the follow-up this coordination is nevertheless required between EUSST

event ended with the screening of the last returPC @nd the other spacecraft operator to ensurethigat
maneuver several days later. both teams shares the same assessment of théosituat

Experience also showed that, when a manoeuvre is
needed and when one spacecraft has an automated CA,

Fig. 21: Map of sensors contributing to the event

EU SST supports Galileo in its first letting the automated CA process to perform the
collision avoidance manoeuvre maneuver minimizes the effort on both side. Of seur
the other spacecraft shall not maneuver.

However, management of such conjunctions showed
@@Q@ that spacecraft operators should keep up to date th
spacecraft statuses (active or not, maneuverabhotr

eppapie el o oHareh - ortatareh and share publicly their ephemerides on space-tegk
to ease coordination between operators.

It is to be noted that conjunctions with non-public
s/c cannot be managed by mega constellation opgrato
(as well as other operators) as they do not recEte
SDS CDMs for these s/c (typically MoD ones). For
these cases, it is the OC responsibility to scriggen
ephemerides against all available ephemerides and w
the operators when needed.

To conclude this section, EUSST OCs deeply thanks
mega constellation operators for their willingndss
share up to date data as well as to answer quidkgn
a coordination is needed.

Fig. 20.Timeline of the event
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4.5 Support to exceptional operations - Fast screening ephemerides allows to have a better assessmehgof t

Following a request of Galileo operational team toconjunction

support the relocation of spacecraft within
constellation, the need arose to implement a netufe
allowing a user to automatically receive the resofta

the

assessment on the situation.

screening of an ephemerides against the wholeocpatal

as fast as possible and at any time (i.e. out assit

These points were made clear to both operators to
ensure that each entity involved shared the same

working hours, when the on call teams are not &irth Eventl | Event | Event3 Event 4
operational centers). 2

As a result, dedicated chains were set up on O€ sidPrim. s/c | LEO1 LEO2| LEOS3 LEO4
in order to limit as much as possible all the lates and | Sec. s/c SEC1 SEC1 SEC2 SEC3
to allocate hardware and software resources sathkeat| | gych 2021-06 | 2021- | 2021-01 | 2021-01
results are provided as fast as possible. Date 06

From the user perspective, the procedure is siagld TCa 2021-08 | 2021- | 2021-09 | 2022-01
he is only required to add an agreed tag (for imsta 09
SPECIAL) in the name of the ephemeris uploaded PBcgleq | >1E-2 >5E-2 | SE-4 1E-3
the portal. Ephemerides which does not include ttgt | pgc
in their name will be process normally which allow ["Rejative | 4.4 m/s 6.0 1.0 m/s 24 m/s
receive in parallel CDMs on the free drift orbitrfo Velocity m/s
instance. The user will then receive a mail inferni [ pgjia 15s 15s 25 min. Bs
him when the ephemeris was ingested by the OCsca
followed by a second when the screening is donth wi : :
the number of generated CDMs. This allows the tser Comment S(I:EAC'\Q by E;\M :25; El\f;
check that everything is running as expected during SEC1 | decreased decreased

critical operations, in particular out of EUSST OC

working hours. The user also have access to these
statuses and related CDM on the EUSST portal, reith(-‘5 Conclusions

manually or per API.

_ This paper describes how multiple orbital data
Sources are used and fused by EUSST CA OCs and
gathers a summary of the most interesting casesdfou
in operations by the FR-SSAC and S3TOC OCs. This
illustrates the added value of the EUSST CA sesvice
fusing multiple orbital data sources as well as the

importance of coordination and data sharing to mana

These fast screening processed were used
multiple times by EUSST OC: 5 Electric Orbit raigin
Phase, 7 chemical s/c LEOP, 4 relocations and 70End
Life (As of August 2022). Results were usually
provided in a few minutes.

4.6 Events between objects from the same launch

) conjunctions between active and maneuverable
As the number of spacecraft registered to EUSSspaJcecrafts
CA service grows with time, the number of unusual '
cases managed by the OC also increase. Acknowledgements

For instance, while low velocity conjunctions
(relative velocity of a few tens m/s) often ocauitGEO,
these events seldom appeared in LEO. However, sut
cases occurred four times with different spaceahft
user in around 4 months. These conjunctions ocgurre
with spacecraft that belonged to the same launtthba

The EU SST activities have received funding frora th
European Union programmes, notably from the Horizon
2020 research and innovation programme under grant
agreements No 952852, No 785257, No 760459, No
713630 and No 713762, and the Copernicus and Galile

A 4 - volved in t ¢ th programme under grant agreements No
S.eco?. ary ""aj e"e][‘ '”V%"e '”lI.WO 0 .333 299/G/GRO/COPE/19/11109, No 237/G/
conjunctions, an pertorme a collision avol anceGRO/COPE/16/8935 and No

maneuver in both cases.

The low relative velocity implies that a small ibrb
determination change for these objects can lead to
change in TCA of several seconds (and even 25min iﬁeferences
one case) which can lead to significant changes i"l]
geometry and scaled PoC. The other point is that 2
PoC cannot be trusted in those cases and thao@éll P
had to be computed with an adequate method, here
based on Monte-Carlo. As a result, exchanges C[‘2]

203/G/GRO/COPE/15/7987.

Decision No 541/2014/EU of the European
Parliament and of the Council of 16 April 2014
Establishing a Framework for Space Surveillance
and Tracking Support (L0158/227), 2014-05-27

EU SST Service Provision Portal
https://portal.eusst.eu
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