18" International Conference on Space Operations, MahtCanada, 26 - 30 May 2025.
Copyright ©2025 by CNES (French Space Agency) drali®f SpaceOps. All rights reserved.

SpaceOps-2025, ID # 335
The Surface Water Ocean Topography Mission an exdéitg CNESNASA experience of operations
Said Haouchiné*

aCentre National d’Etudes Spaciales (CNES), TouleUs@ance said.haouchine@cnes.fr
* Corresponding Author

Abstract

We share here our joint CNES/NASA experience ofraf@ns for SWOT mission including very critical
operations during 9 days in 24/7 (LEOP) followecthg first two years of regular operations andrtlesisons learnt.
This adventure started decades ago with the gdatpimove significantly the altimetry resolution efftmore than 25
years of cumulative experience thanks to JasorSantinel family missions. SWOT performs for thatfilime global
survey of Earth’s surface water as lakes, obsdhefine details of the ocean's surface topographg,measures how
water bodies change over time. SWOT is an earttergbion satellite, operating in a nearly circulaon
sunsynchronous orbit at an altitude of 890 km amarbital inclination of 77.6°. During the six firsnonths of the
mission, SWOT was flying in a one-day cycle orbé@altitude of 857 km. The SWOT flight systerthis spaceborne
element of the mission. It is composed of the spafebus supplied by CNES, and the two payload utesd(KaRIn
and nadir). The bus provides basic services tpalgoad modules and includes AOCS, Electrical podetia handling
and radio frequency communication subsystems. pheexraft's mass at launch was roughly 2000 kg.sEtellite
has been jointly developed by NASA/JPL and Centtidwal D'Etudes Spatiales (CNES) with contribusifnom the
Canadian Space Agency (CSA) and United Kingdom &psgency. SWOT is operated together by CNES and
NASA/JPL space agencies. CNES, from its controtreeim Toulouse, operates the spacecraft platfonciuding
flight dynamics operations); while JPL, from iteprises in Pasadena CA, carries out Karin payloadatipns to be
uploaded by CNES. CNES mission center is in chafgeience data product and delivery to the scieooemunity
and JPL ground data segment in charge of re-primgesampaigns. This paper examines our joint erpeg of
operations starting from the preparation phasaudiop dress rehearsals, LEOP, commissioning opsepbatil the
two first years of regular operations. It will facwn the main chosen drivers which contributed uiddba solid
operational concept based on a high level of autiomavith the feedbacks after launch and duringcimeent period
of operations. Finally, it provides some impressiagults of data thanks to the exceptional perfoices of the satellite
and a very active scientific community.
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Acronyms/Abbreviations

SWOT: Surface Water and Ocean Topography

Karin : Ka band, interferometric radiometer

CNES: Centre National d’Etudes Spaciales

JPL: Jet propulsion Laboratory

NASA: National Aeronautics and Space Administration

DORIS: Doppler Orbitography and Radiopositioning Integdaby Satellite
GPS Global Positioning System

LEOP : Launch and Early Operations

OCG : Operational Coordination Group
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1. Introduction

The CNES/NASA Surface Water and Ocean Topograpbgram is an important cooperation based on decades
of lesson learnt in altimetry since Topex Poseidussion, followed by Jason and Sentinel family liges. With an
initial mission duration of three + two years, SW@as already shown impressive results. The misgitinbe
probably extended as the satellite is working pifevith all its redundancies available.

SWOT has been launched on Decembér 2022 from Vandenberg Space Force Base througheSpiatcon 0
rocket. It is collecting a huge amount of scienatadand first results shown a real revolution réiggy the impact of
lakes and ocean on the climate change.

The mission is jointly operated by CNES and NASA/3Pace agencies. CNES is in charge of platformaijmns
while JPL operates the payload.

The satellite carries a novel, Ka band, interferimeadiometer (Karin) to capture from which maybsnore than
90% of lakes. By consistently mapping two importidr@matises in the water cycle (ocean and lakés)aitivancing
weather and climate models.

SWOT satellite is composed of a payload modulespatecraft bus whose assembly has been led byABAN
Jet propulsion laboratory (JPL) and CNES, respeltiv

The Payload has components contributed by NASA, ENiad the Canadian Space Agency. The primary adylo
is KaRIn that has been developed by JPL. The Candgipace Agency provided a high-power assembly oot
for KaRIn. CNES built the Doppler Orbitography aRddiopositioning Integrated by Satellite (DORIS)té&ma and
the nadir altimeter. JPL also provided a GlobalitRwsng System (GPS) science receiver, a Laserdreftector and
a two-beam Microwave Radiometer.

Karin measures ocean and surface water levels over-amZ@5-mi) wide swath with a ~20 km (~12 mi) gdpray
nadir. It is operated in two modes:
« Low-Resolution over the ocean with significant oatwbprocessing to reduce data volume.
« High-Resolution over broad, primarily continentalgions defined by the SWOT Science Team, focusing
on hydrology studies

Jason-class Altimetercollects data in the gap between the KaRIn swétisused to determine Sea Surface height.
DORIS Antenna picks up signals from 50-60 ground-based radictes, equally distributed over Earth to ensure
good coverage.

Microwave Radiometer measures the amount of water vapor between SW@Earth's surface. More water vapor
means slower radar signals.

X-band Antennais used for high-rate data downlink.

Laser Reflector Assemblyis an array of mirrors that provide a target &mdr tracking measurements from the ground.
Global Positioning System (GPS) Receivegricks up tracking signals from the constellatiéi®S satellites.
Mounted below the payload module, the bus is comghas two S-Band antennas which are used for thentands
and telemetry reception, the Attitude and Orbit GarSystem with a multi-head startracker, reactidreels, magnetic

torquer bars and GPS, the power subsystem includigg solar panels, and finally, the propulsiontesyswhich is
design to ensure a controlled re-entry using Sstiers.
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Fig. 1. SWOT satellite component

SWOT is operated as a collaboration between CNE&hacontrols the spacecraft bus and the Frenclopdy
and NASA JPL which plans and controls the AmeriPaiyloads. The French Ground Segment is compos#te of
control center, the French mission center and th¥ Band station network. Its functionality compsseele-
commanding, orbit and attitude processing, andntiomitoring of platform housekeeping telemetry. ik tele-
commands are up-linked via the S band ground statietwork provided by CNES; the network acquires th
housekeeping telemetry too. The science data imldaged via the X-Band ground station network potedi by
CNES. The data are processed by the CNES SWOTanissnter and delivered to JPL.
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Fig. 2. SWOT ground segment

SWOT started its life in a one-day cycle calibratarbit (857 km of altitude) for 6 months and hag moved to
a 21-days cycle orbit for the science phase (894 &hultitude). The first orbit (one day-cycle) wateresting for
calibration using in-situ data for some dedicatiéelss The cycle also allowed to observe some ghteehomena as
mesoscales (an intermediate scale between thoseeather systems and of microclimates, on whichsdaand
other phenomena occur) as their duration is ar®iddys. After six months of calibration, the maiterest of the
science mission is to have a global coverage oé#énth. The twenty-one-days cycle orbit is verylwdbhpted for that.
So one of the critical operations after the catibraphase consisted in moving the satellite frdsi 8 891 kms. It
has been performed during ten days of operatiorextanded hours organization including week-ends.

The paper is divided into 4 chronological partsstiit describes the tests phase preparationiégesivo qualify
the system and design the ops concept, then itigigs the LEOP joint operations by CNES and JPL10 days
followed by a 6 months of calibration and checkapgrations. The third part shows the nominal operatchronology
and describes especially how the time shift betw&rance and USA has been used to optimize the opesaduring
the week. And finally, it shows some data resulsciv makes us sense of this work.

2. Pre-Launch phase

The pre-launch phase is a very exiting phase whgirgect members work together with a common goaeal
prepared for the launch and make everything tataguccess.

In term of operations, our main objective is toduroe the entire operational documentation including of life
operation during this phase to be ready at theclauphis process implies to include the operatioeahn participation
very early during the project development. Thisamigation ensure to have constituency between nlesig ops
concept taking into account constraints coming fitbin platform design and others coming from opsaoization
(working during business hours, working days foareple). For decades, CNES ops concept is basedhuge
experience of automation. The command route froooirgal to the satellite through the CNES station netvis fully
automated. So based on that, it's very importatdke into account this way to perform operatiomsrdy the satellite
development phase dealing with command and costitmdystem design.

The picture below illustrates the process to bihitdloperational documentation using inputs frondissign phase:
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Fig. 2. Operational documentation production preces

As many projects in cooperation between severai@gs, a good coordination is the key of succespatticular,
the schedule must be well defined and shared bdiffexrent parts with transparency. Another keetsure design
stability is to define precisely the interfacesvibstn the different parts, giving the freedom focheto manage their
project internally and independently knowing thetucing interfaces number is a good goal for sdieegfutimization.

The CNES was responsible of the global system &edspacecraft design. We focus here on the French
contribution part to describe how we managed tistesy qualification.

First, we defined the qualification test process &ighlighted the major milestones. During this gathe
difficulty was to imagine a new way to validate thgstem knowing that we faced constantly schedubduéons.
Classically, we divide the schedule into differehorological parts. We know now that this way tarkvis not really
adapted in the current context when everythingdd® quickly adapted with moving needs.

So we choose to define the main milestones thdtldmaire-qualified many time during the project elepment
with a high level of formalism and quality managemé&o prepare these milestones, in parallel wamizgd different
workshops that were closely managed by the ope@tieam in cooperation with the system team. Thes&shops
were defined according to the global system sclesaiutl adapted every week taking into account s¢bedjustments
in real time. That method was a success becausg ek, we coordinated the activities to come kimgwthe
previous week’s activities status. The figure bellbustrates this method:
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Fig. 3. System qualification method

As we can see on the previous figure we have sikieids of milestones. We classically divided tlebexdule into
different parts to organize reviews between eaeh However, after the technical qualification reedis review, some
technical tests have been re-executed or adaptediar to ensure the quality of the system aftehaeew delivery
(could be linked to a ground or an on-board comptndhe Operational Qualification Readiness Revigal is to
ensure that the quality level of the entire systeenough and then, permits to the operational tisgnexecution of
several dress rehearsals in real conditions. Tlethad doesn’t avoid the possibility to perform grdwr on board
evolution continuously. There is a part of riskthis flexible method. That's why to reduce the rigke closely
managed each test according to each new delivdegtone.

We can also see in the figure that to prepare thi@ milestones, a huge work has been performedkéguting
tests validation in a workshop way with a lighterrhalism. The teams worked very closely (ops teground or
satellite experts) to ensure a high level of re@gtduring test execution.

Finally, this method imposes to have a very stratfiguration management cycle through a well-knawality
process by each member of the different teams. jiése was very intense but has been a real suftcdasinch
preparation.

3. Launch and very early operations phase

One of the important points for launch satelliteeigtions is to be ready on time and to be abledapiathe
chronology in case of launch delay. That was aedrig build a flexible process for operation pregian (including
the operations documentation). The SWOT launch theen delayed by one day and the new operationgeseq
was refreshed in one hour (checks included). Tdastivity has been ensured thanks to the high lelvalitomation
on ground control tools used for preparation aretation. It's the main driver of the control cendperational concept.
We will understand on the next part that the comifiaator for all phases is automation and reusabilit

All the teams were organized to ensure ten daypefations on a 24/7 basis. We used two separatedsrfor
these operations: one called Main control room tviias been used by CNES and NASA experts for chaedts
GO/NOGO (for critical operations when needed), another room (in a separate building) which isSHéOT control
center where the operational team sends the conmsraritle satellite. This organization ensures catchmaximum
concentration in the room.

The two rooms were connected via a voice loop. Reed and recorded telemetry were relayed fromcthrrol
center to the main control room and some cameras installed in the two rooms to be able to seéd etler and
know which is the adequate moment to contact acdéeli person between critical activities.

The voice loop was also connected to NASA JPL missenter in Pasadena for listening only to petingitremote
team in California to follow the operations. It weadisten only’ link in order to avoid any distwation in the loop as
we agreed to have all required NASA experts prasienthe main control room and authorized to speake voice
loop.
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Here after you can see a picture of the two rooms:

Fig. 4. Main control room used by CNES and JPL etspe
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Fig. 5. SWOT control center used by the CNES Opmratteam

Classically, LEOP operations duration for low eatiservation mission is around 2-3 days. HowewrsiVOT
mission, as we had critical operations consistinggiploying the payload antenna, the duration washrmore longer.
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After each step of deployment, the satellite réstaisafe mode sequence to ensure the sun poiiaagise, its inertia
changes after each step.

During the launch preparation phase, we had a stdumn our NASA partners to ensure a real timébilisy for
all critical operations. Actually, it is a globaquirement applicable to all NASA projects contagncritical steps.

On CNES side, we have a requirement which imposesckup pass for command upload. And if a go/nbap
to be done, it must be at the latest in the begmof the pass in order to ensure enough rematiirggbefore the end
of real-time link.

First of all, we identified which operations ardical. It consisted in the four main steps of feyload antenna
deployment as described in the figure below:

Mid-Hinge deployment
1a. Ground commands to Arm and Fire Pyros: spring damper (5D) passive motion up to the latch
1b. Ground team observes telemetry of SD motion {potentiometer), and end of journey Limit Switch.
1c. Ground command to turn motor on Forward to move the latch
1d. Ground team observes telemetry of motor current profile and limit switch indicating final latching
le. Ground command to turn motor off (not time critical, nominally by time-tagged command, over-
current FDIR)

Reflect-array wings deployment
3a. Ground commands to Arm and Fire pyros
3b. Ground team observes telemetry of first motion limit switches
3c. Ground command to turn motor on Forward to deploy wings
3d. Ground team observes telemetry of motor current and limit
switch indicating final latching

3e. Ground command to turn motor off (not time critical ,
nominally by time-tagged command, over-current FDIR, over-
temp FDIR)

Root-Hinge deployment
(same as Mid-Hinge.)

Fig. 6. Payload antenna deployment sequence

To be compliant with both CNES and NASA requiremeve agreed to use back to back passes (passearwith
overlap of visibility) in order to increase the tact duration by using three consecutive passes.ofity available
configuration to have three consecutive passesasaguence ‘Inuvik Canada, followed by Kiruna Svmealed finally
Toulouse France station’. This sequence ensuresrd@es of visibility which give the time to haveaigh time after
a GO/NO GO very early in the pass. These passesredcaround 01:00Z every day.

SpaceOps-2025, ID #335 Page 8 of 19



18" International Conference on Space Operations, MahtCanada, 26 - 30 May 2025.
Copyright ©2025 by CNES (French Space Agency) drai®f SpaceOps. All rights reserved.

Fig. 7. Sequence of 3 consecutive passes
However, this solution has a drawback. In ordenitigate a possible issue in one of the two firgeana, we were
obliged to set the time execution only startinthatthird pass as illustrated in the following figu

IMA1 TTG Exec + PM Reset ||

IVK
KRX
ASX

Fig. 8. Time-tagged execution sequence

The previous figure shows the on board sequente texecuted. Of course, to be executed, it mustiieady
uploaded before. To upload it we use two bookedgmm& nominal and a backup one).

SpaceOps-2025, ID #335 Page 9 of 19



18" International Conference on Space Operations, MahtCanada, 26 - 30 May 2025.
Copyright ©2025 by CNES (French Space Agency) drali®f SpaceOps. All rights reserved.

It is easy to understand that having the executioe starting at the third pass of the sequene®iptimal to
maximize the visibility! So we, had to implemendéraart mechanism consisting in sending a dedicateuand just
after the GO done by the expert to anticipate tteration of the on board sequence. This commandgasathe
execution date of each command using a negatiwestiift as follow:

IVK
KRX
ASX

Fig. 9. Negative time-shift of the execution seqeen

Another important point for these early operaticesvthe collision risk management. As the operatigugience
duration was longer than usual, the nominal marreaapacity was reached only after 9 days instead days
classically. During the deployment sequence (esdbne in a safe mode state), it was impossibé&nsure a possible
maneuver to mitigate a collision risk with a debKsowing that, it was not acceptable by the Fresghce traffic
management office to stay 10 days as a hon-manahlessatellite. So, we decided accordantly, toatedhe satellite
maneuverable from day #2 to day #3, then non-marable between day #3 and day #8 with a GO/NOG(kayt
to start the deployment sequence on day #2 depgdithe collision risk situation for the comingyda

Finally, no risk has been identified during SWOTQE and all operations have been performed sucdigssfu
according to the defined sequence.

4. From LEOP to nominal operations

When we speak about nominal operations, the fadirfg is to think about routine. Our experiencevet that for
space operations nominal operation is never routinieh is a good news actually!

As soon as LEOP operations were completed, we haeftiad of several months with exceptional operetio
However, we tried to implement the nominal timelasesoon as we can. The nominal timeline will sented later.

First, to start the mission, we need to switch-tmeeded instruments and calibrate them. Again,S&/OT
mission, a dedicated team of NASA experts cameattigipate to the operations. The main instrumestitKmust be
calibrated before using it in a nominal way andweing science data with the required level ofligya

Following the first step (switch-on instruments)e werformed a set of exceptional operations tandlig two
payload detectors.

We successfully performed all alignment operatidngng 14 days with a closed collaboration havingS%
experts presents in Toulouse. This organizatiopdutkels to save time for this critical operationeftis directly linked
to mission performances.

SpaceOps-2025, ID #335 Page 10 of 19



18" International Conference on Space Operations, MahtCanada, 26 - 30 May 2025.
Copyright ©2025 by CNES (French Space Agency) drali®f SpaceOps. All rights reserved.

In parallel, the spacecraft performed orbit acdqiwisimaneuvers. It consisted in performing a sehofements to
reach the calibration orbit. As described previgutthe SWOT mission uses two different orbits. Huor first six
months, the satellite was flying in a high repeétorbit near 857 km to allow a one-day cycle. Tdrisit has been
used to calibrate the instrument with in-situ datadedicated targets. As the other altimetry noissj we must have
a very precise orbit to ensure performances reauéings. The strategy to reach the one-day cyclé wds to perform
a set of six maneuvers as described in the follgvigure:

After MED1 /,/‘"il After MED2
"

\\sSION Orh D14 D18 > |

it needed = = |

W;\ecﬂon Oty
|
|
Injection [ — L fE————
position
Target
position
After ADD1 J

(v
T

Fig. 10. Orbit acquisition strategy

The previous picture shows the six different maeesito reach the targeted orbit. The two last meersuare
performed only for small corrections. The duratidrihese operations was 23 days. It has been pegfbon a 24/7
organization basis.

To save time, and to start acquiring science dataoan as possible, we switched ON in parallepailload
instruments and checked their good behavior. Binatlthe end of the maneuver operations peribgpagloads were
ON and started science data acquisition.

The SWOT mission requires on board parameters apdafery three weeks to ensure the required peafures.
In order to have margins and to simplify the timeB, we decided to design a concept of operatiasedion ‘update
slots’ every two weeks. Another input was to perfall operations during working days and busineag$ (French
time). On JPL side, the organization is similar, we must imagine a timeline which respects the twganization
constraints. We decided to use the timesheet betWealouse (France) and Pasadena (California) tonge the
operations and be able to reproduce the same sahematwo weeks. The following pictures illustrétiés timeline:
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Fig. 11. Typical week using time-shift between U8l &rance

During the first weeks and before switching ON thain payload instrument, all the passes were usedhieckout
and maneuvers activities. However, as soon as #iae Mayload (Karin) was switched ON, we had to rgadahe
other exceptional activities to be planned betwtbemominal slots in the weekly schedule.

On the nominal schedule, we agreed to have a yaiebconference called OCG meeting (Operationalr@ination
Group) once a week to give a status on the previpesations and define the upcoming activities.

The transition between checkout, maneuver and reln@otivities had to be daily adapted. To avoid any
misunderstanding, we organized a coordination mge&tvery day with all the teams (maneuver execyiitatrument

experts, operators and NASA partners). This perniad very rich in term of lessons learnt, team spind schedule
flexibility.

During these daily meetings, we presented a statysevious operations and agreed about the uptpagtivities.
In case of new procedures to upload to the spaiteame@agreed to take the required time for valmtausing a flight
simulator. This period was very intense as we loaaldan the satellite activities, validate the addptrocedure and
compute, perform and analyze the maneuvers inlg basis. The team was organized in an extendedshuasis
including week-ends. Knowing that the first sciedaéa were really amazing and we had a kind ofspresto optimize
the duration of checkout activities and start ttiersce mission as soon as possible.

Following this intensive period of checkout acliedt, we had to plan the nominal activities basedhenweekly
timeline as described in figure 11. The transitias checked manually in order to ensure the camsigtof activities
configuration.

As described in the introduction, the ops concgfbizised on a high level of automation by usingsrtdegenerate
the weekly planning. A rule could be very simple'a&s08:00Z connect to JPL server to send an iabe‘for more
complex like based on orbit events, taking intocact days off to automatically postpone some aatiwietc. The

picture below shows a set of rules used for SWOGdteNhat this concept is use for all in-flight éadbservation
science mission operated in CNES.
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v M8 80 mMC_INTERFACES Extraction de paramétres SOLAR-PANEL TM de J-1 a J : HKTM-PARAM
| 2 Bso0 70 WmMC_INTERFACES Envoi de paramétres TM SOLAR-PANEL de J-1 a J au CNESMC : HKTM-PARAM
v @80 80 mMC INTERFACES Envoi de paramétres TM SOLAR-PANEL de J-1 a J au JPLGDS : HKkTM-PARAM
v @80 90 mMC INTERFACES Envoi des interfaces au CNESMC : GONSTRAINTS, ECLIPSE, POST-PROG-EPHEM, HISTO_OEF. MAN_COM_MASS

Fig. 12. Set of rules used to generate the wegdyations schedule

Atool called automation computes all the rulegeaerate a planning which is executed in real tithés planning
contains all automated activities which must befqrered in the control center. These activities dobé a pass
management (antenna connection, sending commanitie tepacecraft and receiving the real time telgmeor
downloading the recorded telemetry from the eaetiminal, sending data to JPL, activating the fligighamic
software to compute a maneuver and many other detedis to operate a mission. Here after, a pictfirdhe
generated schedule:
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Tusecay, My 30, 2023

Fig. 13. Automated activities schedule

This automated schedule is generated every Monutag fveek and can be adapted following the cootidina
meeting. Some extra activities could be added éded. Our objective is to optimize the chronolagyd to secure
the operations by using an automated process.cbmisept is also compatible with flexibility! Evehthe rules are
quite stable, we can also adapt the schedule bpgadd modifying some activities if needed. We defi the concept
of pass type to assign a kind of activity for agpashe default value of a pass is defined by rules

For example, if we want to send a procedure Pec#tellite on the first business hours pass onddgnwve assign
a dedicated value to the variable which manage#ss activity (add the value ‘P’ to PASS_TYPE Jalgy Then,
we execute again the rules computation and thenplgrwill be updated by adding the procedure Rtferfirst pass

on next Monday.

The figure here after shows a set of extra actigitvhich could be added to the schedule. Theslisbmfigurable:
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Generate SOO v Tue 23 Apr 2024, 02:13:24

Recette & composer ~ Tue 23 Apr 2024, 10:17:45
Session:ope_swot
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Fig. 14. Extra-activities to plan for a pass

This function allows us a high level of flexibilityhich is very appreciated by our JPL partnersyTdwld ask us
to add a specific payload operation and it coulihseantaneously inserted to the nominal schedule.

During the calibration phase, we optimized this kiy&meline based on the lessons learnt.

At the end of the calibration phase, we had a kegtgo decide the beginning of the ‘science’ phdsestart this
phase, we must perform some maneuvers in ordactease the altitude from 857 to 891 km as destipbeviously.
Calibration data acquisition has been stopped dutia orbit change operation phase.

To reduce the mission interruption, we optimized thaneuver strategy and it consisted in perfornfimg
maneuvers every two working days. The whole dunatias ten days. So since the twenty first of JOI®® SWOT
is flying in its science orbit delivering amazingtd and the results far exceeded scientist’s eapent

The current status of the satellite is excellerspite some ground issues (fire on Inuvik statiorsemmer 2023,
South Africa internet link issue on 2024) and #f#l a real pleasure and source of pride to ogettsis mission for all
CNES and JPL teams.

5. Collision risk management

As mentioned on section 4, to ensure SWOT misséguuirement, we need to update a table containingeso
parameters every three weeks. Actually, this remoént is linked to the constituency between thet @ihd the
parameter we upload. After three weeks, and dteetorbit drift (in term of altitude) we must resteon board those
parameters. Three weeks corresponds to 100 meteltitiide. We can easily understand that eachwmperform a
maneuver; we need also to refresh this set of petiexsion board to be consistent with the new ofthits operation
is integrated into routine operations and optimitaking into account the time shift between Fraaod US as
described previously. However, when we have to maracollision risk, this operation has also talded into the
risk mitigation maneuver process. Before launchgdeeided only to perform back and forward maneuverder to
avoid this extra-operations consisting in settingses parameters and improving mission interruptimwever, as
soon as we performed the first collision risk matign maneuver, we observed that some onboard ptessrhad to
be quasi-systematically performed. So we adaptedrtieline and defined two different cases:

« Acaollision risk far from the next table update édio table ageing or station keeping maneuver)nThe
maneuver to perform is a back and forward maneuver.

« Acaollision risk that occur on the same week ofanped station keeping maneuver or a tables up@atn
the maneuver to perform is combined with the upcgnsitation keeping maneuver.

SpaceOps-2025, ID #335 Page 15 of 19



18" International Conference on Space Operations, MahtCanada, 26 - 30 May 2025.
Copyright ©2025 by CNES (French Space Agency) drati®f SpaceOps. All rights reserved.

These two cases implied to define a dedicated iti@ébr the on call team. As the table of paranseteust be
computed using the “refreshed” orbit, we need talgbe orbit maneuver computation to JPL in ordallow them
generating the new table based on the future drbé.following picture shows the chronology of thgerations:

Maneuver
JPL prepares tables based on refreshed ephemeris sent by CNES execution
Table update
needed ? (S S
T o
5 g
_ = ]
T °
& @
Around 3 hours
Around 6 hours
FDS team send Exc;‘epI:ionaI OC(; New table TCA-2
ephemeris file Uplink pass -1 Reception from JPL hours
containing the

collision risk
mitigation maneuver

TCA

(Time of Closest

Approach)

The flight dynamics teams created a tool to hedpdps by knowing the need of refreshing the dapeeidding on

the amplitude of maneuver and time between thebwvos (for a back and forward maneuver) as follow :

Abaque delta SMA (abscissia) - number Orbit after thrust (ordinate)

URHERE is needed
URHERE is needed

No need of
URHERE

-130 -120 -110 -100 -90 -80 -70 -60 -50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120 130
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6. Some science data results

Even if it is not a scientific article, | thoughmtéresting to share some first results. ThankdNBEteam, we could
have some picture to feel the amazing capabilithefSWOT mission.

The following picture shows how using SWOT datacan multiply by ten the resolution compared tassembly
of seven satellites. This first picture is a comaipin of data provided by seven altimetry missibime result is already
impressive and delivered a lot of information abibat see surface temperature anomaly.

BV
Copernicun Marine
Servae

,\.As.'
I e svserrenty
boen T ctive nadis

Mtemeter misnom

Fig. 15. 1D altimetry (7 satellites)

CNES teams wanted to use this image to compare SVé&Xits with their current knowledge. What was the
surprise when the first SWOT data of the same laasdeen computed! On the next figure, we canyeasderstand
the power of SWOT in term of resolution but alséerm of coverage. After 21 days, the coveragem@ai® than 90%
of the earth and in a better resolution than preslid It has never been covered by all other missiove operated
before. This resolution permitted to improve sigrntly our knowledge in water cycle and climatarge.
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Finally, and to summarize what we observed witHitiseresult, we can easily understand that thec3Véxceeded
its objectives in term of resolution compared tguieement defined before launch as we can seésrttimparison of

SWOT data with an optical image of Toulouse city:
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KaRIn HR data here
resolve water bodies
down to10-20m width

Optical image for re"ference

SWOT science requirement is to monitor rivers larger than100m (goal 50m) and lakes larger than 250x250m?2 (goal 100x100m?)

Fig. 17. SWOT compared to an optical image

7. Conclusions

As a conclusion, everyone who involved on SWOT kitlest mission objectives were challenging. The dale
was very intense and has been adapted regulabyding to all actors’ constraints. The Covid wastaer point
which implied a high level of flexibility. Thanke tautomation and flexibility, operations were segu@wasy to
manage and gave a lot of lessons learnt appliethéofollowed CNES.
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