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Venus (Vegetation and Environment on a New p-Satdkt) is a joined ISRAELI —
FRENCH micro-satellite, dedicated to a scientific ad technological combined mission.
Launched in 2017, August 2, the in orbit commissioning period has been a chiahging
multi-phased period from an image quality point ofview. After a description of the whole
Venus system and mission, this paper details theffiirent phases experienced during this
in orbit test period, highlights the organization tetween CNES and IAl, and gives an
overview of the different radiometric and geometricactivities carried out to calibrate the
onboard camera, and assess its in-orbit performanse
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[@) = Image Quality

ISA = lIsraeli Space Agency

ISI = ImageSat International

JOPS = Joint OPerationS meeting

KRN = KiRuNa (station)

MBT = Israeli Aerospace Industries space division

NIR = Near Infra-Red

RAFAEL = Rafael advanced defense systems Ltd.

SAG = Structure d’Accueil Générique

SCC = Satellite Control center

SMIGS = Scientific Mission Image Ground Segment

T™MC = Technological Mission Center

Venus = Vegetation and Environment on a New Micro Sid¢el

VIP = Venus Image Production

VIQ = Venus Image Quality

VM = Venus Mission

VRK = Venus Receiving Kit

VRS = Venpus Receiving System

VSSC = Venus SuperSpectral Camera
Introduction

Venus (Vegetation and Environment on a New pSagilt an Earth observation satellite jointly deyeld in

cooperation between CNES (French space agency)l®Ad(lsraeli Space Agency). The program was

developed by CNES, IAI (Israeli Aerospace Indusagji RAFAEL. Launched on August, 2017¢ 2this satellite
is dedicated to vegetation and land surface stydjesvith a unique combination of two main chamtics: the
capability to acquire multi-spectral images at hggfatial resolution, with constant scan angles avsignificant
amount of sites of interest all around the worltd] aith a high repetivity (2 day cycle). The scaf¢his paper is to
accurately describe the in orbit test (I0T) phdsent launch till the beginning of a routine-likerjm) from the
image quality standpoint. After a detailed presgoaof the Venus scientific and technological nass, and the
breakdown of the image ground segment, the maasgsh driven during the 8 first months of Venus Wwél
detailed, in terms of activity, organization andnping. Eventually, this paper focuses on the lessearnt from
Venpus IOT.

Venpus Missions

In terms of operational concepts, two missionst{eae driven by a specific payload) coexist on dpduring
the 4 years (nominal duration after the 10T) of gh@bal mission.

A. Scientific mission: Earth
observation

Venus scientific mission [2] /] ' I\ —
is  dedicated to  Earth / ‘ il (] —H
observation. The onboard VSS( Venys | | —
payload is a superspectre |' ‘ . —
camera specified by CNES an
manufactured by ELOP }
(subsidiary of Elbit systems, Ll | \ 1 oy
|Srae|). 350 400 450 500 550 600 650 700 750 800 850 400 950 o

In terms of spectral _ _
resolution, this sensor s Figure 1: Venps VSSC spectral bands (wavelengths mm)
composed of 12 spectral bands
(Fig.1) in visible and NIR spectrum (420 to 910nagsigned to study vegetation, atmospheric charaat®n and
water color. Actually, 11 bands are featured, idioig the 620 nm band which is duplicated (B5 anjyl B6

Venus combines high resolution and high revisiis limportant to emphasize that the Venus orbgraund
phased with 2 days revisit time (the ground tragmeats every 2 days). Indeed, on a near polarygwhnous
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orbit (altitude 720km), images are acquired
with a 2 day orbital cycle, at NADIR and out
of NADIR (due to the satellite agility), and on
ground resulting products are generated with
resolution varying from 5.3m to 10m
(depending on the level of processing). The
number of revolutions per cycle (29), together
with the limitation of the across track angle at
30° lead to a particularity of the mission: only
a part of the globe is accessible to the camera
(Fig.2).

The consequence of these particularities is

that the mission is focused on a limited list of

Figure 2: Venps' orpits

geographical sites (Fig.3), systematically
scanned with constant viewing angles. This is § waportant specificity of the project. Indeed, enis dealing
with a list of determined geographical sites (liseis named ASD in this article, Acquisition Segfihition). This
list contains a set of calibration sites and sdiensites, in different proportions according teet project phase

3 . (test/calibration phase, routine phase).
The way the sites are taken into account
in image ground segment depends on
the type of the site (calibration or
scientific). The global list of the sites
(and their purposes) has evolved for
some reasons since the launch and has
given birth to various ASDs
programmed throughout the
commissioning phase. At the beginning
of 10T, these different ASDs have
enabled the qualification of the camera.
The ASD currently operational contains
the sites of nominal scientific mission:
around 150 elementary acquisitions
. (27km?),  distributed over 110
lqure 3: Venus sites geographical sites of interest (chosen
after a scientific call for proposals). All thesspacts (the evolution of the ASD, the different gd®a of the
programming) are described more accurately later.

The image products level considered in the growginent are:

- Inventory and Level O products: raw products (ofudl data strip or extracted over a given site) and
additional auxiliary data with no radiometric orogeetric correction (5m resolution)

- Level 1A: internal CNES image segment format: patduth radiometric equalization applied on Level O

- Level 1: geolocated ortho-rectified products witbptof atmosphere reflectance (5.3m resolution,
multispectral registration, clouds identification)

- Level 2: ortho image with ground reflectance takiinigp account atmospheric correction (using onlyjye
data) (10m resolution, improvement of cloud andidshadetection)

- Level 3: ortho image synthesis with ground reflace 10 day compagsi
cloud-free product (10m resolution)

B. Technological mission: electric propulsion

Based on an IHET (Israeli Hall Effect Thruster .Bjgpayload, the goals
of the technological mission are to qualify in spdkis type of engine, an(
demonstrate the mission enhancement possibilitigst(maintenance, orbi
transfer, drag compensation).

This mission is managed almost entirely by IAl &AFAEL, and has ng
link with image quality. This explains that thispto is hardly addressed iffFig *
this paper. The only events that will be emphasi&edisome consequence 300 model (image credit: Rafae|)
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experienced after IHET activation on Venpus orbil,azonsequently, on images.

C. Missions schedule

In terms of schedule, three main phases can beasizgell in the 4 years mission life, after the 10T:

- First period of 2.5years (VM1 period): Scientifib§®rvation mission and Technological IHET missidth w
be alternatively activated. The main mission wal the scientific one. During dedicated short pesjdte
IHET technological mission will be activated (2 4rdays each month, named VM1laT period, and one
month in each year, named VM1b period).

- Then, a 6 month period (VM2 period): thanks to IHBGtivation, orbit will decay during 6 months,
enabling Venps to reach a 410km orbit.

- Finally, a 1 year period (VM3 period): Venus missisill ends by 1 year of technological mission IHE®
maintain the orbit and compensate drag), with imaggiisition as secondary mission.

2,5years
Scientific mission (720 km)
@ rsnsp @ D
with dedicated IHET periods
1 6 months
Orbit change by
Launch & means of THET
commissioning < >
phase
1 year

Technological mission (410 km)
Scientific mission secondary

Figure 5: Venus mission schedule

Figure5 illustrates this planning. The current cetiis focusing on the beginning of the satellife land
emphasizes the challenging schedule of this péit,avsequence of planned and unplanned activities.

D. Components of the Venus system
The major components of the Venus System are:
In space:
- The Venus Satellite (Fig.6), injected into a lo
Earth polar sun synchronous orbit at the altitu
of 720 kilometers. The Venus Satellite i
composed of:

0 The Venus platform, based on the IA
IMPS (Improved Multi Mission Satellite)
platform

o The Venps Super Spectral Came
(VSSC)

0 The Israeli Hall Effect Thrusters (IHET)

Figure 6. Venps platiorm, Credits CNES/IAI
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Figure 7. Venps sysiem and Interfaces

On ground (Fig.7) :
- The Venus Ground Segment (GCS) for Command andr@pat IAI/MBT premises close to Tel-Aviv, in
Israel. It is in charge of operating, controllingdamonitoring the satellite. It is composed of:

0 An S band earth terminal
0 A Tracking & Communication Center (TCC)
0 A Satellite Control Center (SCC)

- An X-Band Earth terminal (located in Kiruna) whiobceives image raw data and auxiliary data from the
satellite. This station embeds in particular themamed VRK, in charge of the interface betweenSNBGS
and the antenna system.
- The Venpus Scientific Mission Image Ground Segm&MIGS), at CNES, in charge of programming the
scientific acquisitions and processing the datanfiaw telemetry up to Level 3 image, archiving and
dispatching the Venpus scientific and associated ttathe end users. It is also in charge of imagmity
related activities.
- The Technological Mission Ground Center (TMC), techin Israel, which is in charge of planning the
Technological Mission, analyzing and archiving Yfenus technological payload (IHET) data.
- The launch vehicle, in charge of injecting the Vemgatellite into its low Earth polar orbit, withexgfied
orbital and attitude parameters accuracy.
As this article is mainly concentrated on imageliggpiand related activities, it addresses almostesively the
activities and exchanges within the SMIGS (descripeecisely below) and between VRK, SMIGS and GE§.(
7) (in a more minor way with TMC).

Another component deserves to be highlighted (ef¥enternal in SMIGS architecture): the HUB. This
component is an FTP exchange server in CNES premised by TMC, GCS, VIP, VIQ and VRK to communécat
and exchange data.

Scientific Mission Image Ground Segment
A. Image Ground Segment features

The main features of the Scientific Mission Image@d Segment (SMIGS & X-Band station) are
- toinventory the raw image telemetry received fithim Venps satellite through X-Band station
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- to generate products on the acquired sites, wighfdhowing frequency specificities based on theetyf
the site:

o Calibration sites: for these sites, the produatsganerated by the VIP “on demand” initiated by
VIQ. Level 0 (LO), Level 1A (L1A) or Level 1 (L1)mpducts are thus produced and provided to
VIQ for expertise

o Scientific sites: for these sites, there is an matiic production of the Level 1 (L1) products.
(ortho-rectified - top of atmosphere multispecirabges) and of the “value-added” products
(L2 - top of canopy - and L3 - temporal synthegededicated to the international scientific
community

- to guarantee an optimal image quality level of fimal products, compliant with the scientists
requirements

For this last point, in the specific frame of ther\is mission, the multi-temporal and multi-speategistration
performances are fundamental criteria to be resgedr the scientists. To reach these performaribhesieference
data is a key-notion in the image ground segmexiedd, within the SMIGS, for each geographical, sitpool of
reference data (reference image, reference DEMLé&wel 1 and Level 2 products) is needed, for whikch
consistency with regular acquisitions is monitockding the whole mission life. This aspect is idwoed more
precisely in the image quality loop further desedhn this paper.

B. Image Ground Segment Breakdown
The Venus Image Ground Segment consists of thewolg set of main functional units (Fig.7):
- Located in Kiruna (Sweden )

o0 The Venus Receiving Station unit (VRS) which rezdizall real time operations for tracking,
receiving and ingesting the Venus satellite imagenetry. The VRS is composed of 2 main
systems: the Antenna and Trackiggbsystem (ATS) which is under the responsibility of
Swedish Space Corporation (SSC) and the “VenusifegeKit (VRK)" subsystem, which is
under the responsibility of CNES. This latter isfpeming a baseband function (to demodulate
the IF coming from the antenna, and to modulatestaigignal), an ingestion function (recording
data on a numerical support) and a monitoring aadtrol function (handling pass plans,
recording demodulation and ingestion parametensgdisg commands to equipment and pass
follow-up)

- Located in CNES premises in Toulouse (France)

o The Venus Image Production unit (VIP), part of SMIGwhich performs pre-processing,
inventory, Level 1 to Level 3 products generatiwiitlf light quality control), data archiving and
cataloguing, and generates programming and downkgkiests to the Israeli control ground
segment,

o The Venus Image Quality unit (VIQ), part of SMIG8hich monitors accurately the imaging
system performances, generates calibration anderefe data by processing of image quality
products and monitoring data, and generates theif@rdmage Processing Parameters (GIPP)
used by the VIP.

C. Image Ground Segment Main Activities
From the SMIGS (image ground segment) point of yi@@me communication loops are critical. They are
introduced in this section.

1. Programming loop
The goal of this loop is to select and program abquisitions for each cycle (Fig. 8). It mainly deaith
interfaces and exchanges between VRK, SMIGS/VIPGGS.

Two main steps are identified in this loop:

- the definition of the set of acquisitions (step where SMIGS and GCS agree on the feasibility séteof
acquisitions

- and the eventual operational programing (step Bjer& VRK,SMIGS and GCS interface to plan and
download the data relative to the acquisitions.
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Figure 8:Venus Image ground segment: programming lop
These two different set of operations are detdikeldw.

- Definition of the whole set of acquisitions (Figdp A):

0 Usually, the acquisition sets are predefined infftine loop. The VIP submits (Fig.8-point a)
AcquisitionSetDefinition (ASD) to the GCS in ordercheck its feasibility. This ASD contains
calibration and scientific acquisitions. It hadwemphasized that some acquisitions are not
needed at each cycle (some special calibratiorranoigg are done once a month for example,
and not every 2 days).

0 The GCS checks the feasibility of the set in inping tool on a nominal, pre-defined Venus
orbit, and acknowledges to this request througAaquisitionSetFeasibilityReport (Fig.8- point
b). In case of failure, the VIP should correct Aogjuisition Set according to the feasibility report
and reiterate the request until the acquisitiorissigasible.

- Programming of the acquisition set (Fig.8- loop: B)

o0 A pre-approved acquisition set (a cycle of acquisg and download directives) is activated by
SMIGS as needed through a so-named Acquisition ek, sent to GCS by SMIGS (Fig.8-
pointl). On CNES side, an AcquisitionSetRequeat‘i®ng-term” requirement. Using the 2-day
revisit advantage of the locked-orbit, it is notessary to send an AcquisitionSetRequet every 48
hours. Indeed, the rule is that an AcquisitionSgtRst is valid till a new AcquisitionSetRequest
is sent (at an extreme point, the nominal AcquisflietRequest can last 2.5 years!).

0 On GCS side, on the opposite, 3 times a week, GID8rgtes a new satellite command file, based
on current predicted orbital data (Fig.8-point2)d aiploads it to the satellite through the S-Band
communication link.

o Afterthat, GCS sends to the VIP the correspondinguisitionSetReport (Fig.8-point3) and
DownlinkPlan (Fig.8-point4), which are forwardedttne SMIGS to the VRS.

0 The satellite carries out image acquisitions angirdimks according to the telecommand file
uploaded. During each downlink, the VRS receivesdbrresponding PayloadTelemetry (Fig.8-
point5) through the X-Band communication link.Heh ingests the PayloadTelemetry in order to
collect the ImageSourceRawData and the AuxiliarySelRawData, which are transmitted to the
VIP (Fig.8- point6). The AuxiliarySourceRawDatgpivided by network and is made accessible
to the VIP, the TMC and the GCS (Fig.7 and Fig.8).

Concerning the data transfer, ImageSourceRawDataramsmitted to the VIP by postmail and networkhat
beginning of the in orbit test period. After a femonths, all the ImageSourceRawData have been &naedf by
network, thanks to the establishment of a dediclatéd

A peculiar point must be highlighted due to therelteristics of the nominal working periods on CNé&tfsl |Al
side. As shown in Fig.9, Friday and Saturday af@wofisraeli side, and Saturday and Sunday areroffrench side.
The consequence is that there are 4 days per wéek joint working. Moreover, for satellite opéians, on the 3
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Figure 9: typical weekly planning of programming laops

telecommand sessions planned every week, one pd&es Sunday. This means that, on CNES side, espgial
need related to the scientific mission should bedhed on Monday (for Tuesday programming) or Wedaggfor

Thursday and Sunday programming).

2. Technological loop

This loop (Fig.10) involves the
TMC (Technological Mission ground
Center), the VIP and the VRS/VRK.
A first coordination (Fig.10-pointl) is
established between TMC and VIP ¢
the periods when IHET is activatec
Once planned, technological reque
(Fig.10-point2) is sent to SCC, Thi
corresponding DownlinkPlan (Fig.10
point3) is provided through the HUE
to SMIGS, to be forwarded to the
VRS/VRK. Once the command file
(Fig.10-point4) is uploaded and th
IHET activated, the telemetry (Fig.10
point5) is downloaded ana
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Figure 10: Venus technological loop

AuxiliarySourceRawData (Fig.10-point6) is providedTMC through the HUB. In such a loop, the roleSdflIGS

is mainly devoted to data transfer.
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3. Image Quality loop

This internal SMIGS communication loop
(Fig.11), between VIQ and VIP, is used to
monitor and maintain Venus image quality
(performances assessment, elaboration of
reference and calibration data...). It is the
result of a continuous improvement of image
quality, but can also be activated every time
performances need to be checked.

- Usually, the VIQ operating team asks
for specific requests to the VIP (Fig.11-
pointl). These commands concern calibration
sites (to assess radiometric or geometric
performances) or scientific sites (to check
multi-temporal and multi-spectral registration
performances).

- Afterthat, the VIP generates (Fig.11-
point2) the corresponding products and sends
them to the VIQ (Fig.11-point3). In parallel,
the VIP processes automatically the nominal
data flow of scientific sites, up to Level 1.
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This activity generates automatic monitoring infation (cloud coverage evaluation, correlation rssul
between reference image and acquisition...), alseiged to VIQ (Fig.11-point4).

All these different sources and types of informatéwe processed within the VIQ (Fig.11-point5) ey

to maintain an optimal image quality for the deted products. For this purpose, the VIQ checks and
monitors radiometric and geometric performancesd@mand or at a frequency decided by experts).
Typical examples of these performances are theiteuttporal and multi-spectral registration of Venus
products. For these crucial performances, the Beéerdata is a key notion to guarantee a consisteitic
specifications. Every geographical site has its goal of reference data (composed of a referenegémn

and reference DEM for Level 1 and Level 2 products) some cases, inconsistencies are expected
between these reference data and current acqosifidue to seasonal landscape evolution or human
activities). This phenomenon can trigger drifts performances, which must be corrected. As a
consequence, in these specific cases, the VIQ dlymrierate new Reference data, and provides them to
VIP (Fig.11-point6).

For other types of image quality performances (nawditric noise related to equalization, localization
performances...), some anomalies can be detectedigiryIQ monitoring activities. Thanks to the
calibration data processing, the Ground Image Rsing Parameters (so called GIPP) are updated and
provided to VIP (Fig.11-point7), in order to maimaptimal image quality.

This major image quality loop is completed by samieor internal test loops, specifically devotedtementary
tests. One typical example concerns the iteragigtstof GIPP validation. Indeed, GIPP can be testedigh single
tests (without being operationally used in nomishala flow production by VIP). For this purpose, YH€ can ask
the VIP to generate a product, using as parameétsts the operational GIPP identified in its databasd some
specific GIPP chosen by the VIQ. The resulting ismpgoducts are then analyzed by the VIQ to tungtrameters
in the GIPP.

D. Image activities: human organization
1. Human resources
In terms of human organization, the following teaans involved in image quality activities duringTO

Head of project position, both on CNES and IAl sitlecharge of global coordination of activitiesinhan
resources involvement and purchases/expenses

System engineer position, both on CNES and IAl silleharge of the system design and of the aceurat
coordination of activities

SMIGS exploitation teams : responsible for the im@goduction operations on VIP side and for image
quality monitoring operations on VIQ side (specid@mmands, routine image quality activities, suppmr
experts)

Image quality expertise teams : in charge of theuwte analysis of radiometric and geometric
performances and for the elaboration of monitopngcedures to be executed in routine

There is a close communication between exploitadiath expertise team . Based on procedures budikpgrts,
VIP and VIQ operators generate products and mateyrivediate data. A first level of analysis is elabed on VIQ
side and information is regularly provided to tixperts. Therefore, these latter can easily deditteeiglobal image
quality level is acceptable, or if new parametéisudd be delivered to on ground systems.

[ Monday

) a

Saturday I Sunday ]

Tuesday IWednesdayI Thursday I Friday

J

Figure 12: Venus meetings organization
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This coordination was possible thanks to a stridES internal meetings organization illustrated vith.12 and
introduced hereafter. During Venus IOT, the follogimeetings were driven each week to coordinaterrat
activities, with a potential feedback to IAI.

2. Coordination meetings: Joint OPerationS meetingR3p

During this meeting, the people in charge of eactivity (radiometry, geometry, head of project, teys
engineering, VIP and VIQ) exchange with 1Al (GCSeattially), during teleconferences, in order taeemvthe past
and upcoming operations in relation with onboardifications or GCS/CNES coordination. The conclasiand
rising points are given to the whole Venus teaninduthe synthesis meeting.

3. Image quality Expertise meetings: Groups of Explnt$reparation of Operations (GEPO)

These internal CNES meetings, are specifically cieéd to geometric and radiometric topics. Expdeals
accurately with the calibration of image qualityrgraeters, assessed performances, their consisteitby
specifications, and try to find solutions if anorealare identified. They exchange on special naadgsise the main
points during the synthesis meeting.

4. SMIGS Operations meetings: GEPO for VIQ and VIP

During these internal CNES meetings, the VIP an@ Vdperation teams review the activities around ienag
operations. The main topics addressed during thmesdings are the status of programming and reaepfiomages
(completeness, quality, Kiruna passes, ...), the ggioa of the different levels of products, theede of hardware
or software updates, the schedules of possiblecepsing, and study the experts specific demansiedraluring
synthesis meetings. The global status of SMIGSr@mn activities, software and hardware issues statlis) is
given to the whole Venpus team during the synthemeting. All the topics addressed during these imgetare
articulated around image quality monitoring.

5. Synthesis meeting:

The teams involved in image quality in orbit testipd gather in these internal CNES meetings to spnthe
situation, and to point out the main topics andess

IV. Venus IOT period: phases and schedule

After having introduced the global context of Venjusm an image quality point of view (mission, ingag
ground segment, interfaces, main activities andmanication loops, specificity of the 2-day cycleganization),
this section deals with how these activities hagerbcarried out during the first 8 months of Vemission life. As
it will be developed in this part of this artice challenging multi-phased organization has bedhtbuachieve this
complex period. After an introduction of the di#et phases of this period, the main events an@ésssandled are
described.

A. A multi-phased project

During the Venus commissioning phase, various gerican be distinguished. Fig.13 illustrates theferdnt

phases. As shown in this figure, this global 8-rhgmetriod could be split in various phases:

- the classical BOL (Beginning Of Life) period,

- along period alternating scientific and technatagiimission (in various durations), associated VW@ CS
on board analysis (linked to an issue in AOCS ayrdetailed further in this paper). This perias be
divided in 4 phases (depending on the inclusiofH&T periods or not)

- a pseudo-routine phase (VM1) which closes the desansidered in this paper. This last phase coatd n
be completely named “routine” since it was stib@dated with the same AOCS accuracy issue (tims ti
considered in a ground workaround frame).

All these phases, including the periods with nogmg@rogramming, are explained in this section. fan
image quality events occurred during these phasgda their part, detailed in dedicated paragsafointher in this
paper.
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Figure 13: Venys In orbit Test Period: different phases (August 201/, March 2018)

1. Phase A: Beginning of life (BOL)

In august 2017, just after the launch, the satellias not phased and many activities were carmednanually.
A dedicated paragraph details this BOL month, carinlgiimaging and IHET.

2. Phase B: Phased images and AOCS campaigns: théQinesults

Once the satellite phased, the nominal cyclesestai$eptember,*1corresponds to the beginning of cyclel)
during September and the first phased images wereepsed in SMIGS system. During this one-monthsgha
radiometric and geometric performances were asdegsmlving the image quality loop between VIQ avitP.
Numerous specific calibration sites (precious sididéerent from the calibration sites acquired outine) were
acquired in this beginning of IOT, in order to ddicaccumulate image quality measurements. The iingge
quality results showed then unexpected issues omggic performances (multi-spectral and multi-tengb
registration performances). The analysis rapidiiytte the identification of the cause: the knowledf¢he attitude
was not accurate enough to meet the image requitsm€he consequence was the setting-up of va#@ES
campaigns on board which began during this Septembath. This topic (which covers all the 10T) aiscurately
detailed in a specific paragraph, later in thisgrap

3. Phase C: Cohabitation of IHET cycles, imaging cga@ad AOCS campaigns

After discovering this AOCS issue, a new phase bégactober, mixing various activities. Duringgtperiod,
which duration was close to 1 month, some trickyanization was experienced to be able to carrylET cycles,
imaging cycles, and also, in parallel, on board ifications to handle the AOCS issue. In such situes, GCS,
TMC, VRK and SMIGS communicated to handle all tla¢adoops detailed previously in this article. \das data
exchange loops were carried out to execute bothnt#ogical and scientific missions: technologicabps for
IHET, programming loops to get the appropriate &itjans, and image quality loops to process aralyae them.
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During this complex phase, mixing IHET cycles, inmggcycles and also AOCS parametrizations, thdsfirs
active tests of IHET were carried on, which trigeggesome side effects on scientific mission. Inde¢dhe end of
some cycles, when the scientific mission was stgrigain, some images were lost because the dosdmngpa
commands were based on orbital data that did et itto the account the IHET firing. At the endayfkle 27,
another consequence was experienced. Indeed,satirtté, the orbit after the IHET cycle was some #@&ters
higher than the nominal one, and the satellitetsatk left its maintenance window (which is defireesia 25 kms
wide corridor centered on a nominal subtrack). Tdisbal configuration, for which the orbit was remymore
considered as “ground locked”, triggered a failurenoon acquisitions (because of sun telescopeionigsiles
violation), an additional orbit correction, and assh all the acquisitions of cycle28 useless becadsgatation
inconsistencies. All these different events weredistd and taken into account by GCS for the foltayvi
technological mission activations.

4. Phase D: Imaging cycles and AOCS campaigns

After the previous complex phase, a new period authiIHET activity took place in Venus IOT, between
November up to mid-December. This phase was thasime to focus both on image quality monitoring &@ICS
campaigns. IAl and CNES teams decided to test thelevsystem behavior and robustness (batteriegetand
discharges, camera, Kiruna downloads, image greegdent loops of production and analysis...) witlo@ine-
like ASD (which should be experienced during 2.argg. In parallel of this programming, AOCS campaigvere
carried on since the last assessments of georpetrfiarmances were still not compliant with missiequirements.

5. Phase E: VM1b mission: IHET cycles only

During VM1b period, the Venus mission was entitelghnological and dedicated to IHET tests.

No acquisition was programmed by SMIGS, which mels to monitor the Kiruna downloads and provideadat
to TMC. From an image quality point of view, coresichg the geometric performances, the conclusiah@fAOCS
campaigns carried out was that the AOCS issue ndulte corrected only by on board modifications. As
consequence, a two day meeting was held betweéMBAl and CNES, in order to review entirely this impand to
discuss upon on-ground workarounds. Indeed, thewsonboard tuning of AOCS parameters showed timeits.
Global image quality performances have certainlgrb@nproved but still were not compliant with sdiga
requirements. An on ground solution had to be dgpex.

6. Phase F: Imaging cycles and on board / on groundC8Quning, VM1 beginning

This last phase (we only consider the 8 monthe'otig Venps launch) was devoted to the on groutidhdé
workaround, which also involved on board modifioas. Indeed, a new packet of on board attitude kiasabeen
defined by CNES and IAl, and rapidly updated onrbo&dditionally, a lot of work was done to conceitiow
these new attitude data should be processed ondtoumprove the image quality performances.

After the new attitude data first downloading (20I@nuary, 28), geometric performances were still not
compliant with requirements. Nevertheless, takingp iaccount that these data could be stored ancegsoby
SMIGS after the attitude workaround operational ESNand |Al considered that this step marked thénmétg of
the routine phase named VM1. Of course, this assompvas based on the hypothesis that future gewmet
performances would be consistent with the requirgme

Actually, this phase was not a routine at all... Aetend of this period, many disturbances have been
experienced both on the platform and on the graystem. A first collision avoidance manoeuver wasied out,
which triggered a maintenance mode (meaning thiensfic mission stopped). This was followed by sirgle
event upset” on the mass memory which made thdaaniss stop again (new maintenance mode periodgrAfiat,
on SMIGS side, the HUB experienced an interrupfion some days, with again a loss of data (sincethal
downlink commands were transmitted through the HUR)these events explained the lack of acquisgiduring
this phase.

It has to be noticed that, during this period, fir& “VM1lat” activation occurred (short IHET acttion once a
month).

B. Beginning of Life (BOL)

During the first month of Venus mission, in Aug@stl7, the satellite was not phased on a 2 day cgslé was
not on its final orbit. Two main periods were expaced, described below.

1. 10T platform

During the 15 first days after launch, all the wtitts were in priority focused on the platform idattion. This
IOT platform was fully under Israel responsibilif)Al platform). Information was thus communicateal CNES
(global schedule, main results) in order to preplaeefollowing period, dealing with image and IHET.
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Nevertheless, the first image was acquired durmg period of platform tests, after all the necegsamera
verifications were completed. As a consequences, preriod ended successfully, with a first imageirgjvthe
indication of a global correct location.

2. Image and IHET first non-phased cycles: ramp-upsgha

The second main period of Venus mission was adtiedl around the image and IHET pseudo-cycles (non-
phased cycles during BOL).

From an image point of view, this period was bewmtructive despite its complexity.

Indeed, on one hand, this short period needed aflotanual workarounds to be able to ingest, inglubal
Venus system, the appropriate data to be able dgram acquisitions. On the other hand, it was alsgreat
opportunity to test the manual tools elaboratedteefaunch, and to program promotion acquisitiars dedicated
places excluded from the nominal routine set ofieitions).

Considering IHET pseudo-cycles, after coordinatimiween CNES, RAFAEL and GCS, some IHET cycles
were carried out. The data downloaded at Kirunamwaasinally transmitted as expected to TMC.

Some figures can be enhanced for this period:

- 5image cycles were carried out, 2 IHET cycle, arycle mixing both missions.

- every two days, a set of acquisitions (ASD) was uadly built, based on the current orbit information
provided by GCS. Once these ASD elaborated (cdntaibetween 30 and 55 acquisitions during this
ramp-up phase), they were ingested in the SMIGR& regular programming loop was activated.

- At the end, 266 acquisitions were planned on VifesiThe resulting raw data received at VIP were
processed by operation team, and around 350 pro@aitievels considered) were checked on VIQ side
have a first idea of the radiometric and geomgbecformances. In these circumstances, a light image
quality loop was tested, to check that interfacesvben VIP and VIQ are correct and compliant with
specifications.

C. Programming loop and IHET cohabitation

Phase B Phase C Phase D
€ > < > <
STABSSEC
ADDITIOL BASE_EXT
BASELIO1 —— DEFINITI == DEFI9SEC
A A SN —
N
P00 0 T L)
Cycle 1 5 10 15 20 25 30 35 40 45 50 _l/
September October November December..,
Phase E Phase F IHET
DEFI9SEC L l ropro
N
L) W] R .
" 51 55 60 65 70 75 B0 85 90 95 100
«.December January February March

Figure 14: Venus [OT Programming sequenc

Venus acquisitions are obviously the basis of imagality activities. That's why the programming fowas
one of the key activities during the commissionpitase. Fig.14 gives an overview of the differenD&Svhich
have been planned during the first hundred cycles.

Since 2017, September’, Menus satellite has reached its final 2-day cptiased orbit. Starting from this first
cycle, various full ASDs (containing almost the rimaxm number of acquisitions allowed) were prograrmog the
VIP in regular programming loops. After the mairpject phases detailed before, the programming ghase
discussed hereafter. It has to be noticed thatptogramming phases were nested within the projbetses
described below, but did not strictly match therteatly, the fact that project phases and progrargmiriod were
closely interlocked added complexity in the glopedject frame.

1. BASELIO1: first phased imaging

At the beginning, the mission was only scientifio (HET), and the first phased acquisitions weenpkd over
80 sites contained in the first phased ASD name&BIA01. This ASD was mainly dedicated to the assess of
the first radiometric and geometric performanceshefVenus products. To this purpose, this ASD eamposed
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of a quite important part of calibration sites @&s), in comparison with the scientific ones §liés). Nominal
exchanges between VRK, VIP and GCS led to 12 aitiquis cycles with this ASD. At the end, only ongle was
not programmed: cycle 6 (between 2017, SeptembBraht 1%), as black out period was decided by GCS
(maintenance mode) due to solar activity. As theas a risk of coronal mass ejection and potentigdacts on
electric devices onboard, the VSSC camera was Isadtoff during this cycle. The last cycles of thiSD were
dedicated to the first AOCS campaigns (aiming alyaing AOCS data).

2. ADDITI and BASE_EXT: AOCS campaigns began

Once the AOCS issue was observed, confirmed (bot&ES and IAl side), a new phase of the 10T began.
During this phase, 2 new ASDs (a “calibration-bdsedmed ADDITIO1 and a “scientific-based” named
BASE_EXT) were generated, in order to charactesigeurately the AOCS topic. These sets of acquistioad
various goals: to focus on the AOCS telemetry (bguiring some long strips of data), to have comgetary
acquisitions for multi temporal and spectral ragisbn performances assessments and to check tdlétsgand
ground system) behavior with a number of acquisgiolose to the routine one (more or less 150 aitijuis every
2 days).

3. DEFINITI: the routine acquisitions tests

Following the activities carried out with previoASDs, focused on AOCS topic, the decision was madest
the system with and ASD strictly correspondinghe toutine acquisitions. This ASD, named DEFINM&s thus
activated during 8 cycles: the whole system raninally and numerous products were acquired to ivgrthe
image quality performances calculations and toakshe image quality monitoring activities foresein routine.

4. STAB9SEC, DEFI9SEC: AOCS campaigns still ongoing

After running the system with a routine-like ASDEBINITI), the image quality performances were stidlt
compliant with requirements due to the AOCS isstienew approach was decided (detailed in the specifi
paragraph dedicated to the AOCS issue): to incregséo 9 seconds the on board stabilization timefofle
imaging). Various new ASD based on this princigeplaining the suffix 9SEC in their denominationdsamhus
generated. The first one, named STAB9SEC, was aahadquiring few long acquisitions to have a fidgta of the
on board modification impacts on geometric perfaroes. The second one, DEFI9SEC, was mainly addmad
DEFINITI. It was dedicated to accumulate image &stjans in order to make radiometric and geometric
performances more reliable.

5. VM1b: imaging pause

Between cycle 55 and 73, as foreseen in Venus onigée, the scientific mission stopped to leave floor to
the technological mission. During this part, wheeceacquisition is planned, all the IHET telemetrgsaransmitted
to TMC.

CNES and IAl took advantage of this technologiocatigd to meet in order to sum up the situation @GS
issue (still existing), and decided to implemermgraund workaround. The goal was to process, onrgtonew on
board AOCS data in order to reach a sufficient emopin attitude knowledge, which should lead torgetric
performances consistent with mission requirements.

6. DEFIATTI: Ground Attitude Estimator tests

In order to test this attitude ground processirggried GAE : Ground Attitude Estimator), a new ASDswlzen
generated : DEFIATTI (almost identical to DEFINIWith the addition of only 1 site). The schedulingtliis ASD
corresponds to the first acquisitions with new @ard AOCS data, meaning also the beginning of iaffi¢M1
mission.

7. DEFIKWAJ: when Venps can help a future mission

The very last ASD of this period was generated detefy outside the AOCS issue and the image quality
concerns. Indeed, Venpus scientific mission, conmgjra high revisit frequency and agility, gave arcleato acquire
specific images for a future mission, aimed at nayimg the evolution of the top layer of clouds. 8gquiring the
same site, with 3 different viewing angles, it sldobe possible to modelize the cloud evolution &mastimate
updraft velocities. For this purpose, a new sits wdded to DEFIATTI to make DEFIKWAJ ASD. This sitas
chosen carefully, in some equatorial area (oftendy), without any impact on the other regularssite

D. Image Quality activities and AOCS topic

1. Radiometric Image quality

In terms of image quality, thanks to the specifioductions over calibration sites (radiometric g@bmetric),
the image quality monitoring loop between VIQ an® Was successfully carried out since Phase B1B)g.

The results concerning this topic are accuratelgitbel in Ref. [3,4], and are briefly discusseddadter.

The main radiometric results which could be raisede :
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- The straylight concern was confirmed, and the idtulation of ground image processing parameters
devoted to its correction gave optimistic results.

- The radiometric equalization was more difficultilexpected, due to the discovery of spikes in the
detectors responses. Nevertheless, on this paiot thle spikes seemed to be constant in time,rarsdthis
issue could be handled thanks to a precise chazatien of this phenomenon.

- The calibration activities (based on various metf)adere nominally handled, and regularly updated
during the 10T thanks to refining of the electrogfikes observed (position, dependence with radianc
and improvements in characterization and correaifastraylight. The moon acquisitions and a huge
accumulation of desert acquisitions have alloweihiy the various spectral bands calibration paramset
At the end of Phase D, VIQ tools (which were adtdaby experts before) were well enough tuned to be
delegated to the operation team, through a precssedure.

2. Geometric Image quality: the AOCS issue

All the details of the geometric part of the comsiosing phase are largely discussed in Ref. [5]s Paper
focuses on some aspects of this topic, emphasthi@gnfluence of AOCS data accuracy on specificngetoic
performances (which must be monitored accuratetpitine).

In this frame, the main point was that the firstfpenances assessments at the beginning of Phaser®
worrying. Indeed, the multi-spectral and multi-tesrgd registration performances were not compliaitth scientific
requirements. As previously mentioned, this wasediby the attitude accuracy error knowledge tithhdt meet
the image processing requirements (which was foamlg during IOT). Indeed, the satellite on-boardtware
estimates the attitude by combining reaction whaats star trackers. This on-board attitude estomat reflected
in the telemetry, and is unfortunately not accueateugh for Venus image requirements. In this fratine platform
should have also gyroscopic actuators.

As a consequence, this led to some complementatysas and tuning on board, identified as “AOCShhgi
campaigns, dedicated to solve the attitude estimagisue. During more than 3 months, from mid-saptr to mid-
december, many on board configurations were testgdt the most accurate AOCS estimations:

- the weight of star tracker measurements in theaylBDCS on board estimation was lowered during a
campaign, and increased in the following campaign.

- modifications on covariance matrix and attitudetgrrdaons have been tested

- different star tracker integration times and tirtabgizations (between the moment camera was bedtc
on and the effective beginning of the acquisitibaye been updated on board

In each case, the image quality loop was executexhéck the effects of the operation (whether #wilts on
the multi-spectral registration have been improgedot). Such analysis needed some cloudless atbossto be
downloaded (providing from various ASD such as DMFI, STAB9SEC, DEFI9SEC), processed up to level 1A
and analyzed accurately to judge the efficiencyhef on board modification. This explains that a féays were
needed between two consecutive on board tunings.

Unfortunately, the results were quite disappointiafjer these on board tunings. Even if an optimized
combination of on board parameters (star-trackdegmation time, stabilization time, weights in AOCS
estimators...) was decided by CNES and IAl, the genmspecification on multi-spectral registratiomsvstill not
met, which, at this point, forbid any scientificeusf the Level2 products at 10m.

Nevertheless, during Phase D, a first attempt ofigd processing was implemented. Indeed, one ddttitade
specificities that prevented from using them cdiyewvas their noise. For that purpose, a modifmatiwas
implemented in the Level 1 production chain to sthabhe AOCS data associated to raw telemetry. &hisved
some improvement in the performances. Without bedtigble for every acquisition, for some L1 prottucnage
(with no clouds and few water areas) performanca®wonsistent with requirements.

However, the next step, developed in the sciengfiase (Phase F, post-VM1b), was then to studybasto
ground workaround to post-process the attitude. data

3. AOCS ground workaround: the GAE implementation

Phase F was dedicated to the GAE conception: fleroh board collection of new auxiliary data padkeits
processing through on ground system.

Figurel5 illustrates this significant evolutiontb& global system. The top schema presents thal iaithitecture of
the ground segment without accurate ground attiestination. The bottom schema shows the new auathite,
including in red the evolutions which had to be liempented operationally in coordination with GCS.
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First of all, the efforts focused or
the onboard collection of a nev
information packet (named GAE
auxiliary packets). Indeed, this ste
had to be done urgently because tl AUX. packets | ‘Seemo oL
downloading date of the first GAE KML fles
p ackets determined the virtua Initial system without ground attitude estimation (GAE)
beginning of VM1 official scientific
mission. Actually, VM1 mission, which
nominal duration is 2.5 years, shoul ] ‘- I
have started when radiometric an - ’
geometric performances of Venu il L \ a0 corrsctsdl

: X — : ADC w_/ : }
image products were met. Bein T % ! e leoe ;
optimistic with the efficiency of the on AUX, packets L .

SMIGS VIP

ground attitude computations, th
sooner new auxiliary data packets we
downloaded, the sooner multi-tempor: 8
series of correctly registered Venu New solution with ground attitude estimation (GAE)
products could be generated. Th Figure 15: implementation of ground attitude estimaon
hypothesis assumed that the
completeness of data series would be obtained ghroeprocessing, starting back to the first coitectof GAE
packets. After discussions between IAI/MBT end CNE® global format of these new data packet haaenb
decided and their downloading started at cycleJahary, 28). Many options have been considered to build the
new GAE packet. Eventually, it was decided thabmpletely new GAE packet of attitude parameters ld/doe
collected.

Secondly, the processing of this new packet habetaleveloped and implemented. As illustrated in 1&g
numerous changes had to be analyzed between GCSNiBS. Several iterations led to some compromizesAl
and CNES side, in order to minimize the impactglobal SMIGS architecture. In this context, inteda had to be
studied carefully. The first needed inputs werejialsly, the new GAE auxiliary packet, processedj¢nerate a
GAE XML file. Also essential for the attitude datarrection, the GPS auxiliary packet was read talpce a GPS
XML file (also used internally in SMIGS to produdeventory and upper level image products). Finathe
previous AOC packet was kept in the whole desigih similarly processed to an XML file. All these ddiGPS,
AOC and GAE XML files) were provided to the GAE pessor to elaborate an accurate attitude XML Tileese
accurate attitude data, combined with GPS and RAX¥ ¢like in the first initial architecture) wereeth nominally
used in SMIGS system to generate inventory andrdpel products.

Concerning the practical implementation of thisoaitdym, the global processing would be done, atehd,
internally in SMIGS. Nevertheless, the ground atli estimation was on 1Al responsibility. In suclcantext, a
validation test campaign was established betwe

IAl and CNES: SMIGS VIQ = Test parameters
- on IAl side : the GAE processing (fron / (GIPP, AOC) iy \
auxiliary data packets decoding to AO!l 2

corrected data generation) was implemented = Sproducts
a software, first functionally validated in GC! 9 gy~ Generation
premises. Some corrected attitude data (XN Ly B (“p"uﬁ‘;‘f“
files, output of the global GAE processol ' 5’{ g
have been provided to CNES s VIP > Raw image

pecific inventory

- on CNES side : these XML data wer || request
injected in SMIGS system (with GPS data at f:‘;';ef'
the raw telemetry associated) to produr || sy
inventory and levelO/levell products. Th
classical image quality loop was then appli¢
to assess the new multi-spectral registrati ;
performances. It can be noticed that, in tF =

specific case, the image quality loop betwe ”(‘:;‘I*Pg“’:’;cef"
VIQ and VIP had been enriched with the use -

AOC XML files (Fig.16), additionally to GIPP igure 16: an mage test loop
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files. Indeed, as explained in Fig.11 detailing thessical image quality loop, a specific GIPP |@ogsted in
SMIGS system. It consisted in a VIQ specific demandproduce from an inventory product, on VIP side
dedicated upper-level image using specific GIPPb@dested on VIQ side). This loop had been exténihe
this context to AOC corrected data file. Indeed; tlarious “GAE-processed” accurate attitude dA@C

XML data), provided by IAl, were ingested in ViQtabase (Fig.16-pointl), and were integrated ircipe
requests (Fig.16-point2) addressed to VIP (asef there GIPP files). The VIP generated upper-lgvetiucts
(Fig.16-point3), using these corrected attitude Xfiles, and sent back to VIQ the new products (Fg.
point4). Therefore, the VIQ could have access ®ghme level of product, generated with classicakith

accurate AOC data, which is extremely convenienéxactly compare the geometric performances reached

(Fig.16-point5).

Last, but not least, it can be noticed that thisBEQ#ocessor is constituted by an executable deld/éy MBT,
which should run operationally in CNES premisesr Becurity reasons, such a situation must be spaktyf
handled in CNES system. A dedicated machine shbeldsed to host this GAE processor. The only ainéar
information fluxes between this machine and the GBlwould be the needed interfaces (as inputs)f@daminal
output of the GAE processor.

Unfortunately, at the time when this paper hasnbedtten, very few results were available thantsthiese
corrected attitude data. On a unique site, at guendate, an XML file of “GAE-corrected” attitudetd had been
delivered by MBT, and tested in CNES expertise eenthe geometric performances assessed on theddugs
generated with these GAE data were certainly bettat the initial ones, but were clearly showingttlsome
parameters had still to be tuned accurately on MRIE. This task needed time, and the complemeitaggking
tests in CNES (SMIGS data ingestion and processmgeased the time consumed in the total validatamp.
Moreover, on CNES side, to be able to guaranteerdliability of the geometric performances, a coetgl
validation of the process should be executed onyrsias, distributed in a homogeneous way in ld&tuAll these
different reasons explained that no conclusiona el given in the frame of this paper.

E. Image Quality special programing: the Moon

The moon acquisitions are dedicated to radiomatradysis. They can be used to assess and moratabtolute
radiometric calibration of each spectral band eftamera, and can also help in characterizingtthglight impact
thanks to the strong transition between the dagcs@nd the bright moon surface. An interestingystoncerned
Venps moon acquisitions, illustrated with Fig.1d a@mscussed hereafter.

Along track

L S

a) 2017-09-28 b) 2017-11-06 c) 2017-12-05

Figure 17: moon acquisitions: iSsues In precise ceming

Moon acquisitions were attempted since SeptemhgrinbNovember, despite the analysis on both CN&$ a
IAl side, they were still not centered. Actualljhig issue was complicated because of the specps bf
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programming and since there were little opportesitidue to new and full moon constraints, delayaSiRequest
posting...). At the end of November, only 9 moon preid were available, and none of them was centigtigd 7
left). In some extreme cases (Fig.17 center), sparé of the moon was outside the field of view, mgkthe
acquisition useless from a radiometric point ofwidhe moon being essentially used for radiometaiibration,
the only advantage of these non-centered moon pteduas to assess, in different focal plane posticome
radiometric parameters. Nevertheless, GCS and CN&S on working together to check the global comtnan
chain leading to a moon programming.

Finally, in December, the GCS found that the tetec@mnds computation considered a moon pointing fifeen
center of the earth, and not from the satelliteitipzs Once the problem solved, at the beginningbetember
(Fig.17 right), moon was successfully centeredaicheacquisition.

F. Image Ground Segment Evolutions

During the commissioning phase, the image groumgineat (SMIGS) also experienced various phases. Some
software and hardware evolution have been impleadktat follow the IOT events.

1. Software evolutions

First of all, at the very beginning of the imageghuiction on VIP side, a global limitation was digeced: the
coding of LevellA was in 8bits, which was not stiffint for the required precision on some radioretri
performances. A quick modification of the SMIGS whaen been necessary to be able to generate psoduct
floating point on the VIP side, and to process tlibraugh the VIQ.

In the frame of the AOCS campaigns, many analysa& bbeen made on VIQ side, based on the products
received from VIP. Especially concerning the geosiogirocessing activated while producing a Levethge, the
experts have noticed that the amount of infornmaligged during the production was not accurataighdo carry
out investigations. Some evolution was thus devedopn SMIGS side to deal with more detailed gedmet
information (both in VIQ and VIP systems).

In VIP system, GPS and AOCS files selection wasthas validity start and stop times. The problerthé, in
some cases, these times values for GPS files wemegndue to the existence of outdated packetsemtkxiliary
telemetry. The consequence is that the VIP coigder automatically image processing with GPS a@C5s files
that did not have data covering the acquisitionictvtled the process to fail. This was worked arobgicpatch a
while ago and then solved by adding a filtering miedn the auxiliary data processor to get rid#se outdated
packets.

2. System evolutions

An important evolution was identifiedat the begimgiof the commissioning phase. Indeed, at thises{Rfpase
A and B), the system allowed only few telemetryadtat be transmitted by network. This is a heritaféhe first
conception design which prioritized postmail ovestwork data transmission. As a consequence, a apeci
organization had been established on VIP side,cbasewo different contexts. On one hand, duringheldiruna
pass (8 times a cycle), some raw data (image arilieay, corresponding to specific geographicaks)t were
automatically transmitted from VRK to VIP, procedsm VIP side, and were made available on VIQ didethe
other hand, manually, once a week, a huge amoudataf was received on VIP side, and ingested irSMEGS.
These two different policies brought in additiomadrk within the SMIGS to fulfill the image qualitpop between
VIQ and VIP on the total amount of available pragdud-ortunately, this tricky organization was stegpat
beginning of October. A special internet link waet sip between Kiruna and CNES, and all the raw data
downloaded at VRK was entirely transmitted by netwsince that moment.

In December, the lack of new image acquisitionsegaxhance to make some suitable changes to optimz
VIP hardware. Indeed, the total disk space avalét production was regularly considered as touotéd (in case
of problems in archiving, of necessary reprocessinglation with the AOCS issue...). The global dsgace was
increased during this phase, to make it more caatite for nominal processing and reprocessing.

G. Kiruna downloading

During all Venus mission life, scientific and teofwgical data are downloaded at Kiruna, Sweden.
Consequently, the VRK (located at SSC, Kiruna) key-element in the ground segment.

Concerning the IOT period between launch and VMittgend of January), more than 400 passes tode @t
VRK for the scientific mission, corresponding toand 4800 images.
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DLREPT_
PARTIAL

As shown in Fig.18, overall, around 30% of the pasthamed 8%
DLREPT for Downlink Reports) were considered pérta failed,
which caused the loss of 600 images.

Various explanations have been raised to underdtest issues,
mainly

- on GCS (downlink plan inconsistent with the orhittee end

of IHET periods...)

- or SSC side (anomaly relative to either a techrigsale or an

operator error).

At the end, only 2% of all the lost images were tmeinknown
anomalies.

DLREPT_
OK
T1%

Figure 18: Status of Kiruna passes
V. Lessons learnt:

The Venus scientific and technological commissignphase was very intensive. Nevertheless, despée t
problems encountered, many positive points mush&etioned: the whole ground segment successfultked) the
French and Israeli teams jointly worked efficientg well as the expertise and exploitation tedris in orbit test
phase naturally led to some lessons detailed below.

A. Venus image quality: an inheritance of previous irorbit tests phases

Since many years, CNES has acquired a huge experieimage quality monitoring. Various |IOT phatese
been successfully carried out, often in internaticooperation contexts. Each satellite qualifmathas been both
challenging, an also rewarding. Consequently.elitil little, the issues faced during these integpisases have
constituted feedbacks for the next qualificatidfisom an image quality point of view, the first lesdearnt from
Venus commissioning phase is that every image tyusyfistem should inherit from its predecessorbal clearly
been the case for Venus expertise center (as ettthédlow) and these feedbacks made the VIQ moreiesff
during the in orbit test period.

1. Global re-use of central framework

In CNES premises, a wide pool of different Earttsetvation satellites are monitored (at differeniels) to
maintain an optimal image quality. Pléiades, |ABterférométre Atmosphérique de Sondage danséiinduge —
Infra-red atmospherical sounding interferometergghia-Tropiques are some examples of satellitewserer
which CNES is in charge of the health instrumenhitoeing, or guarantees the quality of upper lgwelducts. For
this, CNES is responsible of the development apdtheration of image quality expertise center, ifigdesigned
for each satellite. Since Pléiades in orbit testggh many efforts have been done to keep and exparekperience
acquired during each satellite qualification. Tlesult of this approach has been the developmert géneric
software framework SAG (Structure d’Accueil Généeg— generic host structure [6]). Almost all theemrt
expertise centers currently managed in CNES Eabge@@ation department are based on such a framework

The expertise centers of Sentinel2 and Megha-Tjuas are in this category, as well as Venus exxgecénter
VIQ. Figurel9 shows the similarities of the softev@nvironments of Sentinel2 technical expertiseezeand VIQ.

e | [ e

T I TEG S2
B r
B

' Figure 19: Sentinel2 (left) and Venys (right) techical exemse center
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The re-use of SAG framework for each image quadithnical center is extremely useful to easily r@mthe
different systems, due to the similarity of thehdiecture and the computer languages implemenfed/jgreover, it
allows operators to carry out almost the same rodng activities (with similar procedures) on diéat satellites.
Eventually, it is a great advantage to have a dwdisis of global management procedures, which eaimproved
from one system to another. Naturally, in that diomthe lessons learnt before have been appliad@system,
which has inherited from Sentinel2 expertise cefigest one to be qualified).

One typical example is the management of the psdogsin error. Indeed, every day, many processes ar
automatically triggered within the expertise cen(@mchiving, automatic database interrogations, maations...
etc...). In Sentinel2 expertise centers, an autonmatinitoring of all the processes in error have hiegsiemented
in order to receive an email listing the potenpabblems on the system. The same email monitorawgy leen
successfully used on VIQ.

Another case is the global disk space supervisiinSentinel2 system, because of the huge sizeeqfrtbducts,
some disk spaces were critically monitored (theénenproducts for examples) in order to anticipagk daturations.
The goal was to discuss with experts about deletgaiess data, to have enough disk space to catrth® nominal
global monitoring. On Venus, even if the products emaller, the disk spaces available are smalterfthus, some
internal subdirectories were accurately checkgut¢oent from dangerous saturations.

2. Similarities of Sentinel2 and Venus

Venus mission was preliminarily designed to be malestrator to prepare COPERNICUS operational system
But being delayed, it has finally been launcheeraitis ESA/European Union corresponding projecttiBel?2. In
turn, it will help to shape the future for the n&®PERNICUS satellite, highlighting the benefitsifort revisit
time. Nevertheless, on CNES side, many activitiagehbeen (and still are) carried out in the frarheSentinel2
image quality monitoring (to support ESA, in chaafethe routine monitoring). In this context, sgectools had
been developed within Sentinel2 expertise cented, lrlave now been adapted to Venus image monitofihg.
lesson learnt in this case is that these adaptaf{smme examples are provided below) have beeamagty precious
to optimize the operations.

Concerning the geometric activities dedicated gess the Venus performances, the various procesBaigs
implemented within the VIQ are based on a poobofd also used in Sentinel2 expertise center. Sihidarity has
been very interesting to transfer some procedumesvéted during Sentinel2 IOT phase) to Venus erer®ne
typical case is the procedure tg

. . . . ID_PROCESSING RUN TO PURGE ? DISK SPACE USER COMMENT
alm at monltorlng the dISk AGILEIMPORTDONNEES_251405 251405 DELETE COMPLETLY rotlanda L1A-ES-TERA-20171128---POL3-neige
space occupation of geometri e oo e st | s e e
t00|s exeCUtlon SUdereCtorles ERECARTOPLANFOCAL_SPATIO_251425 31425 DELETE IMAGE delussyf 502-28-11-r¢ ol 7
processing chains need to Kee | secvrsanon rro er wpor 25073 mae nas )
the executlon d|rect0r|es f0| ey FOLOCSPATIO 243367 243367 GERARD-29-11-805-Pollux

PORTDONNEES_253735 53735 AD 131M dicka
Indeed, many geometric
AGILEFILY [AHTOF.AI\HJLA.__.‘.I’;‘.I'I(]_)‘J?N MIms AD B53IM dicka Test-SNO-Arthur-800-801
CARTOPLANFOCAL SPATIO_251411 3111 SNORussie-ecarttypevignatte.2

. AGILEFILIERETRACECARTO._239364 nes  BE crT16-17-11
further anaIyS|S (due to the CARTOPLANFOCAL SPATIO 243726 243726 DELETE COMPLETLY 5360 tanguillef RAS

H H H PERFOLOCSPATIO_242447 43447 DELETE IMAGE A75M binetr GERARD-29-11-806-- Tadig
existence of intermediate L OPLANFOCAL SPATIO 251522 251522 AD 530M languilie! SNO-russie-sanspatch
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Figure 20: execution subdirectories : monitoring ad deleting choice

occupation, potentially
harmful for the rest of the
processing executions
(especially the radiometric ones). For this purpesene Sentinel2 tools have been updated in Veoptext: the
subdirectories are listed (included the users dmad disk space occupied) and the information is $enthe
concerned users (Fig.20). In return, the expemesh the subdirectories which can be deleted.

On a radiometric point of view, it should also baticed that the spectral bands of Venus and SdBtere
relatively close. This feature has naturally lecatbomogenization of the radiometric calibratiotadeomputed by
each expertise center, and measured on dedicated (dieserts, ocean, snow...). This aspect was alltbre
important since a cross-calibration center is deérand maintained in CNES Earth observation senlit such a
tool, the Sentinel2 and Venus calibrations datapat identical in their format, can therefore bsilgangested and
compared.

3. Automatic monitoring of events

In another completely different sector, Megha-Too@s mission (INDO-FRENCH project dedicated to gtud
atmosphere in the tropical regions) is monitoredairdedicated expertise center located in the CNBBhE
Observing department. For this program, CNES iparsible both for the monitoring of the health instent and
of the data production quality. For that goal, sfietools have been implemented in this expertisater (also built
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around a SAG framework) to gather information mdato these monitoring. Typically, every day, amai

(Fig.21-left) is automatically sent to a dedicat#tfusion list (experts, operators...), listing taeomalies raised
during the last 24 hours. By checking this emgierators and experts can have a first idea of tieiss of the
instruments or the ground segment.

prre———— T rr————— . -
SCARAB ||| srEuNH

ORB_¥0)

SCA_SC_CYC
1 5CA_SC_INST
NIVEAU 1

SCA_L1_BAD_ORBIT_DATE
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SCA_L1_PCT_GEODLC
[EREEUR | ORB_L1
I ] ORR_L1A2
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[ERREUR | ORE L1 20 frin emtre 304 ot 31950 || proveness

Figuré 21 'A'Iertlng email on anomales. monltorlngof Méghé-Tfoplques (left) and Venps (right)

Such a mechanism can also be useful in Venus dorltedeed, the multi-temporal registration of d&a
extremely important for Venus scientific use. Thongistency of the reference image (specific to esmiuired
geographical site) with the current acquisitionshigs an important criterion to be monitored. Inn\Me expertise
center, like for the Megha-Tropiques one, anomaties raised when correlation rate between acquisigind
reference are less that a specific threshold. Quesgly, the same tool operated on Megha-Tropicugertise
center has been adapted to Venus expertise c&heeresult is that, every day, operators and egpedeive email
(Fig.21-right) listing information related to thask acquisitions produced on VIP side. Such messagag
information on the ground segment behavior (if modpict is listed in the email for example), or b guality of
the correlation between reference image and adatjyreduct (if some anomalies is raised). The moinitp
information provided can thus lead, for some geplgical sites, to an update of the reference progtugtaintain an
optimal image quality. Again, in such a contexg tirevious experiences in |Q commissioning havanatl to save
time in exploitation.

B. Communication and cooperation

The Venus commissioning phase was handled in sexbof international cooperation. Communication was
clearly a key-element to manage to deal with teae@s encountered during the project. One impoktgsbn learnt
is that the human exchanges should not be undienaetl in such a context (international cooperatintensive
test period...). Along the same lines, email disaussishow sometimes their limits and meetings ae tiecessary
to gather appropriate information in such complgstams. The following practical exchanges illusrahe
importance of communication in dedicated meetings.

For the global Venus system, many discussions piate between IAI(GCS) and CNES(SMIGS) to be able t
facilitate the sequencing of IHET cycles and imggigycles, to be able to plan moon acquisitions, tarichplement
and validate the GAE correcting processor. For ldiieer example, a 2-days meeting finally took plae CNES
premises to put everything in common and estalpliabtical solutions.

More specifically, from an image quality point ofew, the CNES internal communication was essemtial
elaborate the radiometric and geometric performamde/SSC camera, and to participate in the GARdatibn
operations. Some successful exchanges can be dhiggdi in the Venus commissioning phase (during aled
GEPO meetings):

- between radiometric and geometric experts : indded radiometric and geometric image quality
performances are linked. The various radiometriefsWwere important to improve the radiometric qualit
of the upper-level products. In return, thanks teese radiometric improvements, the geometric
performances assessed were more accurate, whichim@stant to characterize the multi-spectral
registration performances. Exchanges between expate then necessary to know the current status of
the image quality of products.

- between experts and exploitation team : one ok#tdoitation team tasks was to generate the apiatepr
data in order that experts can easily compute #ve ecorrecting parameters and validate their effeats
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radiometric and geometric performances. Thus, araemmunication should exist between experts and
exploitation to optimize the data availability irrantext of image quality loop.

- between VIQ and VIP exploitation team: the datalymi® was made on VIQ side, and the image
production was carried out on VIP side. Therefohese two entities were central in the image qualit
process and the communication between them wagatrlibe availability of data for experts depended
many factors on both sides of the SMIGS: formathef interfaces, correct values of parameters, ehaic
the test images, database ingestions and processitip adequate product level, hub transfer ofdat
correct chains of monitoring and analysis... All theteps were daily discussed to be able to pratiee
maximum of data in order to fulfill all the perfoamces assessments.

C. System specificities

Venus global system has certain specificities cgniiom its design. Indeed, preliminarily designedbe a
demonstrator to prepare COPERNICUS operationaésysYenpus had some budget constraints. Moreoveause
of its mission characteristics (to permanently aegthe same geographical areas every 2 daysyrtund segment
was not intended to evolve during the 2.5 yearshef nominal scientific mission. For all these remsothe
programming was very simple, but also very rigidnie orbits were excluded from any programming,siightest
modification on a site definition necessarily tigggd important modifications in the whole programgnchain ...).
The lesson learnt from Venus IOT is that, evemiitine acquisitions are fixed during the misside, Iflexibility is
essential during the commissioning period. Thiseasghould be considered during the elaboratiothefground
segment: to be able to combine flexibility anddity, depending on the phase of the mission.

From a hardware point of view, there is also anolidgson that can be highlighted: to study cargfille needed
space disk in the conception of the ground segmeritenus SMIGS context, this has been an imponpait.
Indeed, on VIP side, some adjustments were to he doglobal disk space during the IOT phase and/IQ side,
some disturbances appeared (in processing oriim 6eganization) due to a lack of margin on this satisk space.
This aspect should thus be taken into accountwéresince it is central in the ground segment.riyias should be
considered during the development taking into aotdhe experience of previous in orbit test phased the
possibility of issues during the commissioning ghas

Information traceability has been a key-point im\e IOT. Indeed, in such a “locked” system as Veylere
the same images are repetitively acquired), allMhe production steps should be carefully followad VIQ side
(with suitable analyses). Moreover, some issuesiroed during the commissioning phase (straylighRGs...),
which made necessary the ingestion of a lot of petsland information in VIQ expertise center. As tequired
analysis on these topics were carried out, it wasial to be able to gather, on VIQ side, new pmidun
information coming from the VIP (which had not beeneseen during SMIGS conception). The lessomtein
this frame, is that data traceability (image infation, log files, auxiliary data, intermediate fésu.) is very
important in complex systems and should be precidesigned during the conception of the systemingakito
account production and expertise needs. Besidesy#ly information are transferred from the productenter to
the expertise center must be conceived to be opengh in order to make possible an easy additiomesf
information during the mission life.

Conclusion:

As a conclusion, Venps in orbit test period hasmbee&ery complex and instructive period! Israeld &rench
teams have to carry out a multi-phased commissipmiariod, and to face image quality issues thatredt
radiometric and geometric performances. Howevegryetime, correction or workaround have been imgetad
successfully to guarantee routine image quality itoong, thanks to CNES and Al experience and @apon.
Only one open point remained at the end of this [ih&se: some geometric performances altered biatheof
accuracy of the attitude data.

Being confident with a future complete consisteatymage quality performances, Venus clearly opgmaew
horizons for scientists, combining unique featuméhin one satellite (constant viewing angle, higlolution, high
revisit and spectral richness), which will fostee tcapability of the scientific community to uselsmew datasets
and to develop innovative methods and applications.

It is now up to the scientific community to use Yisndatasets so that this mission could contritughape the
future of Earth observation satellites definition.
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Appendix

- -

praucts on a scientific site located in U
near Portsmouth, New Hampshire)

Figure22 shows a collection of 4 different acqiosis of a site located in USA
(location in Fig.23). Each image is an extracthad full footprint of the site,
acquired at a specific date (indicated at the botd each picture). A selection
of three spectral bands has been chosen for tpéagiBand 7 in red, Band 4
in green, and Band 3 in blue.
Figure 23: UNH site, During the illustrated period between SeptemberAgd, the evolution of
geographical location growing cycle can be emphasized trough visual eiwiwf global landscape
(greener in the beginning of the series, with grsiage in January).
All the products are available at https://theiaschifatdistrib/rocket/#/home
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