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ABSTRACT

BecauseGaiawill performa continuousall-sky surey
at a medium(Spectro)or very high (Astro) angularres-
olution, the on-boardprocessingneedsto cope with a
high variety of objects and densitieswhich calls for
genericand adaptve algorithmsat the detectionlevel,
but not only. Consequentlythe Pyxis scienti ¢ algo-
rithms developedfor the on-boarddatahandling cover
a large range of application: detectionand con rma-
tion of astronomicabbjects,backgroundsky estimation,
classi cationof detectecbjectsNearEarthObjectson-
boarddetection,and window selectionand positioning.
Verydenseelds, wherethereal-timecomputingrequire-
mentsshould remainwithin x ed bounds,are particu-
larly challenging.Anotherconstrainstemsrom thelim-
ited telemetrybandwidthand an additionalcompromise
hasto befoundbetweerscienti ¢ requirementandcon-
straintsin termsof the mass,volume and power bud-
getsof the satellite. The rationalefor the on-boarddata
handlingprocedureis describechere,togetherwith the
developedalgorithms,the mainissuesandthe expected
scienti ¢ performancesn the Astro and Spectroinstru-
ments.

Key words: Gaia; TechniquesimageProcessingMeth-
ods:DataAnalysis.

1. INTRODUCTION

The motivation of this paperis to describefrom the
foundingprincipleshow the Gaiaon-boardscienti ¢ data
processings handled. After having introducedin this
sectionthe main scienti ¢ objectves,the technicalcon-
straintswhich arefacedleadto adaptedechnical(hard-
wareandsoftware)solutionswhosecurrentstatusandre-
sultsareindicated.

The main scienti ¢ objective of the Gaia missionis to
obtaina completesuney down to G < 20 magnitude.
The downloadeddatashouldallow for determiningun-
biasedastrometryand photometryon-groundfor all ob-
jects,whetherbright, multiple stars,or asteroidsgvenin
high densityregions. Besidecompletenesshe on-board

datahandlingshouldthusbe versatile,but alsoef cient
andreliable. Ef ciency is neededbecausevhatis ob-
sened but not downloadedis lost. Reliability is manda-
tory astheon-boarddatais usedtio maintainthesatellite’s
attitude ,neededo guarante¢hehigh astrometryrequire-
mentstandards.Of courseall thesecriteria may appear
aswishful thinking whenthe actualsky andinstrument
propertiesaretakenin account,if no specialprocessing
wereapplied.

2. TECHNICAL CONSTRAINTS

2.1. General Processing

The absenceof ary all-sky high resolution Catalogue
with the samepassbandsthe astrometridnstrumentof
Gaiaisin itselfamotivationfor autonomousn-boardle-
tectionanddatahandling. Uploadinga Cataloguevould
thusnotbe possibleor atleastsuboptimalkndat the cost
of complicatingthe on-boardprocessing.

Therearea numberof otherreasonsowever. The rst,
as alreadymentioned,is the needto perfectly synchro-
nise the TDI (time-delayedintegration) with the scan-
ning motionof thesatellite which otherwisewould cause
a blurring detrimentalfor the astrometrioneasurements.
For thepurposeof controllingtheattitudealong-scarand
across-scamotion measurementsust be performed,
whichin turnscallsfor searchindgor the stars'centoids
in someCCDs.

Besidesthe whole contentof all CCDscannotbe down-

loadedbecausef the telemetrybottleneck:the content
of the Astrometricfocal planeCCDsonly would already
amountto about6000Mbps, while the actualbandwidth
reachesa few Mbps only. To give somehint on how

the usefulinformation can neverthelesse downloaded,
some (illustrative only) numbersfor the Astro instru-
ment can be indicated. For more realistic numbersof

the telemetrybudgetaccountingfor the variouswindow

sizesseeLammersetal. (2005).

Let us assumehat about55 stars/swill be obseredon
the averagein eachof the CCDs. Detectingthenwin-
dowingeachstarwith say6 £ 12 pixelsof 16 bits each,
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imply that 10 Mbps would be needed alreadygaining
a factor600. Then, becauseone-dimensionaeasure-
mentsallow for achieving the astrometrigperformances,
afactor12 canbegainedby al £ 12binning'. Besides,
this samplinggreatlyimprovesthe signalto noiseratio.
Finally, afactor> 2 canperhap$egainedwith alossless
compressioschemePortelletal. (2005).

With this overall factor> 15000, Gaiais a very ef cient
compressingnachinewhich permitsto copewith there-
stricted telemetrybandwidth. But one consequencef
this is the needfor an on-boardcomputerableto detect
objects,provide centoiding with a high precision,then
windowthe objectsusingsomesamplinganda propaga-
tion algorithmto correctlytrackthewindows duringtheir
traversalof the focal planebecauséhe satellites motion
givesdifferentspeeddo thetwo Fieldsof View (FoVs).

2.2. CCD Constraints

The afore-mentionedvindows are built from individual
samplegeadin theserialregisterof a CCD. Thereading
of the CCDsin TDI modeis constrained.First because
the astrometricaccurag cannotbe achiezed without an
ultra-stableinternal thermalervironment. For this rea-
son, the focal plane assemblypower dissipationhasto
be kept constantoy the readingof a constantnumberof
samplesateachTDI.

A trade-of mustbeperformedor thisnumberof samples
perline. It cannotbetoo high asthis would increasehe
detectionnoise, yet it shouldbe large enoughto ful Il
thescienti ¢ objectives.Currently it is suchthat3 £ 10°
(Astro) andabout1C® (Spectro)starsper squaredegree
canbe windowed. BecauseGaiawill befacing,at least
locally, densitiedargerthanthe quotednumbersthereis
aneedfor aselectioralgorithm,choosingwhich starwill
bewindowed.

The samplesare producedby binning pixels electroni-
cally, i.e., photo-electrongre summedinside the serial
register Thereadingof thesamplegs associatedo ade-
tectionnoise(includingtheread-ounoise thedarknoise,
analogvideochainnoise etc). To maximizethesignalto
noiseratio and becauseone dimensionalmeasurements
aresufcient for theon-grounddatareduction somesam-
pling sizemustbe de ned in orderto cover mostof the
object’s ux across-scartakinginto accountthe optical
image,the trans\ersemotion, etc. In mostof the CCDs
the windows are thus madeof one across-scaisample
only. The AF1 CCDsare,however, anexceptionbecause
theacross-scanentroidof the objectsmustbe measured
andthe windows arethus composedf so-called serial
windows' madeof 6 samplef 2 pixels. Theassociated
penaltyis obviously a worsenedsignalto noiseratio in
the AF1 windows.

1we follow herethedesignatiorp £ n to indicatea samplemadeof
p pixelsalong-scarfAL) andn across-scaAC) electronicallybinned.
As for the CCDs, the usedacroryms are ASM=AstrometricSky Map-
per, AF=AstrometricField CCDs,SSM=SpectranstrumentSky Map-
per, MBP=MediumBandPhotometelCCDs.A CCD line indicateshe
AC pixel chain.G andGS arethewhite light magnituden respectiely
ASM/AF andSSM.

While no specialwindowing problemsare foreseenfor
single starsin non-cravded elds, the desiredscienti ¢
completenesgannotbe achiered for close starsfor a
technicalreason:ary given pixel cannotbelongto two
differentsamplesPartially overlappingsamplesarethus
not allowed andoneonly of two (or more)suchsamples
canbe readout. Imagingsuchclose systemscanthen
only be achieved througha dedicatedwvindow position-
ing algorithmonly.

2.3. FalseDetections

Statisticatestsarea compromiseébetweerfalsepositives
and false negatives and this also appliesto ary detec-
tion algorithm. Poissoranddetectiomoisescanproduce
falsedetectionswhich canbe avoided by adoptingcon-
senative detectionthresholds. This assumeshowever,

thatthe CCD characteristicarewell-behaed. As a con-
sequencef this, to ensureproperoperationthroughout
themissionduration pre-calibration of theread-ousam-
plesneedgo be performed.

The radiation ervironmentis more of a problem how-
ever. Besidetheexpecteddegradationn thesky mappers,
moreor lessaccountedor by thepre-calibratiorstepthe
cosmicraysandsolarprotonshave otheradwerseeffects.
It is currentlyestimatedhatin 25% of time, 90% of de-
tectedobjectsin averagestellardensitieswill be cosmic
rays, not stars. If not detectedassuch,particleimpacts
would increasethe on-boardprocessingand telemetry
budget. Becauseof the x ed numberof sampleswhich
canberead-outby TDI period,cosmicrayswould hence
decreasehe starobsenation probability For theserea-
sons,not only is a con rmation CCD neededput some
starcosmicraydiscriminationshouldbeperformedatthe
detectiorievel to avoid allocatingobviously uselessam-
plesfor the AF1 con rmation step.

2.4. Bright Stars

Saturatedbright stars,althoughin small numberscom-
paredto thebillion tametstarsareneverthelesshefoun-
dationof themostprecisesciencaeachabldy Gaia. The
best precisiongoes, however, handin handwith addi-
tional obserationaldif culties: systematiceffects, neg-
ligible for fainter stars, should be avoided here. One
suchsystematiceffect could, for instance comefrom a
poor across-scamwindow positioning: becausehe PSF
is asymmetricala ux cut-off would leadto biasedcen-
troiding duringthe ground-basedatareduction.

In termsof detection,bright starsare extendedobjects
forming large connecteccomponentsWhenthe diffrac-
tion spike beginsto be detecteda connecteccomponent
beginsto beformedwhich endsattheendof theopposite
spike. At this point, the objectis formedandconsidered
detectedso measurementg&entroiding,etc) canbe per
formed. Unfortunately anupperlimit to thetime needed
for theseoperationss setby thedelaywhichis available
beforethestarenterghenext CCDs. A causalityproblem
canthenoccurif theobsenationsheginin thesubsequent



CCDsbeforethe detectionis completed.Anotherprob-

lem stemsfrom the reboundsof the PSF,which may be

interpretedasindependenbbjectsdetections.Then, as-

sumingthatall this hasbeensolved, the magnitudemust

be estimatedwhich is renderedlif cult dueto saturated
pixels.

In termsof obsenation,two differentstratgieshave been
proposed:eitheractivating CCD gates,which would re-
ducethe effective observingtime while preventingpixel
saturationor using a specialwindowing of the vertical
spikes(Hggetal. 2003).In bothcaseshesamplingmust,
however, beadaptedo avoid saturatioratthelevel of the
serialregisterwhensummingthe (non-saturated)ixels.

In summary bright starspresenthallengesat the detec-
tion, samplingandwindowpositioninglevels.

2.5. Multiple Objects

Doubleandmultiple starsarefundamentabbjectswhich
bring a wealth of information in stellar and galactic
physics.Neverthelesstheir handlingis far from obvious.
As canbe seenin Figure 1, a normalwindowing would

frequentlynot allow to correctly cover the components.

Consequentlythe ( ux-truncated)one-dimensionahea-
surementsvould complicatethe associatedlatareduc-
tion. Both alarger samplingandan adaptedvindowpo-
sitioningarethusrequired.

Another consequenceés that componentshouldbe de-
tectedascloseaspossiblesoasto ensurghatanadapted
windowing canbe applied. Below a separatiorof say2
pixels,asinglewindow cancover the componentslight,
but multiple windows may be neededabove this thresh-
old.

2.6. Processing-oad

Among all the various adwerse effects met by the on-
boarddatahandling,the mostchallengingto manages
perhapghe ability to processthe datawithin the avail-
abletime constraints.

Theradiationervironmentwasmentionedabove, but its
effect on the on-boardprocessingcapabilitieswas not
broached.The electroniccomponentganbe affectedby
single event effects (bit ips, shortcircuits, destructve
failures)andby a total ionizing dose(thresholdvoltage
change). Consequentlyclassicalcommercialelectronic
componentsirenotdeemedeliablein radiationenviron-
mentsand speciallyquali ed componentsare required.
The consequencef thisis thatit is illusory to expectthe
on-boardcomputingperformancego be at the level of
evenourold of ce PCs. Multiplying the numberof pro-
cessorss notpossiblesitherbecaus®f theimpactonthe
power, massandcostbudgets.Usingprogrammablénte-
gratedcircuits (Field-Programmabl&ateArray, FPGA)
is possiblethough,but notfor complec algorithms.

It shouldbe mentionedthat eachof the 10 Video Pro-
cessingJnitsin theAstroinstrumentasto managemore
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than 1.7 million samplesper secondandthis, whatever
the stellardensity Then,the processingime scalesap-
proximatelylinearly with the numberof objects.A large
rangeof densitiesmustbe handled:the averagedensity
in the ASM is about25000starspersquaredegreewhile
the maximumdensityis about120 timesthis gure (in
the Astro instrument). If we now considerthe number
of objectsper sample,the SSM would have to handle
about50 times more objectsthan the ASM, suggesting
that the processingin Spectrowill be much more de-
manding.Both detectionandwindowalgorithmsshould
be optimisedwith a severeselectionstepin SSM.

3. ADOPTED SOLUTIONS

The previoussectionintroducedn a naturalway thevar-

ious functions (written in italics) which are neededto

copewith the variousconstraints.Namely sequentially:
pre-calibration,backgroundestimation,detection,cen-
troiding, classi cation, sampling,windowing, selection,
window positioning,con rmation andpropagtionof the
positionsbetweenall successie CCDs. The contentof

thesefunctionsis describedelow.

The focal planesmay be describedby threemain com-
ponents:the CCD proximity electronicsthe Video Pro-
cessindJnits (VPU) andthePayloadDataHandlingUnit
(PDHU).Therole of theVPU is to detectandmanagéehe
windows of sciencedataandtransmittheseto the PDHU
for subsequentompressiorand pacletisation. Most of
thescienti ¢ requirementshusoccuratthelevel of VPU
functionalities.

3.1. Astroand Spectro Processing

For whatconcernghe Astro instrumentdetectionis per
formedin the ASM1 andASM2 CCDs, respectiely for
the Astro-1and2 FoV. Both detectionsallow, afterprop-
agation,for selectinghewindowsto beobseredin AF1
(rst selection).Con rmation is thenattemptedoy run-
ning thedetectiononthewindows obseredin AF1. The
objects|f con rmed, thenundego asecondselectiorfor
the AF2-100bsenations.Only con rmed objectswill be
obseredin AF11 andBBP1-5lateron. Somewill not
be obsered in theseinstrumentsin casesof high stel-
lar density aswindows arelargerandadditionalwindow
con icts will thenoccur

In the spectroinstrument, the objects are detectedin
SSM1landin SSM2thencross-matchings performecdbe-
tweenthesetwo detectionlists. A selectionprocedurds
thenperformedandprovidesthepositionsof thewindows
to be obsened in the following SpectroCCDs. Beside
photometryoneof the CCDshasa specialrole, whichis
the predictionof the spectrato obsere in the RVS eld
(seeCropperetal. 2005).

The purposeof con rmation (Astro) or cross-matching
(Spectro)is primarily to remove false detectionsdue
to cosmic-rays. A cross-matchinglgorithmis usedin
Spectroas the use of (a limited numberof) windows
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would otherwisediscardtoo mary detectionsdueto fre-

guentcrowding. Besidesthe cross-matchingprocedure
alsotries to detectNEOSs, i.e., objectswhosemotion is

signi cant betweenSSM1/SSM2in the rst CCD mod-

ule andSSM3/SSM4n the secondnodule.

3.2. Detection

Initially, a peak nding algorithm had beendeveloped,
SWA, (Bahlusiaux1999),which ful lled mostof the de-
tectionneedsin termsof detectiorrateandef cient exe-
cution. It washowever found saferto developa segmen-
tation algorithm (GD). First, becauseextendedobjects
would not be detectedpr with a smallerprobability with
a peak- nding algorithm. Second,becausébright and
saturatedstarswould not be handledcorrectly Finally
because segmentatioralgorithmwould be morerobust
with respectto objectssmearedby their motion (aster
oids), or by the motion of the satellite(in the improba-
ble caseof desynchronisatiohetweenl DI andscanmo-
tion). Finally, multiple objectscould perhapsbe more
easilydetectecanddelineatedy the segmentatioralgo-
rithm.

The GD algorithm hasbeendeveloped(Chéreau2002;
Mignot 2003a)basedn APM (Irwin 1985). Thesucces-
sive stepsarethefollowing: computatiorof the regional

sky backgroundinterpolationof it for eachpixel, aftera

denoisingstep;pixels above noisebuild connectedcom-

ponentswhich form the objectsonto which centroiding
andclassi cationcanthenbeperformedafteradeblend-
ing step. The algorithmwas thenimproved for special
objects: double stars(Mignot 2003c) and bright stars.
Most of the developments,however, were intendedto

renderahardwareimplementatior{Mignot 2003d)possi-
ble. With thisintent,it hasbeenimprovedfor speedwith

integerbasedperationsa hardware-friendlyconnected-
componensearchpne-passleblendinganda fastback-
ground estimation. The object classi cation (mostly
star/cosmiaay) s currentlybeingimplemented.

3.3. Samplingand Windowing

Oncea staris detecteda samplinganda windowing has
to be applied. Deep,comprehensi, dedicatedstudies
have beenperformedby E. Hgg in successie reports.
The samplinghasbeendesignedn orderto give optimal
astrometricand photometricresults,accountingfor the

optical PSFthe detectiomoiseof the CCDs,themotion

of thespinaxis, thelimited telemetryandthe presencef

doublestars.

Every CCD will bring varioustypesof complementary
information. The AF1-10arenormalwindows for theas-
trometry thoughbright starshave AC resolutionfor cali-
bration.AF11 haslargerwindows (2.5°°diameteror the
analysisof the surroundingsaindthe discovery of poten-
tial perturbingobjects.Wider BBP windows provide the
local sky backgroundThe ASMs give the 2 dimensional
information thoughwith a degradedresolution(2 £ 2
binning).

Figure 1. A multiple objectin the Baadewindow as it
would be detectedn the Astrometric sky mappes (red
circlesand crossat centey top left), windowedfor con-
rmation in AF1 (topright), windowedn AF2andAF11
(bottom). Several featuescan be seen:the overlapping
of windows(without overlappingof samplesjn AF1 al-
low to cover several stars; somestars are not coveredas
the maximumnumberof sampleger line wasexceeded.
In AF2, a (imperfect)windowtiling is usedand a large
windowcanbeputin AF11; thelack of samplegerline
is alsoappaent.

The complex sampling,windowing and,moregenerally
the scienti ¢ requirementdor the on-boardstratey on

which the selectionalgorithm is basedhave beende-
scribedin Hag et al. (2003)andthe windowing hasfur-

therbeenre ned (deBruijne 2003b)basedn studiegel-

ativeto thepropertief thesky (deBruijne2003a)jn the
averageandworst-casgthe Baadewindow) stellarden-
sitiesin Astro. The numberof samplegerline is based
onthis maximumnumberof objectsto be handledwithin

the nominalmodeandon the size of the windows. This

sizeincreasegor decreasingnagnitudes.

The currentversionfor the samplingandwindowing de-
sign canbe found in Hag (2004)to which the readeris
referred.

3.4. Window Positioning and SelectionStrategy

It was plannedat an early stagethat, besidesdetection,
a selectionalgorithmwould be necessaryBalusiaux&
Arenou 2001). Performingthe windowing may; at rst
sight,seenmsomethingeasybut it wasrealisedhatalot of
detectedstarswouldbelostsimplybecausef windowing
constraints.

In the AF1 CCDthereare6 samplescross-scaperwin-
dow, sotwo AF1 windows canoverlap (seeFigure 1b).
In all other CCDs however, when two windows over-
lap, only one can be read, leadingto a reducedfrac-
tion of the objectswhich can be downloaded. This is
even more olvious whenthe Spectroinstrumentis con-
sidered(de Bruijne et al. 2004). Lessthan80% of the
detectedstarscan have a MBP window in the galactic
planewhereaghe large pixels windows in AF11 canal-



most always be allocatedexceptin very high densities
(Figure2).
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Figure 2. Theoktical proportion (%) of detectedsingle
stars of a givenmagnitudewhich could subsequentlgb-
taina 10 £ 4 windowin MBP (full line) or a68 £ 12
windowin AF11(dashedpsa functionof their (assumed
uniform)densitypersquae degreg if nospecialwindow-
ing positioningstrategy were applied.

We could thusbe in a circumstancewvherea staris ob-
sened, detectedbut not windowed becauseof overlap-
ping. Althoughsinglestarsonly areconsideredn thisar

gumenttheproblemappliesall the moreto doublestars.
The selectionprogramneedshusto ensurethat mostof

thedetectedbjectscanreceive awindow.

Taking into accountthe various sizesof the windows

with respecto magnitudethe priority to magnitudeand
the limited numberof samplesper line, the window-

ing/selectionalgorithm has becomeincreasinglycom-

plex. Moreover, the processingoeing performedunder
stringentreal-timeconstraintsthe choiceof thewindows

must be done on a local scale,with no possibility of

changingthe previouswindow assignments- this would

back-propagtethecon ict. Additionally, the processing
cannotmalke useof animagein memoryof the pixels

linesin orderto simulatethe areascoveredby windows,

aswasdonein a rst versionof the selectionalgorithm
(Cira& Arenou2002),asthe TDI motionwouldimply a

muchtoo demandingddressingost.

Maximisingthenumberof obsenationsin crowded elds
or for multiple systemsij.e., the scienti ¢ return, while
respectinghesetechnicalconstraintshasbeenachieved
using several simple ideas: favouring overlappingwin-
dows (without overlappingsamples,as can be donein
AF1), allowing to slightly shift the windows (by a few
pixels only) with respecto its normal position, allocat-
ing on-the- y windows of smallersizewhennormalwin-
dows would not t (AF11, BBP), or tiling several short
windaws to cover multiple systems.A new selectional-
gorithm hasbeenwritten (Chaussar®003), allowing a
possiblemulti-threadedapproachand implementingall
the compleity outlined above — at the expenseof the
computingtime.
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3.5. Payload Data Handling Study

The Gaia Payload Data Handling Electronics (PDHE)
contractaims at designingthe implementatiorarchitec-
ture for the Payload Data Handling Systemand to de-
veloparepresentatie breadboarqArmbruster2001).

Themaingoalof thisactvity is thusto sizethe electron-
ics soasto handlethemaximumobjectdensityin contin-
uousmode. It startedearly 2003andthe analysisof the
Pyxis performancesoonshaved that the plannedcom-
putationalresourcesvould not be sufcient. A mixed
hardware (for pixel processingpandsoftware (for object
processing)implementationwas rst ervisagedwhich

leadto anin ection of the Pyxis software development
(see Section3.6). While there were no special prob-
lemsfor mostof the sky, it wasclearthattherewerenot
enoughCPUresourcesincludingthe needednain, for

themaximumdensityto be handled.

This contracthasnow enteredits secondphase:imple-
mentationon the breadboardnda full softwaresolution
on afasterprocessohasbeenadoptedasbaseline Pyxis
is beingoptimisedsothatarepresentate estimateof the
on-boardperformancesnaybeachie/ed.

3.6. Pyxis Software

Pyxig’ is thesoftwarepackagealevelopedor thedatapro-
cessingon-boardGaia. The Pyxis packageencompasses
the detection(GD), selection,windowing, propagtion
andcross-matchinglgorithmsaswell asatestenviron-
mentusedin the Astro and Spectroinstrumentslts dual
useis the evaluationof theresourceseededor the Pay-
loadDataHandlingElectronicscontract{Section3.5)and
the simulationof thescienti ¢ outputfor the GaiaGIBIS
simulator(Bahkusiaux2002).

With the rst industrialanalysisreceved in April 2003
anddiscussion®n alternatve algorithms(Arenouet al.
2003b)it becameclearthat it would be dif cult to im-
plementthe algorithmsasthey stoodwithin the frame-
work of the foreseeron-boarddatahandlingresources-
namelyto be able to handlethe maximum objectden-
sity in continuousmode. Besideachiezing much im-
proved stability andef ciency, mostof the development
have thusfocusedon easingmigrationtowardsa mixed
hardware/softvareimplementation.In-depthanalysisof
the algorithmsled to a thoroughrewrite adaptedo the
target architecture: the hardware part would deal with
pixel-basedperationswhile theobject-basedperations
would bedonein software. Demonstratinghe feasibility
of the pixel-basedperationshasled to designingorigi-
nal methodsdevotedto the connected-componesearch
(Mignot 2003b) or to the deblendingschemefor over
lapping componentgMignot 2003c). A fastestimation

2Pyxisis a constellatiorof the Southerrhemispheralsoknown as
the "Compass',i.e., the instrumentwhich shavs the way, one of the
functionsof the on-boardsoftwarethroughthe satellitespeedneasure-
ment. Thenew Latin word Pyxiscomesfrom the GreekPuxis(box) and
standshereasareferenceo thepixel boxestransmittecby theon-board
software. The constellatiorPyxis wasnamedby the Paris Obsenatory
astronomeNicolasLouis deLa Caille.
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of sky backgrounchasalsobeendevised (Arenouet al.
2003a).Finally, thesoftwarewasextensiely reviewedin
orderto provide arealisticapproximatiorof on-boardp-
eration:datatypesweretightly adjustedo suittheunder
lying scienti ¢ requirementssimplelogic andlow-level
implementationhave beenintroducedwherever a hard-
ware implementationrmight be used,as have threadsto
fully specifythe degreeof interdependencef sub-tasks
and emulatehardware-basegrocessing. Iterationsbe-
tweenthe industrialimplementationanalysesand their
evaluation(Mignot & Arenou2003)for possibletrade-
offs arestill on-going.All theseefforts aim ataltogether
limiting the complity on the pixel side, ensuringthat
thedata o ws onthe objectsidearereducedandprovid-
ing a realisticframevork for both estimatingneededn-
boardresourcesndexpressingscienti ¢ requirement.

While,in a rst steptheanalysesnddevelopmentson-
cernedmostly the Astro instrument,a growing involve-
ment now occursfor the sky mappersof the Spectro
instrument. Whereasthe detectionand selectionalgo-
rithms are developedwith the goal to implementthem
also for the SpectroSky Mappersprocessingthe role
of the SSMthemseleshadto bere ned. The dualrole
of SSMsfor further selectionof spectraandmoving ob-
jects (NEO/KBO) detection(Chéreau2003) hasled to
thedevelopmenbf adedicatecdtross-matchinglgorithm
Chéreau(2004).

Besidethe evaluation of the processingoad on-board,
thedevelopedalgorithmsaredirectly implementedn the
GIBIS pixel simulator(Bahusiaux2005)andusedfor the
assessmerdf the scienti ¢ performancesArenouet al.

(2003c),for instancecompareGD to variousotheralgo-
rithms. As theseperformance$ave to be usedfor fur-

ther evaluationsof telemetry o w and databaseontent,
asimpli ed modelandtheassociatedodehave beende-
veloped mostlyfor usewithin the GASSGaiasimulator
(Arenou& Lim 2003).

4. RESULTS

4.1. DetectionRate

Themaingeneralkcienti ¢ objective is completenesdn

an averagedensity eld, the detectioncompletenesst
magnitude20 is easyto achiese (Figure 3) andthe cen-
troiding precision(Figure 3) permitsto controlthe satel-
lite's attitude. In the maximumassumedlensity beside
small numbersstatisticalvariations,an 85% complete-
nesscanbeachiered (Figure5).

The GD detectionalgorithm usestwo thresholds. The
rst oneTpix testsif apixel is abose the noiselevel and
asecondhresholdTy,; decidesvhetheranobjectmade
of suchconnectegixelsis abore noise. Thetwo thresh-
oldshave beenchosersoasto ensurethatthe numberof

falsenegative (undetectedjs minimisedfor a numberof

falsepositive (falsedetections)essthanl for onemillion

samples Becausef the presencef a con rmation step
we could afford a muchlarger numberof falsepositive,
sotheindicateddetectiorrateis alsoconserative.
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Figure 3. Percentaye of detectionas a function of mag-
nitudein the ASMfor a simulatedaverage stellar density
eld.
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Figure 4. Precisionof the on-boad centioiding in the
AstrometricSky Mappess for an aveiage density eld.
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Figure 5. Percentaye of detectionas a function of mag-

nitudein the ASMfor the Baadewindow Thesimulated
image hasbeenobtainedwith a scannedHSTimage, du-

plicated AC to coveran ASMCCD. Thedensityis about
4 million stars per squae degrees,larger thanthe maxi-
mumassumedlensityfor the on-boad processing

As canbe expectedfrom the muchhigherapparentien-
sity andfrom the muchhigherlevel of sky background,
completenesgannot be achieved in the Spectro Sky
Mappersin a fraction of the Galacticplane (Figures6
and7). After the detectionstep,the fraction of obsened
objectsis further reduced,due to the windowing step.
Dependingon the implementedcomplity at this step
(from no specialwindowing to positioningfeatures,as
describedat Section3.4), the total (cumulatve) fraction
of con rmed, windowed objectscan vary between6%
and25% of GS < 20.150bjectsin a 400 000 starsper
squaradegree eld. Thisillustratesthegainwhichcanbe
achieved with the windowing algorithmif enoughsam-
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Figure 6. Percentaye of detectionin SSMfor a 100000
stars per squae degreedensityat GS = 20:15.
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Figure 7. Percentaye of detectionin SSMfor a 400000
stars per squae dggreedensityat GS = 20.15.
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plesperline areavailable. As for the undetecteabjects,
mostwill neverthelesdbeknown from the Astro obsera-
tions.

Severalotherpointsareworth noting: rst, completeness
shouldnot be evaluatedon a single transitbecausehe
varioustransitswith different orientationsallow to se-
lecton onetransitwhathasnot beenselectedn another;
animproved completeneswiill resultbut with areduced
numberof measurementsSecond the quotedpercent-
agerefersto acomparisorbetweerinput starsanddetec-
tions accountingfor only one (the brightest)of possibly
multiple componentsfor closedoublestars,the fainter
secondarywould alsobe windowed, thoughit is not ac-
countedfor here. Third, the presenceof multiple sys-
temsmay well accountfor the apparentdegradationof
thecentroidingprecision;however, whatis importanton-
boardis to constrainthe satellites attitude,throughthe
comparisorbetweerndetectionrandcon rmation centroid
measurementyvhich shouldremainconsistenteven for
multiple systems;besides statisticalrobustnesawill be
introducedfor this comparison.

4.2. Double Starsin Astro

Becauseof the particular attentiondevoted to the ob-
senation of doubleandmultiple stars(including optical
doublesn crowded elds) theperformancesf thedetec-
tion is worth mentioninghere. They areshowvn in Fig-
ures8 and9. Thereis a clearimprovementcompared
to the SWA peak nding algorithm (Figure 10). The
improvementis even more notevorthy comparedo the
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Figure 8. Detectionprobability (%) of doublestars asa
function of angular sepaation (arcsec)and orientation
(deg) betweencomponentdgor a uniform distribution of
magnitudedifferencesand primary magnitude Therect-
angularangularshapeof the pixel explainsthelower de-
tectionprobability whencomponentare alignedAC.
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Figure 9. Detectionprobability (%) of doublestars asa
functionof sepaation and magnitudedifferencebetween
component$or a uniformdistribution of orientationand
primary magnitude with the GD algorithm.
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Figure 10. Detectionprobability (%) of doublestars asa
functionof sepaation and magnitudedifferencebetween
componentsvith the SWA peak nding algorithm.

othertypical detectionalgorithmsusedin the astronom-
ical community ratherlogically as GD and SWA have
beenimprovedfor the Gaiacase.

To know how thisimpactsonthe Astro telemetrybudget,
it is however of interestto translatethesedetectionprob-
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abilities into fractionsof measurementsisingfor this a
binarymodel(Soderhjelm2004).1t is expectedhatabout
5% of starswill beresohedbinarieswith aseparatiorand
magnitudaifferencewithin thelimits shavn in Figure9,

andto which the shavn detectionprobability shouldbe
applied. More relevant however is the numberof obser

vationswhich would be binarieswith G < 20 primaries
with a window con ict in AF1, andwherethe compo-
nentshave a separationarger than 2 pixels AL or AC,

otherwisea single window would not be a problem. It

is expectedthat about3.5% of obsenationswould bein

this caseandabout0.6%detectedccurrencesn-board.
This hasto be comparedo whatis expectedfor optical
doublesatmagnitude20, about0.5%. TheLow detection
rate for binariesis dueto the secondarytoo faint to be
detected Whenprimariesbrighterthan16 arenow con-
sidered,about2% of obsenationsmay be binarieswith

window con ict in AF1-10detectedn-board.

5. CONCLUSION

The Gaiacornerstonanissionprovidesa real challenge,
not only for the datareduction, but alreadyon board.
The compl«ity of the sky, addedto the numerousin-

strumentatonstraintsgemandsdedicatecandcomple

on-boarddatahandling.

Thesoftwaredevelopmenbf thescienti ¢ algorithmshas
now reachedanencouragingnaturity sevenyearsbefore
Gaialaunch,thanksto the¥ 8 (wo)man-yeadevotedup
to now.

On-goingstudiesanddevelopmentarerelatedto re ning
the setof measurementndassociateanethodsn order
to nely adjustthe software part, performclassi cation,
andimplementstar/ cosmicray discriminationcapabili-
tiesaswell ascon rmation. Apart from furtheradapting
the softwareto the varioustechnicalandprocessingon-
straintswhile maintainingor increasinghescienti ¢ re-
turn, thegenerahkim of the Pyxis on-boarddatahandling
developmentremainsto provide a complete, robustand
accuratemodel of objectmanagemenin the Astro and
Spectrdfocal planes.
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