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Abstract

Asteroidsareremnantsof thematerialfrom which theSo-
lar Systemformed. Fragmentsof asteroids,in the form of
meteorites,includesamplesof the�rst solidmatterto form
in ourSolarSystem4.5miayearsago.Spectroscopicstud-
ies of asteroidsshow that they, like the meteorites,range
from very primitive objectsto highly evolvedsmallEarth-
like planetsthat di� erentiatedinto coremantleandcrust.
The asteroidbelt displayssystematicvariationsin abun-
danceof asteroidtypesfrom themoreevolvedtypesin the
innerbelt to themoreprimitiveobjectsin theouterreaches
of thebelt thusbridgingthegapbetweentheinnerevolved
apartof the Solar Systemand the outer primitive part of
theSolarSystem.High-speedcollisionsbetweenasteroids
aregraduallyresultingin their break-up.Thesizedistribu-
tion of kilometer-sizedasteroidsimplies that thepresently
un-detectedpopulationof sub-kilometerasteroidsfar out-
numbertheknown largerobjects.Sub-kilometerasteroids
are expectedto provide uniqueinsight into the evolution
of the asteroidbelt and to the meteorite-asteroidconnec-
tion. We proposea spacemissionto detectandcharacter-
izesub-kilometerasteroidsbetweenJupiterandVenus.The
missionis namedBeringafterthefamousnavigatorandex-
plorerVitus Bering. A key featureof themissionis anad-
vancedpayloadpackage,providing full onboardautonomy
of bothobjectdetectionandtracking,which is requiredin
orderto studyfastmoving objectsin deepspace.The au-
tonomy hasthe addedadvantageof reducingthe cost of
runningthe missionto a minimum, thusenablingscience
to focuson themainobjectives.

1. Introduction
Ourpresentunderstandingof asteroidsandtheirorbitsis al-
mostentirelybasedon surveys of main-beltasteroidswith
diameterslarger than 10 km. Ground basedtelescopes
cannotdetectsmallerobjectsexceptwithin the immediate
vicinity of Earthandnospacecrafthas,sofar, detectedany
previously unknown asteroids. Despitethe fact that sev-
eral spacecraftsto date,statistically, musthave passedby
smallerasteroids,the technologyemployed in theseves-
selshasnot held the capabilityof detectingtheseobjects.
Thereforesuchencountershave goneunnoticedby. Re-
centdevelopmentin the autonomyof space-borneimage-

Figure 1. A fragmentof the carbonaceouschondrite Al-
lendethat fell in Mexico in 1969. The meteoriteis com-
posedof dark �ne graineddust,mm-sizedsphericalinclu-
sions(chondrules)and white inclusionsknowas calcium-
aluminum-rich inclusions(CAIs). TheCAIs formed4567
My agoandaretheoldestknownsolidsformedin theSolar
System.Carbonaceouschondritesprobablyoriginatefrom
C-typeasteroidswhich arecommonin theoutermain-belt.

andcomputer-technologyhaschangedthis,sothatit is now
possibleto detect,classifyandobserveduringanencounter
with asmallasteroid.

The sub-kilometerobjectsbetweenJupiterand Venus,in
particularthe Near-Earth Asteroids(NEAs), areexpected
to �ll thegapbetweenthemeteoritesthatwe have studied
in very greatdetail in the laboratoryandtheir largeparent
asteroidsin the main belt that may be studiedwith Earth-
basedtelescopes.The meteoriteshave beenknocked o�
theirparentasteroidsthroughimpacts.Theseimpactsdeliv-
eredfragmentsin a largerangeof sizes.Streamsof small
asteroidsare connectedto parentasteroidsvia dynamical
mechanismsresponsiblefor the transferof materialto the
innerSolarSystem[1].

Meteoritesarehighly diversegeologicalsamplesof aster-
oids, theMoon andMars. They rangefrom very primitive
samplesof the�rst solidsto form in theSolarSystem(Fig.
1) to highly evolvedsamplesof di� erentiatedplanetaryob-
jects.Thelatterincludeiron meteoritesfrom asteroidmetal



coresresemblingthe coreof the Earthandbasalticmete-
oritesfrom thesurfacesof asteroidsthathadanactive vol-
canicactivity morethan4 billion yearsago.Studiesof me-
teoritesprovidedetailedinformationaboutthechronologi-
cal,geochemicalandgeologicalevolutionof theearlySolar
System.But unlikegeologicalsamplesfrom theEarth,me-
teoritesaredeliveredwithoutany informationabouttheset-
ting of thesamplingsite.Smallasteroids,which represents
fragmentsof asteroidcollisionsin therecentpast,probably
have fresh surfaceswith minimal regolith cover andwith
minimal exposureto cosmicrays,hencewith a surfacethat
is morerepresentativeof theinterior. Fragmentsin theform
of meteoritesmaythereforemoreeasilybe linkedto small
asteroidsthan large asteroidswith highly evolved surface
properties.

Thesmallasteroidsarethereforevital for ourunderstanding
of masstransportationin theinnerSolarSystem,aswell as
for providing a �rm basisfor the dynamicalandphysical
relationbetweenmeteorites,NEAs and the asteroidmain
belt. For a thoroughdiscussiononasteroidresearchseethe
bookby Bottkeet al. [2].

The Bering missionwill consistof two fully autonomous
spacecraftswhich detectstheasteroids,determinetheir or-
bital parameters,light curve and spectralcharacteristics.
Thetwo spacecraftswill beidenticaland�y in a loosefor-
mation.Thespacingbetweenthetwo probesmakeit possi-
bleto determinetheorbitalparametersof theasteroid.Each
probewill beableto provide autonomousdetection,track-
ing, mappingandephemerisestimationof asteroids.The
autonomousinstrumentationalsoincludeautomaticlinkup
with Earth and inter spacecraftcommunication. The au-
tonomousoperationsof theinstrumentsarecenteredon the
AdvancedStellarCompass[3].

The Bering missionwill consistof two fully autonomous
spacecraftswhich detectstheasteroids,determinetheir or-
bital parameters,light curveandspectralcharacteristics.A
laserrangerwill be usedto keeptrack of the relative po-
sitions of the two spacecraft. Simultaneousobservations
from bothspacecraftwill allow us to accuratelydetermine
thedistanceto detectedobjectsandthusmakeit possibleto
determinetheorbital parametersof objectsthatarequickly
passingout of view. Theautonomousinstrumentationalso
include automaticlinkup with Earth and inter spacecraft
communication.Theautonomousoperationsof the instru-
mentsarecenteredon the AdvancedStellarCompass,cf.
[3], [4] and[5].

2. Asteroidsandmeteorites
We havevery little informationon theabundanceandchar-
acteristicsof objectssmaller than about1 km except for
thosethathave beenobservedin the immediatevicinity of
Earth.Thepowerlaw distributionof asteroidsizessuggests
thatobjectssmallerthan1 km areveryabundant,seeFig.2.

Within theasteroidbeltwehavenoinformationaboutthese
objects,sincethey cannotbe observed from Earthandno
spacecrafthavebeenactively looking for them.

Theorbitsof thesesmallobjectscanbeperturbedby phys-
ical processesin theasteroidmainbelt, suchascollisions.
Sinceany fragmentationprocesstendsto generatepower
law size distributions of the fragmentswe shouldnot be
surprisedto seethatthesizedistributionof asteroidsfollow

Figure 2. Ninedi� erentestimatesof themain-beltasteroid
sizedistribution. Thesmallsizedistribution is obtainedby
extrapolatingtheobservedlarge sizetrends. Figure taken
from[6].

a power law distribution. Thereis, however, reasonto be-
lievethattheverysmallestasteroidsarelessabundantin the
main belt thana simpleextrapolationof the datafrom the
largerasteroidswould suggest.Smallerasteroidsaremore
easilyin�uencedby theYarkovsky e� ect1 [7] andmaythus
be removed from the belt on a shortertime scalethanthe
largerasteroids.Still smallerfragmentsmayberemovedas
a consequenceof thePoynting-Robertsone� ect2. A direct
measurementof thesizedistributionwouldallow usto gain
evidenceof thesephysicalmechanisms,andhow they may
have in�uencedthedevelopmentof themainbelt.

Meteoritesare fragmentsof approximately150 di� erent
mainbelt asteroids.Sincemeteoritesarewell studiedrep-
resentativesof theabundantlow masstail of theobjectsthat
impactonEarth,abetterunderstandingof theirorigin in the
asteroidbelt andtheir subsequentorbital evolution will al-
low usto betterunderstandthetransferof objectsfrom the
mainbelt to theNEA population.Detailedstudiesof mete-
oritesallow us to determineageconstraintsfor thedisrup-
tionsof theirparentasteroidsandthesubsequenttransferof
fragmentsto theinnerSolarSystem.

Asteroidphotometryshows that asteroidsarevery diverse
in termsof surfacemineralogy. The variation is equiva-
lent to thevariationobservedamongmeteoritesalthougha
nearexactmatchbetweenthespectrumof an asteroidand
a groupof meteoritesis extremelydi� cult to �nd. Possi-
ble reasonsfor thedi� erencesbetweenre�ectancespectra
of asteroidsandmeteoritesinclude�ne graineddustcover
on asteroids,micro meteoriteimpactson asteroidsandex-
posureto cosmicradiation. Changesof the asteroidsre-
�ectance spectrumdue to thesepoorly characterizedpro-
cessesarereferredto asspaceweathering.Only in onecase
hasit beenpossibleto establisha reasonablygoodcasefor

1Thee� ectof its rotationonthepathof asmallobjectorbitingtheSun.
Rotationcausesa temperaturevariation,so thermalenergy is re-radiated
anisotropically.

2Thee� ectof solarradiationon smallobjectsorbiting theSun,which
causesthem to spiral slowly in. The object absorbsolar energy that is
streamingout radially, but re-radiateenergy equallyin all directions.As a
consequencethereis a reductionin thekinetic energy, andthusin orbital
velocity, whichhasthee� ectof reducingthesizeof theorbit.
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Figure 3. Variations in thedistanceto Earth asa function
of timeof theNear-EarthAsteroid 2002NY31.Epoch of the
�gur e is June10,2003= JD 2452800.5.

aspeci�c asteroid-meteoriterelationship.Theuniquespec-
trum of the basalticsurfaceof 4 Vestamakesit the prime
candidatefor about400 igneousmeteoritesknown as the
HED meteorites. Thereis considerableinterestin estab-
lishing links betweenothergroupsof meteoritesandtheir
parentasteroids.

Unlike thelargerasteroidsstudiedfrom spacesofar, small
objectsareexpectedto have youngsurfaces,andtheir sur-
facesarethereforerepresentative of their interior. A long-
standingdebatehasbeentherelationshipbetweenthesili-
caceous(S-type)asteroidsandtheordinarychondritemete-
orites. Di� erencesin spectralcharacteristicshave beenat-
tributedto a poorly constrainedspaceweatheringprocess.
Sincesmall asteroidsprobablyhave smallerlife timesand
lessgravity weshouldexpectthemtohaveyoungersurfaces
that have beenexposedto spaceweatheringfor a shorter
periodof time. Also the lower gravity shouldreducethe
build-up of a regolith coveron their surfacesthatmayhide
geologicunitsunderneath.Bothof thesee� ectswill makea
comparisonwith spectralcharacteristicsof meteoritesand
other materialseasier. Dataon the orbital distribution of
objectswith spectralcharacteristicssimilar to a group of
meteoritesmay provide new constraintson the meteorite-
asteroidrelationship.

3. Detectionof asteroids
A numberof thingsdistinguishthe brightnessof an aster-
oid from thatof a distantstar. Wheretheemittedradiation
from a staris dueto internalnuclearprocesses,thebright-
nessof anasteroidentirelydependson re�ectedsunlightin
termsof the illuminatedarea,aswell asthe albedo. This
implies a dependency on the distancesasteroid-observer
andasteroid-Sunaswell asthephaseangle. In total 5 pa-
rametersare neededto describethe brightnessvariations,
of which 3 parametershave an explicit time dependency.
Thus,evenfor aconstantdistancebetweenanobserverand
the asteroid,the brightnesswill vary due to the changing
distanceto theSun,quitea di� erentsituationfrom observ-
ing remotestars.In addition,asteroidsareobjectsmoving
with velocitiesof thesameorderof magnitudeastheEarth,
with distancesto the Sunat the sameorderof magnitude

18.5

19

19.5

20

20.5

21

21.5

22

22.5

23

23.5

24

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

M
ag

ni
tu

de
 m

V

Time (days)

Figure4. Variationsin theV-magnitude(mV) asa function
of timeof theNear-Earth Asteroid 2002NY31asseenfrom
Earth. Epochof the�gur eisJune10,2003= JD2452800.5.
Theabsolutemagnitudeof this objectis H = 17:3, corre-
spondingto a diameterof around1 km.

asthedistanceSun-Earth.This introducesbrightnessvari-
ations,which arenot presentfor distantself-luminousob-
jects.Examplesof thesevariationsareillustratedin Figs.3
and4.

Dueto theeccentricityof e = 0:55 of 2002NY31, thedis-
tanceto the Earthshows a very large variationover time,
in termsof repeatedperiodicvariations.This behavior di-
rectly in�uence theV-magnitude(mV) asseenfrom Earth.
It is seen(Fig.4) thatthebrightnesspeaksseemsto fall out
from a faint backgroundmagnitude,and that only within
constrainedregions is the object observable from a tele-
scopewith a givenmagnitudelimit.

Thesevariationsaredependenton the mentionedphysical
and geometricparameters,so the smallerthe objects,the
more restrictedare the favorableperiodsof observability.
An example3 of this canbefoundin Figs.5 and6

The syntheticobjectin these�gures hasan absolutemag-
nitudeof H = 32:7, correspondingto a diameterof around
1 m. It is seen,thatupona closeapproachto theEarth,the
magnitudedecreasesdrastically, from a backgroundlevel
above mV = 30 to a suddenbrightnessof aroundmV = 15.
It is alsonoticedthat the brightnesspeakis very sharp,in
fact theobjectmagnitudeis below mV = 20 for merely4.8
hours.For a telescopewith a givenmagnitudelimit, these
objectsareonly observableduringtheoccurrenceof sucha
brightnesspeak,unlessthe telescopeis ableto reachvery
faint magnitudesi.e. mV = 30. In addition,thebrightness
peakmustappearwhile theobjectis within the�eld of view
of the observer. In practice,a survey telescopemustcon-
stantlymonitorthewholesky in ordernotto misstheobject
dueto theshorttime of visibility.

An obstacle,comparedto the traditional way of making
groundbasedobservations,is that during onenight, each
�eld of sky will typically only beimagedonetime asa se-
riesof threeor moreshortexposures,andthereductionof

3Thesyntheticobjecthastheorbital parametersa = 1:00583363,e =
0:04361874,i = 23:00978088,
 = 29:24312401,! = 89:19306946,
M = 67:975616464,epoch= JD2452000:5, H = 32:70, slopeparameter
G = 0:32.
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Figure 5. Distanceto Earth of a syntheticNEA over 400
days.Theresolutionis 0.02days= 28.8minutes.The�gur e
wasobtainedusingmodi�cations to the SWIFTintegrator
[8], seealso[9] for more details.

the imageswill be doneduring the following day or days.
Due to the transientnatureof the brightnesspeakof the
small asteroids,the imagereductionwould however have
to be donereal time, in order to detectthe object imme-
diately, and initiate follow-up observationsfor a veri�ca-
tion. A groundbasedfast-responsesurvey hasbeenpro-
posed[10], however with a per-night datareductionit is
still remotefrom a realtimesolution.

Thereis anadditionalobstaclethatmustbeovercome.For
sub-meterobjects,the brightnesspeaksonly occursupon
very closeapproachto the observer. This means,that the
angularvelocityrelativeto theobserverbecomesverylarge,
for the shown exampleit is of the orderof a few hundred
” /sec. A groundbasedobserver, usinga survey telescope,
will typically needto makeanoptimizationof theexposure
time involving thepixel size,theseeing,theastrometricac-
curacy and the angularvelocity of the objectsof interest.
Typically, a survey using a large telescopegoing to faint
magnitudes,will make useof a seriesof 60s–120s expo-
sures.Due to the largeradial velocity, thesignalfrom the
object will be smearedout on the detector(trailing loss).
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Figure6. Variationsin theV-magnitude(mV) of a synthetic
NEAasseenfromEarth. SeeFig.5 andtext for details.

In fact, in order to reacha resolutionaround1” for the
fast-moving objects,a typical survey telescopewould be
restrictedto exposuretimesarounda hundredthof a sec-
ond,presumablyposingheavy demandsregardingthesize
of thetelescope.

Outsidethe brightnesspeak,the object is moving with an
angularvelocityof afew ” /min, soevenfor atelescopeable
to reachmV = 30, theexposuretime would beconstrained
to 60–120s.

In summary, a survey telescopetrying to detectthesesmall
asteroidsmustbecapableof anall-sky monitoring,ableto
performrealtimedataanalysis,andabletohandlefastmov-
ing objects. The alternative would be a telescopeable to
reachmV = 30, or beyond,with exposuretimesper image
framelimited to a few minutes. For the latter option, our
conjectureis that sucha telescopeis currentlynot techno-
logically feasible. For the �rst option,we proposeBering
asa solutionto meettheserequirementsin termsof theau-
tonomyandtheapplicationof the AdvancedStellarCom-
pass.In additionto thesimpleobjectdetection,discussedin
theabove,Beringalsoprovidesthepossibilityof perform-
ing spectroscopy/photometryof the feasibleobjects,thus
addinganotherdimensionof performancein comparisonto
groundbasedobservations.

4. Missionpro®lerequirements
For the reasonsoutlinedabove, the main goal of the pro-
posedBeringmissionis to detectandcharacterizeasizable
amountof sub-kilometerobjectsfrom space.This will be
the �rst systematicsurvey of sub-kilometerobjectsin the
SolarSystem.Thenumbersdetectedneedto besu� ciently
high thatthedistributionof smallobjectswith similarspec-
tral characteristicsandthereforepotentiallyidenticalparent
asteroidmaybeestablishedthroughoutthemainbelt.

Due to the transientvisibility variations,the probesmust
detectthe objectsand guide the scienceinstrumentsin a
fully automatedprocess.

The two spacecraftswill eachcarry an AdvancedStellar
Compass(ASC)systemwith 7 cameraheads,afolding mir-
ror basedmulti-spectraltelescopeimager, magnetometers
anda laser-ranger. Theseinstrumentswill make it possi-
ble to obtainorbital parameters,light curves,rotationstate,
surfacecomposition,andin somecasesalbedo,size,high
quality images,massandmagneticproperties,cf. [12].

In orderto determinethedistributionanddynamicsof small
objectsandtheir links to the NEA populationwe needto
detectobjectsin the main asteroidbelt as well as inside
the Earthsorbit. The objectswithin the meanmotion res-
onancesin the asteroidbelt that are either alreadyNEAs
or arebecomingNEAs within a short time frame,gener-
ally have aphelionwithin themainbelt andspendmostof
their time outsidethe Earthorbit. We thereforeproposea
missionpro�le that would give us dataon the distribution
of small objectsall the way from 0.7 AU to 3.5 AUs, see
Fig.7. Suchanorbit canbeachievedwith a singleunpow-
eredgravity assistmaneuver from Venuswhereasthe � V
requiredto reachVenuscould be delivereddirectly by the
launcher, whichcouldbeof theSoyuz class.

For eachdetectedobjectweproposeto automaticallydeter-
mine:



Figure 7. Missionpro�le . Planetand asteroid orbits are
showncircular andcoplanarfor simplicity. The�gur ealso
showthepositionsof EarthandVenusduringthe�r stphase
of themissionandit assumesa �y-by at thesecondpassage
of theperihelion(1.5period).

- Theheliocentricposition,andvelocityvectorof the
object.

- Multicolor photometryof there�ectedlight from the
objectin the350-2200nmrange.

- Thelight curveof theobjectandtherebyits rotation
period.

For a few selectedlarger objectswe furthermorepropose
to:
- Recordmulticolor imagesof thesurface.
- Determinethemassandmagneticmomentof theobject.

The datawill allow us to determinea currentorbit for the
object.With adetectionatmV = 9 for theAdvancedStellar
Compassanda detectionlimit of mV = 25 for the multi-
color imagerwe will be ableto follow the objectout to a
distanceof approximately1500timesthedistancewhereit
wasdetected.Dependingon the geometryandthe sizeof
the object this will typically allow us to follow the object
for daysto weeksanddeterminehigh precisionorbital pa-
rametersfor a large fractionof theorbital arc. The orbital
datawill alsoallow us to determinetheobjectspositionin
orbital spaceandits proximity to resonancesand/or other
asteroidsor asteroidfamilieswith similar spectralcharac-
teristicsanddynamicalcharacteristics.

Thephotometrywill allow usto determinethespectraltype
of theobject.Thiswill make it possiblefor usto determine
its relationshipwith otherasteroidsand/or groupsof mete-
oriteswith similar mineralogy. Ultimately, we will attempt
to backtracktheobjectto its parentasteroid

Theability to detectobjectsdown to mV = 25 from within
theasteroidbeltwith themulticolor imagermayalsobeuti-
lized to furtherconstrainthedensityof smallobjects.In a
few campaignswe proposeto makea seriesof frameswith
eithersubsequentonboardprocessingor dataprocessingon
Earth.This will allow usto determinethenumberof aster-
oidal objectsin eachframe,goingto very faintobjects.Al-
thoughthesize-distancerelationshipcannotbedetermined
onthebasisof afew framesthesedatamaybeusedto check
predictionsbasedonmodelsof thedistributionof asteroids.

Figure 8. Artistic impressionof theBeringpreliminaryde-
sign.

5. Objectdetectionrate
Therequirementto thenumberof objectsBeringwouldde-
tectperunit of time is importantto quantizebothdueto the
scienti�c feasibilityestimate,aswell asto formulatethede-
signrequirementsof Bering.Dueto thecomplex variations
in brightness,this is not trivial to estimate.

For anobservermoving in aninertialframe,it wouldmaybe
bepossibleto estimatethe�ux of objectsthroughthedetec-
tion sphereof Bering. However, dueto the propermotion
of Bering,anddueto thestrongdependency on geometry,
it becomesa morecomplex taskto evaluatethe�ux of ob-
jects. A possibleapproachcouldbe to apply theestimates
of collision ratesin theasteroidbelt [11], howeverfor ade-
tailedexaminationof theBeringmissionpro�le, we needa
moredirectapproach[9].

6. Spacecraftdesign
The Bering spacecraftshave to possessa high degreeof
autonomysinceat a distanceof 3 AU the closedloop to
Earthis about48 min. Theautonomymustencompassall
everydayroutines,suchasobjectdetection,classi�cation,
tracking and initial dataacquisition. An overview of the
payloadis providedin Table1.

The core autonomyof the proposedmission is centered
on the AutonomousStellar Compass(ASC), a fully au-
tonomouslyoperationstartracker [3]. TheASC consistof
a powerful microcomputerwith searchengineandstarcat-
alog, with several cameraheadsattached,typically two to
four. Eachcameraheadwill acquirean imageof thenight
sky in theField Of View (FOV) two timespersecondand
passon thedigital imageto thedataprocessor, see[5].

Sinceall luminousobjectsabove theselectedthresholdare
detected,nonstellarsuchasgalaxies,nebulae,othersatel-
lites andasteroidsarealsoautonomouslypickedout. They
areidenti�ed asluminousobjectsbrighterthanthe thresh-
old, with no matchingobjectin thestarcatalog.Sincethe
ASC hasestablishedthe attitudeof the imagein question,
theapparentpositionof theobjectis establishedwith high



Table1. Scienti�c payload.

Instrument Science Mission
support

Advanced Detectionof Additudeand
Stellar asteroids navigation
Compass

Multiband Surfacecomposition, Location
Imaging rotationandspatial of sister
System extendof asteroid, spacecraft

accurateapparent
positionof target

Laser Exactdistanceto Rangingof
Ranger closeasteroids sisterspace-

craft

Magnetometer Magneticproperties, Solar
Probes gravity estimateof pressure

asteroidandthereby estimation
massanddensity

accuracy. Typically theinstantpositiondeterminationis in
the rangeof 3 arc seconds,but sincethe ASC updatethe
measurementper cameratwice per second,averagingwill
bring theaccuracy to thesub-arcsecondlevel in amatterof
seconds.In this way, the entireFOV is searchedfor non-
stellarobjects.SincetheFOV covers1%of theentirenight
sky, a scanningoperationof thespacecraftwill have to be
employed.We planto arrange7 cameraheadsonboardthe
spacecraft,wherebyalmost100%sky coverageis guaran-
teedata spinrateof onceperhour.

The non-stellarobjectsareenteredinto a database.When
the sameareaof the night sky is revisited after one rota-
tion periodof the spacecraft,the apparentpositionof the
objectsareestablishedagain. Any object thusshowing a
propermotionabovethemeasurementnoiseis movedto an
asteroidcandidatelist for furtherinvestigations[13].

The mainscienceinstrumenton theproposedmissionis a
multi-bandimagingtelescope,seeFig.8 and[5]. Thetele-
scopemight have a focal length of 1 m, and an entrance
pupil of about0.3m. To compensatefor thespacecraftro-
tation andto allow for fast tracking,the telescopeis �tted
with a folding mirror. To enablefastandaccuratetracking
of a target, the telescopeis furthermoreequippedwith an
ASCcamera,mountedonthebackof thesecondarymirror.
TheASCcameraandthetelescopeopticalaxesareapproxi-
matelyparallel.Fromsimultaneousimagesof thenightsky,
therelative orientationof thetelescopeto theASC camera
is easilyestablishedwith highaccuracy.

When the ASC hasdetecteda Sunorbiting body, the ap-
parentinertial positionof thebodyis measuredandpassed
onto themainonboardprocessor, thatataconvenienttime,
points the telescopeat the target. This pointing is greatly
facilitatedby the ASC camerathat is co-alignedwith the
telescope,cf.[12] and[5]. Themulti-spectralimagerserves
multiple functionstoo. Its main objective is to character-

ize the target throughspectralanalysisandto obtainhigh
�delity multispectralscienceimages.However, throughthe
guideinformationfrom theASC, thestarsin thetelescope
imageareanalyzed,wherebyanextremelyaccurateappar-
entpositionof thetargetis found.Thisprocedureallowsthe
Beringspacecraftsto keeptrackof morethan1000objects
at any give timeof themission.

The laserrangerwill determinethe distanceto all objects
that happento passcloseby the spacecraft. Small free-
�ying magnetometerprobeswill be launchedtoward se-
lectedlarger objectsthat comeswithin closerangeof the
spacecrafts. At close encounterthe magnetometerswill
provide informationaboutthedistribution of themagnetic
�eld, and assuchprobethe interior of the asteroid. The
trajectoryof themagnetometerprobewill give information
aboutthemassandtherebythedensityof theasteroid.

7. Summery
Bering is a deepspacemissionto detectandcharacterize
sub-kilometerobjectsbetweenJupiterandVenus.The fo-
cuson the missionis on the investigationof asteroidevo-
lution, transferof asteroidsfrom the main belt to the in-
ner SolarSystem,anddeterminationof meteoriticparent-
hood. The spacecraftswill carry advancedstellar com-
passes,a multi spectralimager, a laserrangerandmagne-
tometerprobes.
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