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Abstract

Asteroidsareremnantsf the materialfrom which the So-
lar Systemformed. Fragmentof asteroidsjn the form of
meteoritesincludesamplesf the rst solid matterto form
in our SolarSystem4.5 miayearsago. Spectroscopistud-
ies of asteroidsshow that they, like the meteoritesrange
from very primitive objectsto highly evolved small Earth-
like planetsthat di erentiatednto core mantleand crust.
The asteroidbelt displayssystematicvariationsin akun-
danceof asteroidtypesfrom the moreevolvedtypesin the
innerbeltto themoreprimitive objectsin theouterreaches
of thebeltthusbridgingthe gapbetweertheinnerevolved
apartof the Solar Systemand the outer primitive part of
the SolarSystem.High-speeccollisionsbetweenasteroids
aregraduallyresultingin their break-up.The sizedistribu-
tion of kilometersizedasteroiddmplies thatthe presently
un-detectegopulationof sub-kilometerasteroidsfar out-
numberthe known larger objects. Sub-kilometerasteroids
are expectedto provide uniqueinsight into the evolution
of the asteroidbelt and to the meteorite-asteroi¢onnec-
tion. We proposea spacemissionto detectandcharacter
ize sub-kilometeasteroidbetweenlupiterandVenus.The
missionis namedBeringafterthefamousnavigatorandex-
plorerVitus Bering. A key featureof the missionis anad-
vancedbayloadpackageproviding full onboardautonomy
of both objectdetectionandtracking,which is requiredin
orderto studyfastmoving objectsin deepspace.The au-
tonomy hasthe addedadwantageof reducingthe cost of
runningthe missionto a minimum, thus enablingscience
to focuson the mainobjectives.

1. Introduction

Ourpresentinderstandingf asteroidandtheirorbitsis al-
mostentirely basedon surweys of main-beltasteroidswith
diameterslarger than 10 km. Ground basedtelescopes
cannotdetectsmallerobjectsexceptwithin theimmediate
vicinity of Earthandno spacecrafhas,sofar, detectedary
previously unknowvn asteroids. Despitethe fact that sev-
eral spacecraft$o date, statistically musthave passedy
smallerasteroids the technologyemployed in theseves-
selshasnot held the capability of detectingtheseobjects.
Thereforesuchencountershave gone unnoticedby. Re-
centdevelopmentin the autonomyof space-bornémage-

Figure 1. A fragmentof the carbonaceoushondrite Al-
lendethat fell in Mexico in 1969. The meteoriteis com-
posedof dark ne graineddust,mm-sizedsphericalinclu-
sions(chondrules)and white inclusionsknowas calcium-
aluminume-rid inclusions(CAIs). The CAls formed4567
My ago andare theoldestknownsolidsformedin the Solar
SystemCarbonaceoushondritesprobablyoriginate from
C-typeastepidswhich are commorin the outermain-belt.

andcomputertechnologyhaschangedhis, sothatit is now
possibleto detect classifyandobsene duringanencounter
with asmallasteroid.

The sub-kilometerobjectsbetweenJupiterand Venus,in
particularthe NearEarth Asteroids(NEAS), are expected
to Il the gapbetweernthe meteoriteghatwe have studied
in very greatdetailin the laboratoryandtheir large parent
asteroidgn the main belt that may be studiedwith Earth-
basedtelescopes.The meteoriteshave beenknocked o
theirparentasteroidshroughimpacts.Thesampactsdeliv-
eredfragmentsn a large rangeof sizes. Streamsof small
asteroidsare connectedo parentasteroidsvia dynamical
mechanismsesponsiblgor the transferof materialto the
inner SolarSystem1].

Meteoritesare highly diversegeologicalsamplesof aster
oids,the Moon andMars. They rangefrom very primitive
sampleof the rst solidsto form in the SolarSystem(Fig.
1) to highly evolvedsamplef di erentiateglanetaryob-
jects.Thelatterincludeiron meteoritegrom asteroidmetal



coresresemblingthe core of the Earth and basalticmete-
oritesfrom the surfacesof asteroidghathadanactive vol-
canicactivity morethan4 billion yearsago. Studiesof me-
teoritesprovide detailedinformationaboutthe chronologi-
cal,geochemicaandgeologicakvolutionof theearlySolar
System.But unlike geologicalsamplegrom the Earth,me-
teoritesaredeliveredwithoutary informationabouttheset-
ting of the samplingsite. Smallasteroidsyhich represents
fragmentf asteroidcollisionsin therecentpast,probably
have fresh surfaceswith minimal regolith cover and with
minimal exposureto cosmicrays,hencewith a surfacethat
is morerepresentatie of theinterior. Fragmentsn theform
of meteoritesmay thereforemoreeasilybe linkedto small
asteroidgthan large asteroidswith highly evolved surface
properties.

Thesmallasteroidsirethereforevital for ourunderstanding
of masgtransportationn theinnerSolarSystemaswell as
for providing a rm basisfor the dynamicaland physical
relation betweenmeteorites NEAs and the asteroidmain
belt. For athoroughdiscussioron asteroidresearctseethe
bookby Bottke etal. [2].

The Bering missionwill consistof two fully autonomous
spacecraftsvhich detectshe asteroidsdeterminetheir or-
bital parametersljight curve and spectralcharacteristics.
Thetwo spacecraftsill beidenticaland y in aloosefor-
mation. Thespacingoetweerthetwo probesmaleit possi-
bleto determingheorbital parametersf theasteroid.Each
probewill beableto provide autonomousletection track-
ing, mappingand ephemerisestimationof asteroids.The
autonomousnstrumentatioralsoincludeautomatidinkup
with Earth and inter spacecrafcommunication. The au-
tonomousoperationf theinstrumentsarecenteren the
AdvancedStellarCompas$3].

The Bering missionwill consistof two fully autonomous
spacecraftsvhich detectghe asteroidsdeterminetheir or-
bital parameterdjght curve andspectralkcharacteristicsA
laserrangerwill be usedto keeptrack of the relative po-
sitions of the two spacecraft. Simultaneouobsenations
from both spacecrafwill allow usto accuratelydetermine
thedistanceo detectedbjectsandthusmakeit possibleto
determingheorbital parametersf objectsthatarequickly
passingout of view. The autonomousnstrumentatioralso
include automaticlinkup with Earth and inter spacecraft
communication.The autonomou®perationof the instru-
mentsare centeredon the AdvancedStellar Compasscf.
[3], [4] and[5].

2. Asteroidsandmeteorites

We have verylittle informationon theabundanceandchar
acteristicsof objectssmallerthan aboutl km except for
thosethathave beenobsenedin theimmediatevicinity of
Earth. Thepowerlaw distribution of asteroidsizessuggests
thatobjectssmallerthanl km arevery abundantseeFig. 2.

Within theasteroidbeltwe have noinformationaboutthese
objects,sincethey cannotbe obsened from Earthandno
spacecrafhave beenactively looking for them.

The orbits of thesesmall objectscanbe perturbedy phys-
ical processe the asteroidmain belt, suchascollisions.
Sinceary fragmentationprocesstendsto generatepower
law size distributions of the fragmentswe shouldnot be
surprisedo seethatthesizedistribution of asteroidgollow

Figure 2. Ninedi erentestimateof the main-beltasteoid
sizedistribution. Thesmallsizedistribution is obtainedby
extrapolatingthe observedarge sizetrends. Figure taken
from[6].

a power law distribution. Thereis, however, reasorto be-
lievethattheverysmallesasteroidsirelessalbundantn the
main belt thana simple extrapolationof the datafrom the
larger asteroidsvould suggest.Smallerasteroidsaremore
easilyin uencedby the Yarkovsky e ect [7] andmaythus
be removed from the belt on a shortertime scalethanthe
largerasteroids Still smallerfragmentsmayberemovedas
aconsequencef the Poynting-Robertsore ecf. A direct
measuremerdf thesizedistribution would allow usto gain
evidenceof thesephysicalmechanismsandhow they may
have in uencedthedevelopmenf themainbelt.

Meteoritesare fragmentsof approximately150 di erent
main belt asteroids.Sincemeteoritesaarewell studiedrep-
resentatiesof thealundantow masdail of theobjectsthat
impacton Earth,abetterunderstandingf their originin the
asteroidbelt andtheir subsequentrbital evolution will al-
low usto betterunderstandhe transferof objectsfrom the
mainbeltto the NEA population.Detailedstudiesof mete-
oritesallow usto determineageconstraintdor the disrup-
tionsof their parentasteroidandthe subsequerttansferof
fragmentdo theinner SolarSystem.

Asteroid photometryshaws that asteroidsare very diverse
in termsof surfacemineralogy The variationis equiva-
lentto the variationobsenedamongmeteoritesalthougha
nearexact matchbetweerthe spectrumof an asteroidand
a group of meteoriteds extremelydi cultto nd. Possi-
ble reasondor thedi erencedetweerre ectancespectra
of asteroidsandmeteoritesnclude ne graineddustcover
on asteroidsmicro meteoriteimpactson asteroidsand ex-
posureto cosmicradiation. Changef the asteroidsre-
ectance spectrumdueto thesepoorly characterizegro-
cessegrereferredto asspacaveatheringOnly in onecase
hasit beenpossibleto establisha reasonablyoodcasefor

1Thee ectof its rotationonthepathof asmallobjectorbitingthe Sun.
Rotationcauses temperaturevariation, so thermalenegy is re-radiated
anisotropically

2Thee ectof solarradiationon small objectsorbiting the Sun,which
causesghemto spiral slowly in. The objectabsorbsolar enegy that is
streamingputradially, but re-radiateenegy equallyin all directions.As a
consequencthereis areductionin the kinetic enegy, andthusin orbital
velocity, which hasthee ectof reducingthe sizeof theorbit.
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Figure 3. Variationsin the distanceto Earth asa function
of timeoftheNearEarth Asteoid 2002NY 31.Epod of the
gureis Junel0,2003= JD 2452800.5.

aspeci c asteroid-meteoriteelationship.The uniquespec-
trum of the basalticsurfaceof 4 Vestamakesit the prime
candidatefor about400 igneousmeteoritesknown asthe
HED meteorites. Thereis considerablénterestin estab-
lishing links betweenothergroupsof meteoritesandtheir
parentasteroids.

Unlike thelargerasteroidsstudiedfrom spacesofar, small
objectsareexpectedto have youngsurfacesandtheir sur
facesarethereforerepresentatie of their interior. A long-
standingdebatehasbeenthe relationshipbetweerthe sili-
caceougS-type)asteroidsandtheordinarychondritemete-
orites. Di erencesn spectralcharacteristichave beenat-

tributedto a poorly constrainedspaceweatheringprocess.

Sincesmall asteroidprobablyhave smallerlife timesand
lessgravity we shouldexpectthemto haveyoungersurfaces
that have beenexposedto spaceweatheringfor a shorter
period of time. Also the lower gravity shouldreducethe
build-up of aregolith cover on their surfacesthatmay hide
geologicunitsunderneathBoth of thesee ectswill makea
comparisorwith spectralcharacteristicef meteoritesand
other materialseasier Dataon the orbital distribution of
objectswith spectralcharacteristicsimilar 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 Wherethe emittedradiation
from a staris dueto internalnuclearprocesseghe bright-
nessof anasteroidentirelydepend®n re ected sunlightin
termsof the illuminatedarea,aswell asthe albedo. This
implies a dependeng on the distancesasteroid-obsemr
andasteroid-Suraswell asthe phaseangle. In total 5 pa-
rametersare neededo describethe brightnessvariations,
of which 3 parametersiave an explicit time dependeng
Thus,evenfor aconstantistancebetweeranobsenerand
the asteroid,the brightnesswill vary dueto the changing
distanceto the Sun,quiteadi erentsituationfrom observ-
ing remotestars.In addition,asteroidsare objectsmoving
with velocitiesof the sameorderof magnitudeasthe Earth,
with distancedo the Sunat the sameorderof magnitude
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Figure 4. Variationsin the V-magnitude(my) asa function
of time of the NearEarth Astepoid 2002NY 31lasseenfrom

Earth. Epoct ofthe gur eis Junel0,2003= JD 2452800.5.
Theabsolutemagnitudeof this objectis H = 17:3, corre-

spondingto a diameterof around1 km.

asthedistanceSun-Earth.This introducesbrightnessvari-
ations,which are not presentor distantself-luminousob-
jects. Examplesof thesevariationsareillustratedin Figs.3
and4.

Dueto theeccentricityof e = 0:55 of 2002NY31, thedis-
tanceto the Earth shaws a very large variation over time,
in termsof repeatedperiodicvariations. This behaior di-
rectly in uence the V-magnitude(my) asseenfrom Earth.
It is seen(Fig.4) thatthe brightnesgpeaksseemdo fall out
from a faint backgroundmagnitude,andthat only within
constrainedregions is the object obsenable from a tele-
scopewith a givenmagnituddimit.

Thesevariationsare dependenbn the mentionedphysical
and geometricparametersso the smallerthe objects,the
more restrictedare the favorable periodsof obserability.
An examplé of this canbefoundin Figs.5 and6

The syntheticobjectin these gures hasan absolutemag-
nitudeof H = 32:7, correspondindo a diameterof around
1 m. It is seenthatupona closeapproacho the Earth,the
magnitudedecreaseslrastically from a backgroundevel
abore my = 30to a sudderbrightnesof aroundmy = 15.
It is alsonoticedthatthe brightnesgeakis very sharp,in
factthe objectmagnitudes belov my = 20 for merely4.8
hours. For a telescopevith a givenmagnituddimit, these
objectsareonly obsenableduringthe occurrencef sucha
brightnesspeak, unlessthe telescopés ableto reachvery
faint magnitudes.e. my = 30. In addition,the brightness
peakmustappearvhile theobjectis within the eld of view
of the obserer. In practice,a surwey telescopemustcon-
stantlymonitorthewholesky in ordernotto misstheobject
dueto the shorttime of visibility.

An obstacle,comparedto the traditional way of making
groundbasedobsenations,is that during one night, each
eld of sky will typically only beimagedonetime asa se-
ries of threeor more shortexposuresandthe reductionof

3The syntheticobjecthasthe orbital parameters. = 1:00583363g¢ =
0:04361874, = 2300978088, = 2924312401, = 8919306946,
M = 67:975616464epoch= JD24520006, H = 3270, slopeparameter
G =0:32.
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Figure 5. Distanceto Earth of a syntheticNEA over 400
days.Theresolutionis 0.02days= 28.8minutes.The gure
was obtainedusingmodi cationsto the SWIFTintegrator
[8], seealso[9] for more details.

theimageswill be doneduringthe following day or days.
Due to the transientnatureof the brightnesspeakof the
small asteroidsthe imagereductionwould however have
to be donereal time, in orderto detectthe objectimme-
diately, and initiate follow-up obsenationsfor a veri ca-
tion. A groundbasedfast-responssurey hasbeenpro-
posed[10], however with a pernight datareductionit is
still remotefrom arealtime solution.

Thereis anadditionalobstaclehatmustbe overcome.For
sub-meterobjects,the brightnesspeaksonly occursupon
very closeapproacho the obserer. This meansthatthe
angulavelocityrelativeto theobsenerbecomewerylarge,
for the shavn exampleit is of the orderof a few hundred
"/sec. A groundbasedobsener, usinga suney telescope,
will typically needto make anoptimizationof theexposure
time involving thepixel size,the seeingtheastrometriac-
curag andthe angularvelocity of the objectsof interest.
Typically, a surwey using a large telescopegoing to faint
magnitudeswill make useof a seriesof 60s—120s expo-
sures.Dueto the large radial velocity, the signalfrom the
objectwill be smearedut on the detector(trailing loss).
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Figure 6. Variationsin the V-magnitude(my) of a synthetic
NEAasseenfromEarth. SeeFig. 5 andtext for details.

In fact, in orderto reacha resolutionaroundl” for the
fast-mwing objects, a typical surwey telescopewould be
restrictedto exposuretimes arounda hundredthof a sec-
ond, presumablyposingheary demandsegardingthe size
of thetelescope.

Outsidethe brightnessgeak, the objectis moving with an

angularvelocity of afew "/min, soevenfor atelescopable

to reachmy = 30, the exposuretime would be constrained
to 60-120s.

In summaryasurwey telescopdrying to detectthesesmall
asteroidanustbe capableof anall-sky monitoring,ableto

performrealtime dataanalysisandableto handlefastmov-

ing objects. The alternatve would be a telescopeable to

reachmy = 30, or beyond, with exposuretimesperimage
frame limited to a few minutes. For the latter option, our
conjectures that suchatelescopas currently not techno-
logically feasible. For the rst option, we proposeBering
asasolutionto meettheserequirementsn termsof the au-
tonomyandthe applicationof the AdvancedStellar Com-
pass.n additionto thesimpleobjectdetectiondiscussetih

theabove, Beringalsoprovidesthe possibility of perform-
ing spectroscoy/photometryof the feasibleobjects,thus
addinganothedimensionof performancén comparisorto

groundbasedbsenations.

4. Missionpro®lerequirements

For the reasonsoutlined above, the main goal of the pro-
posedBeringmissionis to detectandcharacterize sizable
amountof sub-kilometerobjectsfrom space.This will be
the rst systematicsurwey of sub-kilometerobjectsin the
SolarSystem.Thenumbergletectecheedto besu ciently
high thatthedistribution of smallobjectswith similar spec-
tral characteristicandthereforepotentiallyidenticalparent
asteroidmay be establishedhroughouthe mainbelt.

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

The two spacecraftwill eachcarry an AdvancedStellar
CompasgASC) systenwith 7 cameréheadsafolding mir-
ror basedmulti-spectraltelescopemager magnetometers
anda laserranger Theseinstrumentswill make it possi-
ble to obtainorbital parameterdjght curves,rotationstate,
surfacecomposition,andin somecasesalbedo,size, high
qualityimagesmassandmagneticpropertiesef. [12].

In orderto determinghedistributionanddynamicsof small
objectsandtheir links to the NEA populationwe needto

detectobjectsin the main asteroidbelt as well asinside
the Earthsorbit. The objectswithin the meanmotionres-
onancesdn the asteroidbelt that are either alreadyNEAs
or are becomingNEAs within a shorttime frame, gener

ally have aphelionwithin the main belt andspendmostof

their time outsidethe Earthorbit. We thereforeproposea
missionpro le thatwould give us dataon the distribution
of small objectsall the way from 0.7 AU to 3.5 AUs, see
Fig.7. Suchanorbit canbe achiezedwith a singleunpow-

eredgravity assistmaneuer from Venuswhereaghe V

requiredto reachVenuscould be delivereddirectly by the
launcherwhich couldbe of the Soyuz class.

For eachdetectedbjectwe proposdo automaticallydeter
mine:



Figure 7. Missionpro le. Planetand astepid orbits are
showncircular and coplanarfor simplicity The gur e also
showthepositionsof EarthandVenusduringthe r stphase
of themissionandit assumesa y-by atthesecondrassae
of theperihelion(1.5 period).

- Theheliocentricposition,andvelocity vectorof the
object.

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

- Thelight curve of the objectandtherebyits rotation
period.

For a few selectedarger objectswe furthermorepropose
to:

- Recordmulticolorimagesof the surface.

- Determinethe massandmagnetiaonomentof the object.

The datawill allow usto determinea currentorbit for the
object.With adetectioratmy = 9 for the AdvancedStellar
Compassanda detectionlimit of my, = 25 for the multi-

color imagerwe will be ableto follow the objectout to a
distanceof approximatelyl500timesthe distancewnhereit

was detected.Dependingon the geometryandthe size of

the objectthis will typically allow usto follow the object
for daysto weeksanddeterminehigh precisionorbital pa-
rameterdor a large fraction of the orbital arc. The orbital

datawill alsoallow usto determinethe objectspositionin

orbital spaceandits proximity to resonanceandor other
asteroidsor asteroidfamilieswith similar spectralcharac-
teristicsanddynamicalcharacteristics.

Thephotometrywill allow usto determinghespectratype
of theobject. Thiswill malkeit possiblefor usto determine
its relationshipwith otherasteroidsandor groupsof mete-
oriteswith similar mineralogy Ultimately, we will attempt
to backtrackthe objectto its parentasteroid

The ability to detectobjectsdown to my = 25 from within
theasteroidbeltwith themulticolorimagermayalsobe uti-
lized to further constrainthe densityof small objects.In a
few campaignsve proposeto make a seriesof frameswith
eithersubsequerdn boardprocessin@r dataprocessingn
Earth. Thiswill allow usto determinethe numberof aster
oidal objectsin eachframe,goingto very faint objects.Al-
thoughthe size-distanceelationshipcannotbe determined
onthebasisof afew framegshesedatamaybeusedo check
predictionshasen modelsof thedistribution of asteroids.

Figure 8. Artistic impressionof the Bering preliminary de-
sign.

5. Objectdetectiorrate

Therequiremento thenumberof objectsBeringwould de-
tectperunit of time is importantto quantizebothdueto the
scienti ¢ feasibility estimateaswell asto formulatethede-
signrequirement®f Bering. Dueto thecomplex variations
in brightnessthisis nottrivial to estimate.

Foranobsenermoving in aninertialframe,it would maybe
bepossibleto estimatehe ux of objectsthroughthedetec-
tion sphereof Bering. However, dueto the propermotion
of Bering,anddueto the strongdependeng on geometry
it becomes morecomple taskto evaluatethe ux of ob-
jects. A possibleapproactcouldbeto applythe estimates
of collisionratesin theasteroidbelt[11], howeverfor ade-
tailed examinationof the Beringmissionpro le, we needa
moredirectapproacH9].

6. Spacecraftlesign

The Bering spacecrafthave to possessa high degree of
autonomysince at a distanceof 3 AU the closedloop to
Earthis about48 min. The autonomymustencompassll
everydayroutines,suchas objectdetection,classi cation,
tracking and initial dataacquisition. An overview of the
payloadis providedin Tablel.

The core autonomyof the proposedmissionis centered
on the AutonomousStellar Compass(ASC), a fully au-

tonomouslyoperationstartracker [3]. The ASC consistof

a powerful microcomputemwith searchengineandstarcat-

alog, with several cameraheadsattachedtypically two to

four. Eachcameraheadwill acquireanimageof the night

sky in the Field Of View (FOV) two timesper secondand

passon thedigital imageto thedataprocessarsee[5].

Sinceall luminousobjectsabore the selectedhresholdare
detectednon stellarsuchasgalaxies nelulae,othersatel-
lites andasteroidsaarealsoautonomouslhpickedout. They

areidenti ed asluminousobjectsbrighterthanthe thresh-
old, with no matchingobjectin the starcatalog. Sincethe
ASC hasestablishedhe attitudeof theimagein question,
the apparenpositionof the objectis establishedvith 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 Exactdistanceo Rangingof
Ranger closeasteroids sisterspace-
craft
Magnetometer, Magneticproperties, | Solar
Probes gravity estimateof pressure
asteroidandthereby | estimation
massanddensity

accurag. Typically theinstantpositiondeterminations in
the rangeof 3 arc secondsput sincethe ASC updatethe
measuremerper cameratwice per second averagingwill
bring theaccuray to the sub-arcsecondevel in amatterof
seconds.In this way, the entire FOV is searchedor non-
stellarobjects.Sincethe FOV covers1% of theentirenight
sky, a scanningoperationof the spacecraftvill have to be
employed. We planto arrange7 camerseheadson boardthe
spacecraftywherebyalmost100%sky coverageis guaran-
teedata spinrateof onceperhour.

The non-stellarobjectsare enterednto a databaseWhen
the sameareaof the night sky is revisited after one rota-
tion period of the spacecraftthe apparentosition of the
objectsare establishedagain. Any objectthus shawving a
propermotionabove the measurementoiseis movedto an
asteroidcandidatdist for furtherinvestigationg13].

The main scienceinstrumenton the proposednissionis a
multi-bandimagingtelescopeseeFig. 8 and[5]. Thetele-
scopemight have a focal length of 1 m, and an entrance
pupil of about0.3m. To compensatéor the spacecrafto-
tation andto allow for fasttracking,thetelescopés tted
with a folding mirror. To enablefastandaccurateracking
of a target, the telescopds furthermoreequippedwith an
ASC cameramountedonthe backof the secondarynirror.
TheASC camerandthetelescop®pticalaxesareapproxi-
matelyparallel. Fromsimultaneougmagesof thenight sky,
therelative orientationof the telescopdo the ASC camera
is easilyestablishedvith highaccurag.

Whenthe ASC hasdetecteda Sun orbiting body, the ap-
parentinertial positionof the bodyis measuredndpassed
onto themainonboardprocessarthatatacorvenienttime,
pointsthe telescopeat the target. This pointing is greatly
facilitatedby the ASC camerathat is co-alignedwith the
telescope,c{12] and[5]. Themulti-spectraimagersenes
multiple functionstoo. Its main objectie is to character

ize the target throughspectralanalysisandto obtain high
delity multispectrakciencamages.However, throughthe
guideinformationfrom the ASC, the starsin the telescope
imageareanalyzedwherebyan extremelyaccurateappar
entpositionof thetargetis found. This procedureallowsthe
Bering spacecraft$o keeptrack of morethan10000bjects
atary givetime of themission.

The laserrangerwill determinethe distanceto all objects
that happento passclose by the spacecraft. Small free-
ying magnetometeprobeswill be launchedtoward se-
lectedlarger objectsthat comeswithin closerangeof the
spacecrafts. At close encounterthe magnetometersvill
provide informationaboutthe distribution of the magnetic
eld, andassuchprobethe interior of the asteroid. The
trajectoryof the magnetometeprobewill give information
aboutthe massandtherebythe densityof the asteroid.

7. Summery

Bering is a deepspacemissionto detectand characterize
sub-kilometerobjectsbetweenJupiterand Venus. The fo-
cuson the missionis on the investigationof asteroidevo-
lution, transferof asteroidsfrom the main belt to the in-
ner Solar System,and determinatiorof meteoriticparent-
hood. The spacecraftswill carry advancedstellar com-
passesa multi spectralimager a laserrangerandmagne-
tometerprobes.
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