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Abstract暋Intelligentrobottechnologyhasgreatpotentialforapplicationinpolar
scientificexpedition.Duringthe24thChineseAntarcticExpeditioninthesum灢
merof2007/08,ourice灢snowsurfacemobileandlow灢flyingrobotsweresuccess灢
fullyemployedforthefirsttimeintheAntarctic.Thispaperfirstlygivesabrief
introductiontotheintelligentrobottechnologydevelopedabroadandusedinthe
Antarctic,thenfocusesontheice灢snowsurfacemobileandlow灢flyingrobotsde灢
velopedbyChinaaswellastheirfieldtrialsintheAntarctic.Moreover,theau灢
thorshaveconsideredthepotentialdemandfortheintelligentrobottechnologyin
China暞sAntarcticscientificexpedition,inthehopeofprovidingsomereference
forthefuturedevelopmentofrobottechnologies.
Keywords暋Antarcticscientificexpedition,ice灢snowsurfacemobilerobot,low灢
flyingrobot,scientificload.

1暋Introduction

Thereareenormousnaturalandscientificresourcesinthepolarregion.Onone
hand,thevariationsoftheenvironmentalelementsofthepolarregioncoveredwith
iceandsnow,asthelargestcoldsourceoftheEarth,playacriticalroleintheglobal
climatechange[1];Ontheotherhand,thedevelopmentandutilizationofpolarre灢
sourcesisofunparalleledstrategicsignificanceinthepoliticalandeconomicas灢
pects[2,3].Atpresent,majorcountriesintheworldhaveallsubstantiallyincreased
theirinputintothepolarexpeditionandresearch,andarepressingforwardinthe
fieldsofresourceutilization,scientificresearch,etc.

However,theharshpolarenvironmentsarethemainchokepointforfurtherpo灢
larscientificdevelopment,whichincludethefrequentsmallspatialandtemporal
scaleweathersystemsaswellastidecracksinsea灢ice,icesheetcrevasse,andlow
temperature,etc.Sofar,therehavebeennomaturetechnicalmeansofgroundsci灢



entificobservationinhigh灢riskpolarareas.Withtheexpansionofthepolarscientific
expedition,ithasbecomeanurgentneedtointroducehi灢techequipmentintofuture
polarobservations.Intelligentrobots,asahi灢techequipment,canincorporatescien灢
tificloads,partlyactsasasubstituteforscientists,andeffectssomefunctionsas
roamingabout,observation,samplingandanalysis,etc.,whichisofgreatimpor灢
tancetopolarscientificexpeditioninlarge灢scaleandfurtherdevelopment.

Thespecialpolarenvironmentcallsforcreativeexplorationandresearchregard灢
ingrobottechnologyinthefieldsofmaterial,components,motionmechanism,navi灢
gation/positioning,powersupply,controlanddecision灢making,etc.Underthefun灢
dingofChina暞s863Hi灢TechResearchandDevelopmentPlan,thePolarResearchIn灢
stituteofChina,inconjunctionwiththeShenyangInstituteofAutomation,Chinese
AcademyofSciences,andtheBeihangUniversity,developedtheice灢snowsurface
mobileandlow灢flyingrobotsystems,whichperformedinthefieldoftheAntarctic
duringthe24thChineseNationalAntarcticResearchExpedition(2007/08).Itwas
thefirstapplicationoftheintelligentrobottechnologydevelopedbyChinaintheAnt灢
arctic.Inthefieldexperiment,apartfromthetestandverificationoftherobottech灢
nology,anumberofscientificloadapplicationteststaskedwithscientificobservation
ofseaiceandicesheetwerecarriedout,whichhaveachievedsomeexpectedresults.
Thetestsalsofoundsomeinadequaciesinthedesignoftherobotsystemintermsof
adaptiontotheenvironment.Accordingtothose,theresearchershaveimprovedthe
robotsystemsandhopetomakefurtherexperimentsintheAntarcticduringthelater
ChineseNationalAntarcticResearchExpeditions,soastorealizethesubstantialuse
oftheintelligentrobottechnologydevelopedbychina.

2暋ApplicationofforeignRobottechnologiesintheAntarctic

TheadverseenvironmentofAntarcticarestrictsthedevelopmentofhumansci灢
entificresearchactivities,soithasbecomearesearchdirectionoverwhichcountries
leadingintechnologytouserobotas“proxy暠tolowertheriskandcostofpolarsci灢
entificexpedition,raisetheoperationalefficiencyandscope[4,5].In1992,theUS
CarnegieMellonUniversity(CMU)developedtheDante灢Ifour灢footwalkingrobot,
andcarriedoutexperimentalresearchinMountErebus,theAntarctic,forthepur灢
poseofmakingarobotizedsurveyofthecliffsidesofthevolcanocrater.Thissurvey
didnotsucceedduetothefailureofthecommunicationsystem,butitopenedupa
newapproachtothepolarexpeditionbyusingrobots[6].In1997,CMUbegantoap灢
plytheNomadmobilerobotwhichithaddevelopedtotheclassificationofAntarctic
rocksandsearchesformeteorites.TheexperimentwasconductedinthePatriot
Hills,Antarctica[7];In2000,NomadsuccessfullywalkedbyitselfontheAntarctic
iceandsnowsurfacefor10.3kmbymakinguseoflasernavigation,coveredanarea
of2500m2alongtheplannedrouteandfoundfivemeteorites,thussuccessfullypro灢
vingthatusingrobotstocarryoutindependentscientificsurveysisaneffectiveand
practicableplanfor mankindtoextenditsscopeofexpeditionintoinaccessible
places[8].In2002,Italyretrofittedacaterpillarsnowcarintoanunmannedcarand
developedtheRobotAntarcticodiSuperficie(RAS),whichcanmoveindependently
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betweencampsitesfollowingthefixedroute[9].
Thepolarscientificexpeditionrobotswhicharenowbeingdevelopedinclude:a)

CoolRobot,usingsolarpower,lowcenterofgravityandwheelmovingmechanism;
4direct灢drivebrushlessmotors;aclosed,thermal灢controlchambercontainingelec灢
tronicapparatusandcell;maximumspeed0.80m/s,weightlessthan75kg,pay灢
loadcapabilitylargerthan15kg.Thisrobothasnowundergonefieldtestsanditis
plannedtobetestedintheAntarctic[10].b)Prism (PolarRadarforIceSheetMeas灢
urements).Thisrobotisretrofittedfromtheamphibious,six灢wheel,all灢terrainve灢
hicleMaxATV Buffalo,usingtheinternalcombustionpower,caterpillarmoving
mechanism,carryingaloadof300kgandtowing150kg;installedwiththeSICKla灢
sersystem,usingtheRTKGPSpositioningsystem.Itstaskistotowthemobilean灢
tennaofthedistributedradarandaccomplishthecorrespondingscientificresearch,
butitsrangeofoperationislimited.IthasundergonefieldtestintheGreenland[11].

Britain,Germany,theUnitedStates,and Australiahaveusedanumberof
small灢sized,unmannedaircraftplatformstocarryoutscientificresearchinrecent
years,mainlyforenvironmentalmonitoring,cyclonetracking,atmosphericdataob灢
servation,satelliteremote灢sensingtestandverification,etc[12].Atpresent,thereap灢
pearsintheworldanewupsurgeinapplyingthesmall灢sizedunmannedaircraftinpo灢
larenvironment[13,14].

In1992,AustraliafoundedtheAerosondeteamtodevelopaneconomical,small灢
sized,longnavigationtimeunmannedaircraftforenvironmentmonitoring,andac灢
complishedthefirsttrans灢Atlanticexperimentin1999,whichreceivedbroadatten灢
tion.TheUSNASAusedthisunmannedaircrafttocarryoutlow灢temperaturecondi灢
tionexperimentinAlaska,andmadepreparationsforitsapplicationinthepolarre灢
gion[15].Now,Aerosondehasbeensuccessfullyemployedinthescientificresearch
observationoftheArcticregion.ResearchersintheUniversityofColoradoareplan灢
ningtoapplyitintheAntarctictocarryoutobservationontheturbulentfluxatair灢
seainterfaceofpolynyaintheTerraNovaBayStationofItaly.

Moreover,theBritishAntarcticSurveyincollaborationwiththeTechnicalUni灢
versityofBraunschweig(TUBS),Germanydevelopedanunmannedaerialvehicles
(UAVs)forthepolarenvironmentandcarriedoutfieldflighttestsintheAntarcticin
2007,thusaccomplishingthepracticalapplicationofunmannedaircraftintheAnt灢
arcticforthefirsttime.Withawingspanof2mandaweightof6kg,thisaircraftu灢
seslithiumcellsforpowersupplyandcatapulttake灢offandskislandingtechniques.
Exceptthatitstake灢offandlandingarecontrolledbytheoperator,itsflightiscarried
outautonomouslyaccordingtothepresetprogram.BetweenOctoberandDecember,
2007,thisaircraftmade20testflightsintheBritishHadleyStation,eachflightlas灢
ted40minutes,andwithaflightrangeofabout45km.Theinstrumentsitcarried
weremainlyusedtoobserveheatexchangeparametersattheair/iceinterface[16].

3暋IntelligentRobotsdevelopedbyChinaandtheirfirstapplicationintheAntarctic

Thepolarscientificexpedition,whetherintermsoflogisticalsupportorscientif灢
icobservation,hasurgentdemandfortheintelligentrobottechnology.Supportedby
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theChina863Project,PolarResearchInstituteofChina,jointlywithShenyangIn灢
stituteofAutomation,ChineseAcademyofSciencesandBeihangUniversity,hasde灢
velopedtheice灢snowsurfacemobileandlow灢flyingrobotsystems.

Theice灢snowsurfacemobilerobotisdesignedmainlyforicesheetcrevassede灢
tection,andthescientificobservationofglaciermovementandicesurfacemeteoro灢
logicalparameters.Regardingtherobotbody,ShenyangInstituteofAutomation,
ChineseAcademyofSciences,carriedoutresearcheswithrespecttomechanicalde灢
signandprocessing,cryogenictestofmaterials,designandintegrationofthecon灢
trol灢sensorsystem,autonomousenvironmentalmodelingalgorithm,robotsystem
integrationdebugging,developmentoftheinterfaceofscientificloadequipmentand
integratedtesting,etc.InOctober,2007thetestprototypeoftheice灢snowsurface
mobilerobotwascompleted.Apartfromadaptingtotheadverseenvironmentofthe
polarregion,thisrobotneedstocarryscientificloadincludingautomaticweathersta灢
tionandhigh灢accuracysatellite灢baseddifferenceGPSsoastoeffectthefunctionof
scientificobservationofglaciermovementandice灢sheetsurfacemeteorologicalpa灢
rameters.

Thelow灢flyingrobotisdesignedmainlyforthecruisingrouteiceconditionsur灢
vey,scientificobservationofphysicalcharacteristicsofseaiceandseaice/waterskin
temperature.Regardingtherobotbody,BeihangUniversitycarriedoutresearchand
developmentwithrespecttothecryogenictestingofcomponents,autonomousnavi灢
gationandflightcontrol,powersupplyandlow灢temperaturetest,whole灢system
flightplatform,groundcontrolstation,communicationsystem,etc.Inaddition,the
developersundertookre灢developmentoftheinterfacebetweenthescientificloade灢
quipmentandtherecorder,andaccomplishedthedebuggingofthewholesystemand
thetestofautonomoustrialflight.InSeptember,2007,thetestprototypeoftheair灢
craftwascompleted.Apartfromthespecialdemandsindesignforresistingwindand
snowaswellaslowtemperature,therobotneedstocarrysuchscientificloadsasaer灢
ialcamera,infraredradiometertoconducttheintegratedobservationtestforthesea
iceinthePrydzBay.

4暋ExperimentsandapplicationofRobotsintheAntarctic

Thefieldstaffoftheice灢snowsurfacemobileandlow灢flyingrobotsystemstook
partinthe07/0824thChineseAntarcticScientificExpedition.BetweenDecember,
2007andJanuary,2008,withthesupportofChineseZhongshanStation,thefiled
staffcarriedoutaseriesoftherobotsystemtestsandscientificobservationexperi灢
mentsinRussianProgressStation.

4.1暋Fieldtestofice灢snowsurfacemobilerobot

Theice灢snowsurfacerobotmobileplatformsincludetwocategories:thecater灢
pillarandthewheeltypes.Thecaterpillarrobotwasdevelopedinthelightofthetar灢
getrequirementsofthe863Projectandwasthemainobjectoftest.Thewheel灢type
robotwasmainlyforemergencyuseorcarryingoutsomeauxiliarytests.Thetests
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undertakenbythefieldstaffincluded:
(1)Testofthemobilityandtraversingcapacityoftherobot(Fig.1)
Thetestresultsshowthatitsmovementonthelevelgroundisnormal;butits

gradeabilityissomewhatdeficient.Therobotcannotclimbupaslopewithagradient
largerthan20degrees;itscapabilityofgettingoverobstaclesissomewhatpoor;on
hardsnowsurface,itcanovercomeirregularterrainwithundulationbelow15cm,
butonthesoftsnowsurfaceitscapabilityofgettingoverobstaclesdeclines.

Fig.1暋Thetraveltestofsnow灢icemobilerobot.

暋暋(2)Testofadaptabilitytothepolarclimateconditions
Testsmadeonthecommunication,powersupplysystemandcontrollerofthe

robotshowedthatthehardwaresystemsoftherobotoperatednormallyunderthe
conditionofAntarcticsummerclimateenvironment.

(3)Environmentalmodelingtest
Thetestusesthetwo灢dimensionallinescanninglaserrangefindermountedon

thewheeledrobot(Fig.2)tocollectdatafromthetypicalAntarcticsnowsurfaceen灢
vironment.Thetypicalsnowsurfacetopography(Fig.3)includes:trench,ridge,
snowripple,slopeetc.Afterprocessingthefielddatabyusingtherasterelevation
mapandtheGaussionmixedmodel,thefieldtopographyandgeomorphologyare
successfullymodeled(Fig.4).Comparedwiththefieldpicture,thismodelingresult
basicallyfulfilstherequirements.

Fig.2暋Environmentmodelingtest. Fig.3暋ThetypicalAntarcticenvironment.
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Fig.4暋Theresultsofenvironmentmodelingtest.

暋暋(4)Simulatedexperi灢
mentofglaciermovement
observation

As the robot could
notnavigateoverseveral

tensofkilometers,itwasunabletocarryouttheplannedobservationalexperiment
fortheDarkGlacierandsoasimulatedtestforitwassubstituted.Thetestwasset
upasfollows:putupapoleatthesimulatedglacierobservationpoint,integrated
withthewheeledrobot,two灢dimensionallinescanninglaserradar,satellite灢based
differenceGPSandinertialmeasuringunitstoformthemeasuringsystemofabsolute
positions,andordertherobotatdifferenttimetoobtaintheprecisegeographicalpo灢
sitionsofthepole(Fig.5).Accordingly,theresearcherscanobtainthemovement
informationoftheobservedglacier.

Fig.5暋Thesimulatedexperimentofglaciermovementobservation.

暋暋ThroughtheabovetestsandincombinationwiththeinvestigationoftheAntarc灢
ticice灢snowsurfaceenvironment,thefieldstaffconcludedthat:(栺)Thecaterpillar
movingmechanismissuitableforthecomplicatedgroundsuchasintheAntarctic
continentalmarginhillsandtheseaicezone,etc.Whileintheinlandoficesheet,it
isnecessarytooptimizethedesignandimprovetheefficiency,orwheeledmoving
mechanism maybeconsidered;(栻)Therobotneedstoincreasepowerandenergy
reserve,andreducetheweightsoastoensurethelong灢distancetransitcapacityon
theice灢snowsurface;(栿)Integrationdesignofthescientificloadintotherobotbody
meetsthetestrequirements,soiftherobotisimprovedandthelong灢distancetransit
capacityissatisfied,itispossibletoconductthescientificobservationforicesheet
crack,glaciermovementandicesurfacemeteorologicalparameters.

4.2暋Fieldtestofthelow灢flyingrobot

Thefollowingtestsonthelow灢flyingrobotwereconductedintheAntarctic:
(1)Autonomousnavigationandflightcontroltest
Anumberoftestsindicatedthattheflightcontrolparametersself灢adaptivealgo灢

rithmbasedonsystemidentificationcanimprovetheaccuracyofflight灢path(reali灢
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zingthemeter灢levelnavigation);andtheautonomousflightinthecontextof100~
150mlowlevelhadsagoodstability.

(2)Testontheadaptabilityoftheaircraftplatform
ThesuccessfulflightintheadverseAntarcticenvironmentfor11daysrunning

showedthattheoptimallydesignedaircraftplatformhasagoodadaptabilitytothe
Antarcticsummerenvironmentintermsofitsreliabilityandusability;andlow灢tem灢
peratureguaranteetechnologyworkedalsonormal.
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Fig.6暋Theseaiceobservedbylow灢flyingrobot.

暋暋(3)Thescientificobservationexperiments
Carryingaerialandvideocameras,therobotconductedanaerialphotographyin

theseaareaaroundZhongshanStationandobtainedalotofphysicalcharacteristics
informationonseaice/iceleads(Fig.6);theinfraredradiometeronboardmadea
large灢scaleobservationoftheseaice/waterskintemperatureintheseaareanearthe
ZhongshanStationandsomescientificdatawereobtained.ItcanbeseenfromFig.7
thatintheseaice/watercoveredarea,astheunderlyingsurfaceisuniforminnature,
thevariable灢magnitudeofskintemperatureissmallandthemeanvalueiscloseto-
0.5曟,whereasinthecoastalarea,astheunderlyingsurfaceiscomplicatedwith
snowcoverorexposedsandstonebedrock,thevariable灢amplitudeofskintempera灢
tureislarge.Basedonthese,itispossibletoseparatetheseasurfaceobservational
datafromthewholetoprovidekeysupportfortheresearchonair灢ice(sea)interac灢
tion.

Fig.7暋Thetrackandobservedskintemperatureoflow灢flyingrobot.

暋暋Itisconcludedfromtheabove灢mentionedtestsandtheanalysisoftestresults
that:(栺)Thelow灢flyingrobotsystemhasgoodadaptabilitytotheAntarcticsum灢
merclimateenvironmentandhasstableperformance;(栻)theautonomousflightin
thecontextof100~150mlowlevelhasgoodreliability,andtheeffectofhighlati灢
tudeandlargemagneticdeclinationonthenavigationsystemisnotobvious;and(栿)
theintegrationoftherobotwithscientificloadisnormalandthescientificobserva灢
tionexperimentsonseaicehavescoredasuccess.Inthecaseofoptimizingthewind灢
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resistingpropertyoftheaircraftandraisingtheflightradius,thelow灢flyingrobotis
expectedtobepopularizedandusedintheseaiceobservation,etc.

5暋ProspectsforApplication

Usingtheintelligentrobottechnologyasaneffectivetechnicalmeansinthepolar
expeditioncansavemanpower,materialandfinancialresources,anditisexpectedto
bepopularizedandusedinthefuturepolarscientificresearch.Firstofall,inensu灢
ringthesafetyofpolarscientificexpedition,thesuccessfuluseofthelow灢flyingro灢
botcanrealizethecourse灢linesurveyofseaiceconditionforresearchvesselsandpro灢
videaccurateiceconditiondataforR/V“Xuelong暠toselecttheoptimumcourseline;
whilethesuccessfuluseoftheice灢snowsurfacemobilerobotmayaccomplishthe
safetydetectionfortheunloadingsiteandtransportrouteontheseaice,lowerthe
operationalriskandraisetheworkingefficiency.Inthefieldofpolarscientificre灢
search,bymeansofthescientificloadintegratedontheice灢snowsurfacemobileand
low灢flyingrobot,itispossibletoconductscientificobservationoftheseaicephysical
characteristics,seaice/watersurfaceskintemperature,glaciermovementandice
surfacemeteorologicalparameters.Besides,thepolarregion,withitsuniqueex灢
tremeconditions,suchexperimentscanprovideimportanttechnicalandexperimental
supportfortherobotdevelopedforotherspecialcircumstancessuchascelestialbody
etc.

NowChinahasestablishedaninlandscientificbase灢KunlunStationatDomeA,
thesummitoftheAntarcticicesheet,andthisstationhasnotyetpossessedtheca灢
pacityforpersonnelwintering.AtKunlunStationitisnecessarytodevelopanduse
unattendedintelligentrobotstoperformthefunctionsofoperationalmaintenancein灢
sidethestationandscientificobservationinthestationareaalltheyearround.More灢
over,thereexistmanyriskareasingroundexpeditionoftheAntarcticicesheet,soit
isalsoworthexpectingtodevelopanice灢snowsurfacemobilerobot,whichcanac灢
complishthelong灢time(overoneyear),large灢scale(withinaradiusofahundredmi灢
les)scientificobservationbyovercomingtheharshclimateconditionsintheAntarctic
winter,makingfulluseofsolar/windenergyandcarryingscientificloadsuchasau灢
tomaticweatherstation,icedetectingradar,GPS,etc.
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