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Abstract

This papemresentshe currentstatusof the developmenbof anautonomou®limp. Detailsaregiven
onthe hardwaresetup,whichis currentlyalmostoperational. Somefirst experimentakesultson terrain
mappingerrainmappingwith low altitudesteredmageryarepresente@nddiscussedandsomeinsights
regardingflight controldevelopmentsaregiven. Thepaperalsosketchesomeresearchissuegaisedby
the developmenof autonomoublimps.

1 Intr oduction

Ourlongtermobjectivesin field roboticsis to tacklethevariousissuegsaisedby the deploymenbf hetero-
geneousutonomousystemsin thecontext of exploration,surneillanceandinterventionmissions Within
suchcontexts, aerialrobotswill undoubtlyplay a growing role in the nearfuture, not only duringthe mis-
sionpreparatiophasgin whichdronescanalreadygatherervironmentinformationsfor instance)but also
on-line,duringthe missionexecution. Aerial robotscanthenprovide the roverswith telecommunications
supportaswell aswith up-to-datenformationson the ervironment. They canalsolocalizethe roversas
they evolve within this ervironment,andevenachieze by themselessomeof the missiongoals.

In the contet of our field roboticsproject, we recentlyinitiated the developmentof an autonomous
blimp. While not beingunconditionalpromotersof blimps andairships,we are corvincedthatthe ever
on-goingdevelopmentsn awide spectrunmof technologiestangingfrom actuatoy sensorandcomputing
devicesto enegy andmaterialwill ensurdighter thanair machines promisingfuture. Thereis undoubtly
aregain of interestin this domain,asshavn by therecentindustrialdevelopmentson heary loadstrans-
portationprojects(suchas CaigoLifter andthe ATG Skycats, not to mentionvariousother prospectie
transportatiorprojects),and on stratospheri¢elecommunicatiomplatforms. As for small-sizeunmanned
radio-controllednodels which sizeis of the orderof afew tensof cubicmeterstheirdomainof operation
is currentlyessentiallyrestrainedo adwertisingor aerialphotographyBut their propertieanakegheman
very suitablesupportto develop heterogeneouair/groundroboticssystemsthey areeasyto operatethey
cansafelyfly atvery low altitudes(down to a few meters),andespeciallytheir dynamicsis comparable
with the groundroversdynamics asthey canhover along time over a particularareawhile beingableto
fly at several tensof kilometersper hour, still consumindittle enegy. Their mainandsoleenemyis the
wind (see[6] for a detailedandcorvincing review of the prosandconsof smallsizeairshipswith regards
to helicoptersand planes).Let’s alsonote that somespecificapplicationsof unmannedlimps aremore
andmoreseriouslyconsideredhroughouthe world, from planetaryexplorationto military applications,
asshavn by numerousontributionsin the AIAA Lighter ThanAir conference$or instance1].

Thefirst mentionsof the developmentof unmannediutonomoublimpscanbe foundin theliterature
of thelate80’s, but it’ sonly recentlythatvariousprojectshave reacheckffective achi&zements. Oneof the

lup-to-dateinformationson theseprojectsat www.cagolifter.comandwww.airship.com



nicestAurora,a projectheldat the InformationTechnologyinstituteof CampinasBrazil, mainly devoted
to flight control [3, 2], but within which otherissuesare alsoconsidered4, 5]. Interestingprojectsare
alsounderdevelopmentat the university of Virginia [12], at the university of Stuttgart[13, 10] andin
variousotherlabs. Oneof theinterestingcharacteristicef suchprojectsis thatthey mix variousinnovative
technologicablevelopmentandfundamentatesearct{mainly on airshipflight control).

Besidedong-termdevelopmentselatedo thecoordinatiorandcooperatiorof heterogeneousr/ground
robots,our researctwork on autonomouslimpsis currentlytwofold: we concentrate®n the definition of
blimp trajectorycontrol laws, and on ernvironmentmodelingissuesusinglow altitudeimagery For that
purpose we acquiredin the end of 2001 a 15 cubic meterairship, and definedthe necessaryn-board
equipment.

This paperpresentshe currentstatusof the project. Thefirst sectiondescribedardwardssues.Sec-
tion 3 presensomeresultsof terrainmappingwith low altitudestereoscopignagery andsectiord present
ourinvestigationsn thedomainof airshipflight control. Throughouthe papey potentialtechnologicahind
researchissuesarementionedanddiscussed.

2 The experimental platform
2.1 An AirspeedAirship AS-500

Variousradio-controlledblimpsarebuilt throughouthe

world. After oneyearof investigationswe decidedto ¥
acquireand AS-500 model from the englishcompay

AirspeedAirship?. Criteriafor this choicewerethesize

of theblimp (whichwewantedo berathersmall,for the

easeof deploymentandstocking),its availablepayload

andits possibleoperatiormodes. —

, I _ ¥
Nominal specifications. Accordingto the construc- o ,

tor, the technicalcharacteristicef the original AS-500
modelarethefollowing:

e 7.8mlong, 1.80m maxdiametergiving avolume
of aboutl5.0m3, anda fitnessratio of 4.25.

¢ Vectorizedthrust(100° range),with two 7.5¢m?
enginesallowing speedaipto 45km/h, possible
controlin wind gustsup to 25km/h, andan en-
duranceof 40 minuteswith a 1.0kg fuel load.

e Thehull is madeof weldedmylar, andequipped
with 4 control ruddersin a “x shape”configura- Figurel: Our AS500duringiits first testflight in Novem-
tion. A ballonetfed with air capturedat the rear 22{5001 (no on-boad instrumentwere installed at that
of the propellersmaintainsa constanthull pres-
sure,and a radio-controlledvalve on top of the
hull canreleasehelium whenthe temperaturds
gettinghigher

¢ Thestaticpayloadof the AS-500(i.e. to reachthe
equilibrium)is 3.5kg¢, andthe blimp mustalwaysbe overweightedof 1.5 to 2.0kg in flight: the
maximalavailablepayloadis thereforeabouts kg.

2The companys homepagés www.airship.demon.co.uk/airspeed.htnthe platformusedin the Auroraprojectis anAS-800,a
similar biggermodel.
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Figure2: Thevariouscontrol parameterf our AS-500

Specificmodifications. In collaborationwith AirspeedAirships, we specifiedthe following modifica-
tionsfor our purpose:

¢ Electricmotors:to have afiner controllability, we preferredto opt for electricmotors. They do not
weigh morethanfuel enginesbut arelesspowerful, thusreducingthe maximumreachablespeed
andthepossibilityto fly in wind gusts.Their maindravbackis theweightof therequiredbatteries,
which considerablyeducegheavailablepayload.We will however seein section2.3thatthanksto
lighter batteriesandpossiblealternative enegy sourcesthis dravbackcanbeovercomed.

¢ Sternthruster:itheruddercontrolsurfacesequireacertainspeedo allow changedn boththealtitude
andorientationof the blimp. In orderto have the possibilityto maneuer the blimp while hovering,
we choosdo adda sternthruster thatgivesthe possibilityto controltheyaw angle.

Thevariouscontrolparametersf the blimp aresketchedn figure2. With the specifiedconfiguration,
we madea first testflight, in orderto checkthe available payload. It turnedout that the static payload
to reachequilibriumdecreasedown to 1.5k¢g, dueto the batterieswveight. We could successfullyfly and
maneuer theblimp with 1.3k¢ overweight(the whole availablepayloadis therefore2.8%g), but the flight
autonomyis notlongerthan15 minuteswith the batterieprovided.

2.2 On-board equipment

To transformthe blimp from a radio-controlledmachineto a robot, we equippedt with a setof proprio-
ceptive andexteroceptve sensorsandwith computingandcommunicationgapabilities.

Stereovision. Oneof theadvantageof having abig platformis thatit cancarryawide basesteredoench,
thushaving thepossibilityto directly gather3D dataontheoverflovn ground.We adapte® highresolution
digital B&W cameran arigid 2m carbonprofile thattraversesthe 1.4m long AS-500gondola(useof
steredmageryto build a highresolutionDEM is presentedh section3).

Blimp stateobservation. In orderto tackletheflight controlproblem(andalsoto easehe development
of mappingalgorithms) we addedthe following sensorsa differentialGPSrecever, afluxgatecompass,
that also provide the blimp pitch androll angles,anda wind sensor(sonartransducetechnology)that

measurethe speedandorientationof therelative wind in thelongitudinalplane.

CPU. We optedfor a Matrox 4Sightboard:it is anEBX form factorPC motherboardendavedwith all
the necessargommunicatiorports(100base-Tethernetfwo USB ports,two RS232ports,16 TTLs, and
especially3 firewire ports). Theboardcomprises PC104slot, on whichwe addediour moreRS232ports
anda PCMCIA interfaceto hostalight 11 M bits/s ethernemodemcard. Thanksto the 566 Mhz Celeron
processawision algorithmswill eventuallyrunon-boardthe CPU.
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Figure3: Systenhardwarearchitectue

Actuator control. Thecontrolsurfaceandmotorsenosof theblimp areusualPWM controlledmodelist
devices. We usea singlechip® thatcangenerateaup to 8 sustained®WM signalsfrom a RS232input to
controltheactuatorsFor safetyreasonsit is essentiathatan operatorcanretrieve the blimp controlfrom
the groundwith theradio, at arytime: thisis donethanksto aradio controlledswitch,that cutsthe PWM
signalscomingoutfrom the chip.

Thewholehardwarearchitecturas sketchedn figure 3, andsomespecification®f the variousdevices
aresummarizedn table2.2. Thetotal equipmentveightis 1.520 kg, which leavesonly 1.300 kg for the
variousmechanicaparts,wiresandbatterieghatmustprovide the necessarpdditional40V .

Device Brand/Model Weight Enegy Specd comments
. . yaw : 1.0° RMS;
ggr;“epgfg Incli- Prec}%‘,’\ﬂ”;a" / 30g 0.25W @12V | Pitch/Roll; 0.2°
RMS
Wind sensor LCJ((:Z\E;lg'::eursl 2409 0.6W @ 12V Acc. '19'5(157'1/8'
Trimble/Lassen . Acc. : 2m CER
GPS SKII 1109 2.0W @5V 0.05m/s
1280 x 1024 B&W
SterecdCameras | Vitana/PL-A633 2x809 2x3W@i2v images 10 bits
pixels
Including2 PC104
CPU Matrox/4Sight 8509 30W @ 12v boards20 GoHD,
modem
Lenses Cosmicar 9 % 654 36° x 4_5° field of
12mmF/1.2 view
Total 1.520kg < 40W @ 12V

2.3 Energy management

Enepy is acritical issuefor ary flying device, mainly for safetyconsiderationsin our casewe alsowould
like to have moreautonomywhile satisfyingthe maximalpayloadconstraint.
Our AS-500wasoriginally equippedwith 3 setsof NiCd batteries:onefor theradiorecever andthe

senos (4.8V, 1.2Ah, 0.140kg), onefor the sternthruster(7.2V, 2.0Ah, 0.350kg) andonefor the main
thrusterq14.4v, 5.0Ah, 1.880kg).

3A FerretTonicsFT629



We decidedo replacethe two thrusterbatterieswith Lithium/lon batteriesthathasze a muchmorein-
terestingoower/weightratio (about2.5timesbetter whichrespectrely saves1.200kg and0.200kg weight
for the main and sternthrusters) andto feedthe instrumentswith an otherseparatesetof batteries.In
total, the blimp now has4 power sourcesgachof thembeingcritical for its operation. So eachbattery
is managedy a Maxim MAX1648 chip, that allows both the “intelligent” chage of the batteryandthe
dispatchingof statusinformationsto the CPUvia a multiplexedseriallink. Thefour chaging modulesare
linked to a singleconnectaron which a power sourceis pluggedwhile the blimp is on the ground(which
allows bootingand detugging without ary power loss),and on which a rescuesetof non rechageable
Lithium/lon batterieds pluggedin flight (anadditionalweightof only 0.200kg to deliver5.0Ah @ 15V/).
This very flexible structurealso allows the future useof an alternatepower sourceon flight, suchasa
Stirling engineof afuel cell.

2.4 Currentstatusand issues

All theon-boardaddedequipmen(besideghe steredbenchandthewind sensorwhich is mountedon the
noseof the blimp) fits into a drawver-like box thatcanbeeasilyremoved from thegondola.

More sensors. Thevariousblimp stateestimationsensorsnentionedabove provide the sufiicient infor-

mationsto tackle flight controlin aerostatiomode(i.e. hovering or flying at very low speeds).But to

controlaerodynamienodesthe pitch andyaw rateinformationsare necessaryWe do not know whether
the derivation of theseinformationsfrom the inclinometerswill be suitableor not: if not, we will add
two solid-staterategyrosfor thatpurpose Also, the altitudeestimateprovided by the GPSrecever is not

preciseenoughto safelyseno the taking-of andlanding phases:for that purpose we will adda sonar
telemeter Fortunately the main dravback of sonarsin robotics,i.e. their wide perceptionconewhich

maketheir datainterpretatiorso tedious,will turninto anadwantagen our case astherewill beno need
to mechanicallystabilizeit alongthevertical. Finally, we arestill investigatingfor 3D wind sensorgPitot
tubesareunfortunatelynot sensitve enoughat the low blimp speeds).

Energy issues. As mentionedabore, enegy is a critical issuefor a blimp. In our case the square/cube
law* detersthe useof solarcellsasin [10]. A very appealingsolutionwould be to usea Stirling engine,
thatcould provide a large autonomy:we arecurrentlyinvestigatingto find anenginethatwould deliver a
few tensof Watts. Our choiceof enegy managementaneasilybenefitfrom sucha device, which output
would simply be pluggedto the main connector The batterieswill be kept, to ensurethe possibility to
deliver high enegy whenrequired(duringtaking-of for instance).

3 High resolutionterrain mapping

3.1 Experimental Setup

Althoughour AS-500is notyetoperationalye couldevaluatethepossibilityto build digital elevationmaps
from low sterecimagerywith a tetheredballoon (figure 4). The stereobenchis composedf two black
andwhite 752 x 582 pixels CCD camerasgachcamerahasa field of view of approximately60° x 45°,
andthebaselindgs 1.20m. Calibrationof the benchhasbeenmadepossiblewith a setof imagepairsof a
calibrationframelaid ontheground.A few hundred®f steregairshave beenacquirecovera 100 x 100m?
surfaceataltitudesvaryingfrom 10to 30 metersduringthreedifferentacquisitionruns. Thesurfaceover
whichtheballoonflew containselementf variousnaturesrocky areasgrassareasfencestall treesand
bushesa smallbuilding anda parkinglot (figure4).

Imagesweretransmittedo a framegrabberon thegroundvia a 50m videocable,andarethereforeof
quite poorquality. Also, thevideocable thetetherandthe operatothatmovedtheballooncanbeseernon
almostall imageg(figure6).

4An airshipsurfacegrows up with the squareof its dimensionwhereasts volumegrows up with the cube. This hasimportant
consequencesn airshipcontrollability in wind gusts,the aerodynamidorcesandthe inertiabeingrespectrely proportionalto the
squareandthe cube,but alsoon the possibilityto usesolarcells.
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Figu re4: Thetetheedballoonwe usedto getlow altitude stereoimages(left), and the threeacquisitionruns drawn on a sketch
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Figure5: Threeexamplesof imagestakenfromtheballoon. Fromleft to right: view of therocky area, viewof thefire place(note
thetreeandits shadowonthetop-leftpart of theimage),andviewof theroof of the smallbuilding (notethe shadowof the building).

3.2 Stereovision

Our sterewision algorithmis a classicalpixel correlationalgorithm[7]. A densedisparityimageis pro-

ducedfrom a pair of imagesthanksto a correlation-basegixel matchingalgorithm (we useeitherthe
ZNCC criteriaor the censugnatchingcriteria), false matchesareavoidedthanksto a reversecorrelation.
With good quality images,the reversecorrelationphaseis enoughto remave the few false matcheghat
occur But whentheimagesarenot of very goodquality, threethresholdslefinedon the correlationscore
curwve areusedto discardfalsematcheqon the value of the highestscore,on the differencebetweerthis
scoreandthe seconchighestpeakin the curve, andon the“sharpnessdf the peak). Althoughtheimages
acquiredfrom the balloonare not of very goodquality, settingthesethresholdsvaseasy However, the
introductionof thesethresholdsemores goodmatchesgspeciallyin low textured and shadev areas|n

which noiseis higherthanluminancevariations.Figure6 presentsomeresultsof thealgorithmonvarious
imagepairs.

3.3 Building a DEM

The main difficulty to build a digital elevation map comesfrom the uncertaintieson the 3D input data,
thatcanhardlybe propagatedhroughouthe computationgndrepresenteé thegrid structure In the 3D
data,therange(depth)coordinatds the mostunprecisegspeciallyin the caseof sterewision, wherethis
uncertaintygrows quadraticallywith the distance.But the problemis well conditionedwhenusingaerial
imagedooking downwards.Not only thedataresolutiononthegroundis regular, but alsotheuncertainties
on the 3D data“fits” well arepresentationf the uncertaintiesn the digital map: the uncertaintiesn the
datacanbefairly well estimatedy a standardleviation onthecell elevation.
Consideringhesepropertiesof the data,our algorithmto build a DEM thereforecomesdown to com-
putingthe elevation of the cell by averagingthe elevationsof the 3D pointsthatareprojectedn thecells.



Figu re6: Resultof the sterovisionalgorithmon threeexampleimages Original imageswhere non-matchegixelsare white are
onthetopline, disparityimagesare on the bottomline. Thedisparityis here codedwith grey levels:the darkerthe pixels,thecloser
they are to thecameras.Theleft resultis anideal case whete mostof the pixelsare matched . Themiddleandright examplesshow
thatthe stereovisionalgorithmhardly find matchesn the shadowedreas.

Figure?: A digital elevationmapcomputedvith a singlestereovisionimage(the leftmostoneof figure 6). Fromleft to right: top
viewof theelevationsodedin grey levels,top viewof theluminancevaluesstoredin the DEM, and 3D view Thehorizontalplaneof
theDEM is here definedorthogonallyto theviewaxis of the stereovisionmageconsideed.

The standarddeviation on the elevation is also straightforwardlycomputed,and sinceto each3D point
is associate@ luminancevalue, it is alsopossibleto computea meanluminancevaluefor eachmapcell
(figure7).

3.4 Motion Estimation

Sincethe balloonis not equippedwith ary positioningdevice, one mustdeterminethe relative positions
of the systembetweersuccessie steredframesin orderto build a global digital elevation map. For that
purposewe adapteda motion estimationalgorithmwe initially developedfor groundrovers(sketchedn

figure8 - moredetailscanbefoundin [11]).

But when appliedwith a groundrover, the tracking phaseis initiated using a first estimateof the
motion provided by odometry This is not possiblewith the balloonimages:no initial motion estimate
beingprovided,thereis nowayto focusthe searchareain theimageso trackthe pixels.

This phaseis thereforereplacedby an algorithm that matchesinterestpoints detectedon a pair of
grey level imagestakenfrom arbitrary points of view. First matchinghypothesesre generatedisinga
similarity measureof the interestpoints. Hypothesesre confirmedusinglocal groupsof interestpoints:
groupmatchesarebasedon a measuralefinedon an affine transformatiorestimateanda on correlation
coeficient computedon the intensity of the interestpointsthat are consistentwith the estimatedaffine
transformationOnceareliablematchhasbeendeterminedor agiveninterestpointandthecorresponding
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stereovisionframe: this produces3D pointsassociationgright - the 3D imagesare representeés DEMsfor readabilitypurposes),
fromwhichthe motionis estimated.
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localgroup,new groupmatchearefoundby propagatinghe estimatedaffine transformatior{moredetails
onthisalgorithmcanbefoundin [9]).

The algorithmprovidesdensematchesandis very robustto outliers,i.e. interestpointsgeneratedy
noiseor presentin only oneimagebecausef occlusionsor non overlap. Figure 9 shavs someresults
of theinterestpointsmatchingalgorithmon someimagesacquiredwith the balloon: not surprisingly no
interestpointsarematchedn the shadav andlow texture areas.This is essentiallydueto the poorimage
quality, thatgenerateinstablecornersin suchareas Fortunately thealgorithmis extremelyrobus®, andis
notaffectedby this.

Figu re9: Threeresultsof theinterestpoint matchingalgorithm, appliedbetweerthe exampleimagesof figure 6 andthe following
onesin the acquisitionsequenceThewhite squaesindicatetheinterestpointsthat were matched Notethat the viewpointchanges
in themiddleandright imagesare quiteimportant: nevertheless)o erroneousnatchesvere established.

5|t hasbeentestedwith hundredsf imagesof various3D scenestakenin variousconditionsandervironments.



3.5 First results

Thanksto thesethreealgorithms(sterewision, motionestimationrandmapbuilding), we couldbuild vari-
ousdigital elevationsmapsintegratingseveraltensof steredmages$.

Figure 10 presentsa digital elevation mapbuilt with 120 sterewision pairs, covering about1500m?2,
with acell resolutionof 5 x 5¢cm?. Thetrajectoryexecutedoy the blimp, which couldberecoreredusing
the localizationalgorithm, is an about100m long loop. The lastimagesoverlapsthe first images,and
no discrepanciesanbe obseredin the final modelon this area:the localizationalgorithmgave herean
extremelyprecisepositionestimatewith afinal errorof theorderamapcell size,i.e. about0.1%. Figurell
shav two mapshuilt with imagescorrespondindo the secondrajectory andfigure 12 shav themapbuilt
with all theimagesof thethird trajectory:the positionestimatiorin thislattercasedrifted of aboutl % (see
thediscrepanciebighlightedby blueellipses).

FigurelO: Final digital elevationrmapproducedvith the 120stereovisionmagescorrespondiig to thefirst trajectoryin thesketch
mapof figure 4. Left: 3D model,in whichsomepeaksare artifacts dueto the presenceof the movingoperator Right: a top view of
thismodel whichis actuallyan ortho-imageof theterrain. The“vertical” projectionof the blimp positionsare shownassmallblack
framesin thisimage.

Figu rell: Thetwo ortho-imagesorrespondingo DEMshuilt fromimagesof the secondrajectoryin figure4.

All the imageswere processeaff-line, but the computationdimes are compatiblewith an on-line
implementation.Most of the time being consumedy sterewision andinterestpoints matching,which
bothtakeaboutonesecondn anUltra-10 SparcCPU (an optimizedcompilationon-boarcthe Celeronof
the AS-500shoulddramaticallyspeedup theseperformances).

6In the absencef anyattitudeestimationdevice on-boardthe blimp, the planeof the DEM is definedorthogonallyto the view
axisof thefirst stereovisiorpair considered.



Fig ure12: Final digital elevationmapproducedwith the 80 stereovisionimagescorrespondingo the third trajectory of figure 4.
Theoverall positionestimationerror canbe seenon top of theright image where thefirst andthelastimagesoverlap(blueellipse).
Theabsolutetranslationerroris about  at theendof thetrajectory.

4 Flight control

Our objective is to endav the AS500with the ability to executeplannedtrajectorieson the basisof its
sensorsandin the long term on the basisof the perceptionof groundelements. For that purpose ,we
have characterizeé completemodelof our airshipthattakesinto accounthe aerodynamicgdynamicand
aerostatiavrenches Fromthis modelwe have developeda control stratgy which is basedon lateraland
longitudinal statedecoupling. As the dynamicswithin the longitudinal andlateralplanesturnsout to be
very weakly dependentthis decouplingappeargjuite naturally Following this considerationwe have
definedtwo 6-dimensionakubsystemsyy splitting the initial model. Futhermorewe usedthe property
that the dynamicsof a part of the statevariablescan be linearizedaroundan equilibrium value which
correspond$o theairshipcruisingspeed.
Consideringhe decouplingpropertyandthe nature
of actuators,the following five flight phaseshave to
be considered: takeof, longitudinal transition phase, TAKE OFF
steadylateralnavigation,steadyiongitudinalnavigation, —
landing. A diagramrepresentingheseflight phasesind
the possibletransitionsbetweenthemis representedh Transitional

figure (13). Long.itudinal
The control stratgy allowing to perform the dif- /F"ght
ferentflight phaseds basedon three nominal control

laws. Due to the vectoredthrust, the motion involves
first a transitionallongitudinal phaseduring which the
propelleris progressiely drivenfrom the verticalto the
horizontalposition. The control stratgy involvesthen
successiey lateralandlongitudinalcontrol. Thelongi-
tudinal controlis basedon trajectorytrackingwhile the *’7
lateraloneis definedasa pathfollowing. To consider
both dynamicand geometricconstraints backstepping
techniquesareinvolved. A detaileddescriptionof the
controllersis presentedh [8]).

Longitudial
Tracking

Lateral

Navigation

LANDING

Figurel3: Theflight controlstratey
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5

Curr entwork andissues

Regardingervironmentmodeling,ourfocusis onthedevelopmentof a“SLAM-based”approactio ensure
the building of a spatiallyconsistentnodel. The localizationmethodwe usedhere(which we referto as
“optical odometry”) eventually drifts, aserrorsare cumulatedover the distancetraveled. For the SLAM
algorithm,we intendto usesomeof the interestpointsdetectedaslandmarks.

Fromamoreprospectie pointsof view, we areinvestigatinghepossibilityto integratevarioussources

of aerialinformationsin the DEM, includingdataacquiredby a groundrover. Thelatterproblemis avery
importantone,asit is a basisuponwhich future air/groundrobotscollaboratie scenarioganbe built.

Finally, first flight controlexperimentsareplannedor the summer2002.
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