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Abstract

Thispaperpresentsthecurrentstatusof thedevelopmentof anautonomousblimp. Detailsaregiven
on thehardwaresetup,which is currentlyalmostoperational.Somefirst experimentalresultson terrain
mappingterrainmappingwith low altitudestereoimageryarepresentedanddiscussed,andsomeinsights
regardingflight controldevelopmentsaregiven. Thepaperalsosketchessomeresearchissuesraisedby
thedevelopmentof autonomousblimps.

1 Intr oduction

Our longtermobjectivesin field roboticsis to tacklethevariousissuesraisedby thedeploymentof hetero-
geneousautonomoussystems,in thecontext of exploration,surveillanceandinterventionmissions.Within
suchcontexts,aerialrobotswill undoubtlyplaya growing role in thenearfuture,not only duringthemis-
sionpreparationphase(in whichdronescanalreadygatherenvironmentinformationsfor instance),but also
on-line,duringthemissionexecution.Aerial robotscanthenprovide theroverswith telecommunications
support,aswell aswith up-to-dateinformationson theenvironment.They canalsolocalizetheroversas
they evolve within this environment,andevenachieve by themselvessomeof themissiongoals.

In the context of our field roboticsproject,we recentlyinitiated the developmentof an autonomous
blimp. While not beingunconditionalpromotersof blimps andairships,we areconvincedthat the ever
on-goingdevelopmentsin a widespectrumof technologies,rangingfrom actuator, sensorsandcomputing
devicesto energy andmaterialwill ensurelighter thanair machinesapromisingfuture.Thereis undoubtly
a regainof interestin this domain,asshown by therecentindustrialdevelopmentson heavy loadstrans-
portationprojects(suchasCargoLifter andthe ATG Skycats1, not to mentionvariousotherprospective
transportationprojects),andon stratospherictelecommunicationplatforms. As for small-sizeunmanned
radio-controlledmodels,whichsizeis of theorderof a few tensof cubicmeters,theirdomainof operation
is currentlyessentiallyrestrainedto advertisingor aerialphotography. But their propertiesmakestheman
very suitablesupportto developheterogeneousair/groundroboticssystems:they areeasyto operate,they
cansafelyfly at very low altitudes(down to a few meters),andespeciallytheir dynamicsis comparable
with thegroundroversdynamics,asthey canhover a long timeover a particulararea,while beingableto
fly at several tensof kilometersperhour, still consuminglittle energy. Their mainandsoleenemyis the
wind (see[6] for a detailedandconvincing review of theprosandconsof smallsizeairshipswith regards
to helicoptersandplanes).Let’s alsonotethatsomespecificapplicationsof unmannedblimps aremore
andmoreseriouslyconsideredthroughouttheworld, from planetaryexplorationto military applications,
asshown by numerouscontributionsin theAIAA LighterThanAir conferencesfor instance[1].

Thefirst mentionsof thedevelopmentof unmannedautonomousblimpscanbefoundin theliterature
of thelate80’s,but it’ sonly recentlythatvariousprojectshave reachedeffectiveachievements.Oneof the

1up-to-dateinformationsontheseprojectsatwww.cargolifter.comandwww.airship.com
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nicestAurora,a projectheldat theInformationTechnologyInstituteof Campinas,Brazil, mainlydevoted
to flight control [3, 2], but within which otherissuesarealsoconsidered[4, 5]. Interestingprojectsare
alsounderdevelopmentat the university of Virginia [12], at the university of Stuttgart[13, 10] and in
variousotherlabs.Oneof theinterestingcharacteristicsof suchprojectsis thatthey mix variousinnovative
technologicaldevelopmentsandfundamentalresearch(mainlyonairshipflight control).

Besideslong-termdevelopmentsrelatedto thecoordinationandcooperationof heterogeneousair/ground
robots,our researchwork on autonomousblimpsis currentlytwofold: weconcentrateon thedefinitionof
blimp trajectorycontrol laws, andon environmentmodelingissuesusinglow altitudeimagery. For that
purpose,we acquiredin the endof 2001a 15 cubic meterairship,anddefinedthe necessaryon-board
equipment.

This paperpresentsthecurrentstatusof theproject. Thefirst sectiondescribeshardwareissues.Sec-
tion 3 presentsomeresultsof terrainmappingwith low altitudestereoscopicimagery, andsection4 present
ourinvestigationsin thedomainof airshipflight control.Throughoutthepaper, potentialtechnologicaland
researchissuesarementionedanddiscussed.

2 The experimentalplatform

2.1 An AirspeedAirship AS-500

Figure1: Our AS500during its first testflight in Novem-
ber 2001 (no on-board instrumentwere installed at that
time)

Variousradio-controlledblimpsarebuilt throughoutthe
world. After oneyearof investigations,we decidedto
acquireand AS-500model from the englishcompany
AirspeedAirship2. Criteriafor this choicewerethesize
of theblimp (whichwewantedto berathersmall,for the
easeof deploymentandstocking),its availablepayload
andits possibleoperationmodes.

Nominal specifications. According to the construc-
tor, the technicalcharacteristicsof the original AS-500
modelarethefollowing:

��������� long, 	 ����
�� maxdiameter, giving avolume
of about 	
� ��
���� , anda fitnessratioof � � � � .
� Vectorizedthrust( 	 
�
�� range),with two ��� ��� ���

engines,allowing speedsup to ����� ����� , possible
control in wind gustsup to � ��� ����� , andan en-
duranceof � 
 minuteswith a 	 ��
 ��� fuel load.

� Thehull is madeof weldedmylar, andequipped
with 4 control ruddersin a “x shape”configura-
tion. A ballonetfed with air capturedat the rear
of the propellersmaintainsa constanthull pres-
sure,and a radio-controlledvalve on top of the
hull can releasehelium when the temperatureis
gettinghigher.

� Thestaticpayloadof theAS-500(i.e. to reachthe
equilibrium) is � � ����� , and the blimp mustalwaysbe overweightedof 	 � � to ����
 ��� in flight: the
maximalavailablepayloadis thereforeabout����� .

2Thecompany’shomepageis www.airship.demon.co.uk/airspeed.html- theplatformusedin theAuroraprojectis anAS-800,a
similar biggermodel.
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Figure2: Thevariouscontrol parametersof our AS-500

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

� Electricmotors: to have a finer controllability, we preferredto opt for electricmotors.They do not
weigh morethanfuel engines,but arelesspowerful, thusreducingthe maximumreachablespeed
andthepossibilityto fly in wind gusts.Their maindrawbackis theweightof therequiredbatteries,
whichconsiderablyreducestheavailablepayload.We will howeverseein section2.3thatthanksto
lighterbatteriesandpossiblealternativeenergy sources,thisdrawbackcanbeovercomed.

� Sternthruster:theruddercontrolsurfacesrequireacertainspeedto allow changesin boththealtitude
andorientationof theblimp. In orderto have thepossibilityto maneuver theblimp while hovering,
wechooseto adda sternthruster, thatgivesthepossibilityto controltheyaw angle.

Thevariouscontrolparametersof theblimp aresketchedin figure2. With thespecifiedconfiguration,
we madea first testflight, in order to checkthe availablepayload. It turnedout that the staticpayload
to reachequilibriumdecreaseddown to 	 � ����� , dueto thebatteriesweight. We couldsuccessfullyfly and
maneuver theblimp with 	 � ����� overweight(thewholeavailablepayloadis therefore��� � ��� ), but theflight
autonomyis not longerthan 	
� minuteswith thebatteriesprovided.

2.2 On-board equipment

To transformtheblimp from a radio-controlledmachineto a robot,we equippedit with a setof proprio-
ceptive andexteroceptive sensors,andwith computingandcommunicationscapabilities.

Stereovision. Oneof theadvantageof having abig platformis thatit cancarryawidebasestereobench,
thushaving thepossibilityto directlygather3Ddataontheoverflownground.Weadapted2 highresolution
digital B&W camerason a rigid ��� carbonprofile that traversesthe 	 � � � long AS-500gondola(useof
stereoimageryto build a highresolutionDEM is presentedin section3).

Blimp stateobservation. In orderto tackletheflight controlproblem(andalsoto easethedevelopment
of mappingalgorithms),we addedthefollowing sensors:a differentialGPSreceiver, a fluxgatecompass,
that alsoprovide the blimp pitch androll angles,anda wind sensor(sonartransducertechnology),that
measuresthespeedandorientationof therelative wind in thelongitudinalplane.

CPU. We optedfor a Matrox 4Sightboard:it is anEBX form factorPCmotherboard,endowedwith all
thenecessarycommunicationports(100base-Tethernet,two USB ports,two RS232ports,16 TTLs, and
especially3 firewire ports).TheboardcomprisesaPC104slot,onwhichweaddedfour moreRS232ports
anda PCMCIA interfaceto hosta light 	�	
� �"!$#&% � % ethernetmodemcard.Thanksto the566Mhz Celeron
processor, visionalgorithmswill eventuallyrunon-boardtheCPU.

3



StereoVision

Wind sensor

Ethernet
radio modem

Ethernet
radio modem

GPS

MMIGPS reference

inclinometers

FT629 chip

Compass

RadioControl

RC receiver

5 Servos B
lim

p

Battery
status

G
ro

un
d

RS232
CPU

CPU

RS232

RS232

RS232

IEEE1394

PWM

PWM

RS232

RS232

Figure3: Systemhardwarearchitecture

Actuator control. Thecontrolsurfacesandmotorservosof theblimpareusualPWMcontrolledmodelist
devices. We usea singlechip3 thatcangenerateup to 8 sustainedPWM signalsfrom a RS232input to
controltheactuators.For safetyreasons,it is essentialthatanoperatorcanretrievetheblimp controlfrom
thegroundwith theradio,at anytime: this is donethanksto a radiocontrolledswitch,thatcutsthePWM
signalscomingout from thechip.

Thewholehardwarearchitectureis sketchedin figure3, andsomespecificationsof thevariousdevices
aresummarizedin table2.2. Thetotal equipmentweight is 	 � � ��
 kg, which leavesonly 	 � � 
�
 kg for the
variousmechanicalparts,wiresandbatteriesthatmustprovidethenecessaryadditional� 
(' .

Device Brand/Model Weight Energy Specs/ comments

Compass/ Incli-
nometer

PrecisionNav. /
TCM2

30g 
���� � '*) 	 �(+
yaw : 	 ��
�� RMS;
Pitch/Roll: 
���� �

RMS

Wind sensor
LCJ Capteurs/

CV3F
240g 
���,('-) 	 �(+ Acc. : 
���
 � ��� % ,

	 � � �
GPS

Trimble/Lassen
SK II

110g ����
('*) � + Acc. : ��� CEP,
�� 
 � ��� %

StereoCameras Vitana/PL-A633 �/.0��
 g �/. � '-) 	 �1+
	 ����
2. 	 
�� � B&W

images,10bits
pixels

CPU Matrox/4Sight 850g � 
1'-) 	 �1+
Including2 PC104
boards,20GoHD,

modem

Lenses
Cosmicar/
12mmF/1.2

�/.0, �3� � ,��4. ��� � field of
view

Total 	 � � ��
 ��� 5�� 
('-) 	 �(+

2.3 Energy management

Energy is acritical issuefor any flying device,mainly for safetyconsiderations.In ourcase,wealsowould
like to have moreautonomy, while satisfyingthemaximalpayloadconstraint.

Our AS-500wasoriginally equippedwith 3 setsof NiCd batteries:onefor theradioreceiver andthe
servos ( � ���(+ , 	 � �768� , 
�� 	9� 
 ��� ), onefor the sternthruster( �����(+ , ����
:6;� , 
�� ��� 
 ��� ) andonefor themain
thrusters( 	"� � �(< , � � 
768� , 	 ������
 ��� ).

3A FerretTronicsFT629
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We decidedto replacethetwo thrusterbatterieswith Lithium/Ion batteries,thathave a muchmorein-
terestingpower/weightratio(about2.5timesbetter, whichrespectively saves 	 � ��
�
 ��� and 
�����
�
 ��� weight
for the main andsternthrusters),andto feedthe instrumentswith an otherseparatesetof batteries.In
total, the blimp now has4 power sources,eachof thembeingcritical for its operation.So eachbattery
is managedby a Maxim MAX1648 chip, that allows both the “intelligent” charge of thebatteryandthe
dispatchingof statusinformationsto theCPUvia amultiplexedseriallink. Thefour charging modulesare
linked to a singleconnector, on whicha powersourceis pluggedwhile theblimp is on theground(which
allows bootinganddebuggingwithout any power loss),andon which a rescuesetof non rechargeable
Lithium/Ion batteriesis pluggedin flight (anadditionalweightof only 
�����
�
 ��� to deliver � ��
:68�/) 	
� + ).
This very flexible structurealsoallows the future useof an alternatepower sourceon flight, suchasa
Stirling engineof a fuel cell.

2.4 Curr ent statusand issues

All theon-boardaddedequipment(besidesthestereobenchandthewind sensor, which is mountedon the
noseof theblimp) fits into a drawer-like box thatcanbeeasilyremovedfrom thegondola.

More sensors. Thevariousblimp stateestimationsensorsmentionedabove provide thesufficient infor-
mationsto tackleflight control in aerostaticmode(i.e. hovering or flying at very low speeds).But to
controlaerodynamicmodes,thepitch andyaw rateinformationsarenecessary. We do not know whether
the derivation of theseinformationsfrom the inclinometerswill be suitableor not: if not, we will add
two solid-staterategyrosfor thatpurpose.Also, thealtitudeestimateprovidedby theGPSreceiver is not
preciseenoughto safelyservo the taking-off andlandingphases:for that purpose,we will adda sonar
telemeter. Fortunately, the main drawbackof sonarsin robotics,i.e. their wide perceptionconewhich
maketheir datainterpretationsotedious,will turn into anadvantagein our case,astherewill beno need
to mechanicallystabilizeit alongthevertical. Finally, wearestill investigatingfor 3D wind sensors(Pitot
tubesareunfortunatelynot sensitiveenoughat thelow blimp speeds).

Energy issues. As mentionedabove, energy is a critical issuefor a blimp. In our case,thesquare/cube
law4 deterstheuseof solarcellsasin [10]. A very appealingsolutionwould be to usea Stirling engine,
thatcouldprovide a largeautonomy:we arecurrentlyinvestigatingto find anenginethatwould deliver a
few tensof Watts.Our choiceof energy managementcaneasilybenefitfrom sucha device, whichoutput
would simply be pluggedto the main connector. The batterieswill be kept, to ensurethe possibility to
deliverhighenergy whenrequired(duringtaking-off for instance).

3 High resolutionterrain mapping

3.1 Experimental Setup

AlthoughourAS-500is notyetoperational,wecouldevaluatethepossibilityto build digital elevationmaps
from low stereoimagerywith a tetheredballoon(figure 4). The stereobenchis composedof two black
andwhite � � �/. � ��� pixelsCCD cameras;eachcamerahasa field of view of approximately,�
��2. ��� � ,
andthebaselineis 	 ����
�� . Calibrationof thebenchhasbeenmadepossiblewith a setof imagepairsof a
calibrationframelaidontheground.A few hundredsof stereopairshavebeenacquiredovera 	 
�
=. 	 
�
���>
surface,ataltitudesvaryingfrom 10to 30meters,duringthreedifferentacquisitionruns.Thesurfaceover
which theballoonflew containselementsof variousnatures:rocky areas,grassareas,fences,tall treesand
bushes,a smallbuilding anda parkinglot (figure4).

Imagesweretransmittedto a framegrabberon thegroundvia a � 
�� videocable,andarethereforeof
quitepoorquality. Also, thevideocable,thetetherandtheoperatorthatmovedtheballooncanbeseenon
almostall images(figure6).

4An airshipsurfacegrows up with thesquareof its dimension,whereasits volumegrows up with the cube.This hasimportant
consequenceson airshipcontrollability in wind gusts,the aerodynamicforcesandtheinertiabeingrespectively proportionalto the
squareandthecube,but alsoon thepossibilityto usesolarcells.
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Figure5: Threeexamplesof imagestakenfromtheballoon. Fromleft to right: viewof therockyarea,viewof thefireplace(note
thetreeandits shadowonthetop-leftpart of theimage),andviewof theroofof thesmallbuilding (notetheshadowof thebuilding).

3.2 Stereovision

Our stereovision algorithmis a classicalpixel correlationalgorithm[7]. A densedisparityimageis pro-
ducedfrom a pair of imagesthanksto a correlation-basedpixel matchingalgorithm(we useeither the
ZNCC criteriaor thecensusmatchingcriteria),falsematchesareavoidedthanksto a reversecorrelation.
With goodquality images,the reversecorrelationphaseis enoughto remove the few falsematchesthat
occur. But whentheimagesarenot of very goodquality, threethresholdsdefinedon thecorrelationscore
curve areusedto discardfalsematches(on thevalueof the highestscore,on thedifferencebetweenthis
scoreandthesecondhighestpeakin thecurve,andon the“sharpness”of thepeak).Althoughtheimages
acquiredfrom the balloonarenot of very goodquality, settingthesethresholdswaseasy. However, the
introductionof thesethresholdsremovesgoodmatches,especiallyin low texturedandshadow areas,in
whichnoiseis higherthanluminancevariations.Figure6 presentssomeresultsof thealgorithmonvarious
imagepairs.

3.3 Building a DEM

The main difficulty to build a digital elevation mapcomesfrom the uncertaintieson the 3D input data,
thatcanhardlybepropagatedthroughoutthecomputationsandrepresentedin thegrid structure.In the3D
data,therange(depth)coordinateis themostunprecise,especiallyin thecaseof stereovision, wherethis
uncertaintygrows quadraticallywith thedistance.But theproblemis well conditionedwhenusingaerial
imageslookingdownwards.Not only thedataresolutiononthegroundis regular, but alsotheuncertainties
on the3D data“fits” well a representationof theuncertaintiesin thedigital map: theuncertaintiesin the
datacanbefairly well estimatedby a standarddeviationon thecell elevation.

Consideringthesepropertiesof thedata,ouralgorithmto build a DEM thereforecomesdown to com-
putingtheelevationof thecell by averagingtheelevationsof the3D pointsthatareprojectedin thecells.
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Figure6: Resultsof thestereovisionalgorithmon threeexampleimages.Original imageswherenon-matchedpixelsarewhiteare
on thetopline, disparityimagesareon thebottomline. Thedisparityis herecodedwith grey levels:thedarkerthepixels,thecloser
they are to thecameras.Theleft resultis an ideal case,wheremostof thepixelsarematched.Themiddleandright examplesshow
that thestereovisionalgorithmhardly findmatchesin theshadowedareas.

G
H

Figure7: A digital elevationmapcomputedwith a singlestereovisionimage(theleftmostoneof figure6). Fromleft to right: top
viewof theelevationscodedin grey levels,topviewof theluminancevaluesstoredin theDEM, and3D view. Thehorizontalplaneof
theDEM is heredefinedorthogonallyto theviewaxisof thestereovisionimageconsidered.

The standarddeviation on the elevation is alsostraightforwardlycomputed,andsinceto each3D point
is associateda luminancevalue,it is alsopossibleto computea meanluminancevaluefor eachmapcell
(figure7).

3.4 Motion Estimation

Sincethe balloonis not equippedwith any positioningdevice, onemustdeterminethe relative positions
of the systembetweensuccessive stereoframesin orderto build a global digital elevationmap. For that
purpose,we adapteda motionestimationalgorithmwe initially developedfor groundrovers(sketchedin
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 focusthesearchareain theimagesto trackthepixels.

This phaseis thereforereplacedby an algorithmthat matchesinterestpoints detectedon a pair of
grey level imagestakenfrom arbitrarypointsof view. First matchinghypothesesaregeneratedusinga
similarity measureof the interestpoints. Hypothesesareconfirmedusinglocal groupsof interestpoints:
groupmatchesarebasedon a measuredefinedon anaffine transformationestimateanda on correlation
coefficient computedon the intensityof the interestpoints that areconsistentwith the estimatedaffine
transformation.Onceareliablematchhasbeendeterminedfor agiveninterestpointandthecorresponding
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to bottom.Givena stereovisionimagepair, a setof pixelsareselectedon theleft image.They are trackedandmatchedin thenew
stereovisionframe: this produces3D pointsassociations(right - the3D imagesare representedasDEMsfor readabilitypurposes),
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localgroup,new groupmatchesarefoundby propagatingtheestimatedaffinetransformation(moredetails
on thisalgorithmcanbefoundin [9]).

Thealgorithmprovidesdensematchesandis very robust to outliers,i.e. interestpointsgeneratedby
noiseor presentin only oneimagebecauseof occlusionsor non overlap. Figure9 shows someresults
of the interestpointsmatchingalgorithmon someimagesacquiredwith theballoon: not surprisingly, no
interestpointsarematchedin theshadow andlow textureareas.This is essentiallydueto thepoorimage
quality, thatgenerateunstablecornersin suchareas.Fortunately, thealgorithmis extremelyrobust5, andis
notaffectedby this.

Figure9: Threeresultsof theinterestpoint matchingalgorithm,appliedbetweentheexampleimagesof figure6 andthefollowing
onesin theacquisitionsequence.Thewhitesquaresindicatetheinterestpointsthat werematched.Notethat theviewpointchanges
in themiddleandright imagesarequiteimportant:nevertheless,no erroneousmatcheswereestablished.

5It hasbeentestedwith hundredsof imagesof various3D scenes,takenin variousconditionsandenvironments.
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3.5 First results

Thanksto thesethreealgorithms(stereovision, motionestimationandmapbuilding), wecouldbuild vari-
ousdigital elevationsmapsintegratingseveraltensof stereoimages6.

Figure10 presentsa digital elevationmapbuilt with 120 stereovision pairs,covering about 	I� 
�
�� > ,
with a cell resolutionof � . ��� ��> . Thetrajectoryexecutedby theblimp, whichcouldberecoveredusing
the localizationalgorithm,is an about 	 
�
�� long loop. The last imagesoverlapsthe first images,and
no discrepanciescanbeobservedin thefinal modelon this area:the localizationalgorithmgave herean
extremelyprecisepositionestimate, with afinalerrorof theorderamapcell size,i.e. about
�� 	IJ . Figure11
show two mapsbuilt with imagescorrespondingto thesecondtrajectory, andfigure12show themapbuilt
with all theimagesof thethird trajectory:thepositionestimationin this lattercasedriftedof about 	
J (see
thediscrepancieshighlightedby blueellipses).

Figure10: Final digital elevationmapproducedwith the120stereovisionimagescorrespondingto thefirst trajectoryin thesketch
mapof figure4. Left: 3D model,in whichsomepeaksareartifactsdueto thepresenceof themovingoperator. Right: a top viewof
thismodel,whichis actuallyanortho-imageof theterrain. The“vertical” projectionof theblimppositionsareshownassmallblack
framesin this image.

Figure11: Thetwo ortho-imagescorrespondingto DEMsbuilt fromimagesof thesecondtrajectoryin figure4.

All the imageswereprocessedoff-line, but the computationstimes arecompatiblewith an on-line
implementation.Most of the time beingconsumedby stereovision andinterestpointsmatching,which
bothtakeaboutonesecondonanUltra-10SparcCPU(anoptimizedcompilationon-boardtheCeleronof
theAS-500shoulddramaticallyspeedup theseperformances).

6In the absenceof anyattitudeestimationdevice on-boardtheblimp, the planeof theDEM is definedorthogonallyto the view
axisof thefirst stereovisionpair considered.
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Figure12: Final digital elevationmapproducedwith the80 stereovisionimagescorrespondingto thethird trajectoryof figure4.
Theoverallpositionestimationerror canbeseenon top of theright image,wherethefirst andthelast imagesoverlap(blueellipse).
Theabsolutetranslationerror is about KML at theendof thetrajectory.

4 Flight control

Our objective is to endow the AS500with the ability to executeplannedtrajectorieson the basisof its
sensors,andin the long term on the basisof the perceptionof groundelements.For that purpose,we
have characterizeda completemodelof our airshipthattakesinto accounttheaerodynamic,dynamicand
aerostaticwrenches.Fromthis modelwe have developeda controlstrategy which is basedon lateraland
longitudinalstatedecoupling.As thedynamicswithin the longitudinal andlateralplanesturnsout to be
very weakly dependent,this decouplingappearsquite naturally. Following this consideration,we have
definedtwo 6-dimensionalsubsystems,by splitting the initial model. Futhermore,we usedthe property
that the dynamicsof a part of the statevariablescan be linearizedaroundan equilibrium valuewhich
correspondsto theairshipcruisingspeed.

TAKE OFF

Transitional
Longitudinal 

Flight

Longitudial
Tracking

Lateral
Navigation

LANDING

Figure13: Theflight controlstrategy

Consideringthedecouplingpropertyandthenature
of actuators,the following five flight phaseshave to
be considered: takeoff, longitudinal transition phase,
steadylateralnavigation,steadylongitudinalnavigation,
landing.A diagramrepresentingtheseflight phasesand
the possibletransitionsbetweenthemis representedin
figure(13).

The control strategy allowing to perform the dif-
ferent flight phasesis basedon threenominal control
laws. Due to the vectoredthrust, the motion involves
first a transitionallongitudinal phaseduring which the
propelleris progressively drivenfrom theverticalto the
horizontalposition. The control strategy involvesthen
successivley lateralandlongitudinalcontrol.Thelongi-
tudinalcontrol is basedon trajectorytrackingwhile the
lateraloneis definedasa pathfollowing. To consider
both dynamicandgeometricconstraints,backstepping
techniquesare involved. A detaileddescriptionof the
controllersis presentedin [8]).
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5 Curr ent work and issues

Regardingenvironmentmodeling,ourfocusis onthedevelopmentof a“SLAM-based”approachto ensure
thebuilding of a spatiallyconsistentmodel. The localizationmethodwe usedhere(which we refer to as
“optical odometry”)eventuallydrifts, aserrorsarecumulatedover the distancetraveled. For the SLAM
algorithm,we intendto usesomeof theinterestpointsdetectedaslandmarks.

Fromamoreprospectivepointsof view, weareinvestigatingthepossibilityto integratevarioussources
of aerialinformationsin theDEM, includingdataacquiredbya groundrover. Thelatterproblemis avery
importantone,asit is a basisuponwhichfutureair/groundrobotscollaborativescenarioscanbebuilt.

Finally, first flight controlexperimentsareplannedfor thesummer2002.

References
[1] AIAA. Lighter-Than-AirConventionandExhibition,Akron,OH (USA), July2001.

[2] J.R.Azinheira,E. dePaiva,J.Ramos,S.S.Bueno,M. Bergerman,andS.B.V. Gomes.Extendeddynamicmodel
for auroraroboticairship. In 14thAIAA Lighter-Than-AirConferenceandExhibition,Akron,Ohio (USA), July
2001.

[3] E.C. de Carneiro,S.S. Bueno, and M. Bergerman. A robust pitch attitude controller for aurora’s semin-
autonomousroboticsairship.In 13thAIAALighter-than-airSystemsTechnologyConference,Norfolk,Va. (USA),
pages141–148,July1999.

[4] A. Elfes, N. Bergerman,J.R.H.Carvalho, E. Carneirode Paiva, J.J.G.Ramaos,andS.S.Bueno. Air-ground
robotic ensemblesfor cooperative applications: Conceptsandpreliminaryresults. In 2nd InternationalCon-
ferenceon Field and serviceRobotics,Pittsburgh, Pa (USA), pages75–80.AuromationInstitute, Centerfor
TechnologyInformation,Aug, 1999.

[5] A. Elfes, M. Bergermann,andS. Bueno. The potentialof robotic airshipsfor planetaryexploration. In 10th
InternationalConferenceonAdvancedRobotics,Budapest(Hungary), pages131–138,Aug. 2001.

[6] A. Elfes, S.S.Bueno,M. Bergerman,J.G. Ramos,andS.B VarellaGomes. ProjectAURORA: development
of an autonomousunmannedremotemonitoring robotic airship. Journal of the Brazilian ComputerSociety,
4(3):70–78,April 1998.

[7] O. Faugeras,T. Vieville, E. Theron,J. Vuillemin, B. Hotz, Z. Zhang,L. Moll, P. Bertin, H. Mathieu,P. Fua,
G.Berry, andC.Proy. Real-timecorrelation-basedstereo: algorithm,implementationsandapplication.Technical
ReportRR2013,INRIA, August1993.

[8] E. HygounencandP. Soueres.Automaticairshipcontrol involving backsteppingtechniques.In IEEE Interna-
tional CongerenceonSystems,ManandCybernetics,Hammamet(Tunisia), October2002.

[9] I-K. Jungand S. Lacroix. A robust interestpoint matchingalgorithm. In 8th International Conferenceon
ComputerVision,Vancouver(Canada), July 2001.
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