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Abstract

Thispaperpresentsthecurrentstatusof thedevelopment
of ourautonomousblimp project.Detailsaregivenonthe
hardwaresetup,which is currently almostoperational.
Somefirst experimentalresultsonterrainmappingterrain
mappingwith low altitudestereoimageryarepresented
anddiscussed.Theapproachinvolvestheintregrationof
severalalgorithms:stereovision, interestpointmatching,
motionestimationanddigital elevationmapbuilding.

1 Intr oduction

Our long term objectives in field robotics is to tackle
thevariousissuesraisedby thedeploymentof heteroge-
neousautonomoussystems,in thecontext of exploration,
surveillanceandinterventionmissions.Within suchcon-
texts, aerialrobotswill undoubtlyplaya growing role in
the nearfuture, not only during the missionpreparation
phase(in which dronescangatherenvironmentinforma-
tions for instance),but alsoon-line, during the mission
execution.Aerial robotscanthenprovidetheroverswith
telecommunicationssupport,aswell aswith up-to-date
informationson the environment. They can also local-
ize theroversasthey evolvewithin thisenvironment,and
evenachieve by themselvessomeof themissiongoals.

In the context of our field roboticsproject,we recently
initiatedthedevelopmentof anautonomousblimp. While
notbeingunconditionalpromotersof blimpsandairships,
we are convinced that the ever on-goingdevelopments
in a wide spectrumof technologies,ranging from ac-
tuators,sensorsand computingdevices to energy and
materialwill ensurelighter thanair machinesa promis-
ing future. There is undoubtlya regain of interestin
this domain,asshown by the recentindustrialdevelop-
mentson heavy loads transportationprojects(such as
CargoLifter and the ATG Skycats1, not to mentionvar-
ious other prospective transportationprojects), and on
stratospherictelecommunicationplatforms.As for small-
sizeunmannedradio-controlledmodels,which sizeis of

1up-to-dateinformationson theseprojectsat www.cargolifter.com
andwww.airship.com

the orderof a few tensof cubic meters,their properties
makestheman very suitablesupportto develop hetero-
geneousair/groundroboticssystems:they areeasyto op-
erate,they cansafelyfly at very low altitudes(down to
a few meters),andespeciallytheirdynamicsis compara-
ble with the groundroversdynamics,asthey canhover
a long time over a particulararea,while beingableto fly
at several tensof kilometersper hour. Their main and
soleenemyis the wind (see[5] for a detailedandcon-
vincingreview of theprosandconsof smallsizeairships
with regardsto helicoptersandplanes).Finally, let’salso
notethatsomespecificapplicationsof unmannedblimps
aremoreandmoreseriouslyconsideredthroughoutthe
world, from planetaryexploration to military applica-
tions,asshown by numerouscontributionsin theAIAA
LighterThanAir conferencesfor instance[1].

The first mentionsof the developmentof unmannedau-
tonomousblimps can be found in the literatureof the
late80’s,but it’ s only recentlythatvariousprojectshave
reachedeffective achievements. One of the nicestAu-
rora,a projectheldat the InformationTechnologyInsti-
tute of Campinas,Brazil, mainly devotedto flight con-
trol [3, 2], but within which other issuesarealso con-
sidered[4]. Interestingprojectsarealsounderdevelop-
mentat the universityof Virginia [10], at the university
of Stuttgart[11, 8] andin variousotherlabs.

Besideslong-termdevelopmentsrelatedto thecoordina-
tion andcooperationof heterogeneousair/groundrobots,
our researchwork on autonomousblimps is currently
twofold: we concentrateon the definition of blimp tra-
jectorycontrollaws,andonenvironmentmodelingissues
usinglow altitudeimagery. For thatpurpose,weacquired
in theendof 2001a 15 cubicmeterairship,anddefined
thenecessaryon-boardequipment.

Thispaperpresentsourapproachto terrainmappingwith
low altitudestereoscopicimagery. After apresentationof
the experimentalplatform, section3 describesthe indi-
vidualalgorithmsrequiredby theterrainmapping:stere-
ovision, motion estimationbetweenstereoframes,and
digital elevation map building. Section4 presentsome
first results.



Figure 1: Our AS500during its first testflight in November2001

(noon-boardinstrumentwereinstalledat thattime)

2 The experimentalplatform

2.1 An AirspeedAirship AS-500

Variousradio-controlledblimpsarebuilt throughoutthe
world. After oneyearof investigations,wedecidedto ac-
quireandAS-500modelfrom theenglishcompany Air-
speedAirship2. Criteria for this choicewerethesizeof
the blimp (which we wantedto be rathersmall, for the
easeof deploymentandstocking),its availablepayload
andits possibleoperationmodes.

Nominal specifications. Accordingto the constructor,
the technical characteristicsof the original AS-500
modelarethefollowing:

��������� long, 	 ����
�� maxdiameter, givingavolumeof
about 	
� ��
���� , anda fitnessratioof � � � � .

� Vectorizedthrust( 	 
�
�� range),with two ��� ��� ��� en-
gines,allowing speedsup to ����� ����� , possiblecon-
trol in wind gustsup to � ��� ����� , andanendurance
of � 
 minuteswith a 	 ��
 ��� fuel load.

� The hull is madeof welded mylar, and equipped
with 4 controlruddersin a “x shape”configuration.

2Thecompany’shomepageiswww.airship.demon.co.uk/airspeed.html
- theplatformusedin theAuroraprojectis anAS-800,asimilar bigger
model.

Figure 2: Thevariouscontrolparametersof our AS-500

A ballonetfed with air capturedat the rear of the
propellersmaintainsa constanthull pressure,anda
radio-controlledvalve on top of thehull canrelease
heliumwhenthetemperatureis gettinghigher.

� The staticpayloadof the AS-500(i.e. to reachthe
equilibrium)is � � ����� , andtheblimp mustalways be
overweightedof 	 � � to ����
 ��� in flight: themaximal
availablepayloadis thereforeabout ����� .

Specificmodifications. In collaborationwith Airspeed
Airships,wespecifiedthefollowingmodificationsfor our
purpose:

� Electric motors: to have a finer controllability, we
preferredto opt for electric motors. They do not
weighmorethanfuel engines,but arelesspowerful,
thusreducingthemaximumreachablespeedandthe
possibility to fly in wind gusts. Their main draw-
back is the weight of the requiredbatteries,which
considerablyreducestheavailablepayload.Wewill
howeverseein section2.3thatthanksto lighterbat-
teriesandpossiblealternative energy sources,this
drawbackcanbeovercomed.

� Sternthruster:theruddercontrolsurfacesrequirea
certainspeedto allow changesin both the altitude
andorientationof the blimp. In order to have the
possibility to maneuver the blimp while hovering,
wechooseto adda sternthruster, thatgivesthepos-
sibility to controltheyaw angle.

Thevariouscontrolparametersof theblimp aresketched
in figure2. With thespecifiedconfiguration,we madea
first testflight, in order to checkthe availablepayload.
It turnedout that thestaticpayloadto reachequilibrium
decreaseddown to 	 � ����� , due to the batteriesweight.
We couldsuccessfullyfly andmaneuver the blimp with
	 � ����� overweight(the wholeavailablepayloadis there-
fore ����� ��� ), but theflight autonomyis not longerthan 	
�
minuteswith thebatteriesprovided.

2.2 On-board equipment

To transformtheblimp from a radio-controlledmachine
to arobot,weequippedit with asetof proprioceptiveand



exteroceptive sensors,andwith computingandcommu-
nicationscapabilities.

Stereovision. One of the advantageof having a big
platformis thatit cancarryawidebasestereobench,thus
having the possibility to directly gather3D dataon the
overflown ground. We adapted2 high resolutiondigital
B&W camerasonarigid ��� carbonprofilethattraverses
the 	 � � � longAS-500gondola.

Blimp state observation. In order to tacklethe flight
control problem(and also to easethe developmentof
mappingalgorithms),we addedthefollowing sensors:a
differentialGPSreceiver, a fluxgatecompass,that also
providetheblimppitchandroll angles,andawindsensor
(sonartransducertechnology),that measuresthe speed
and orientationof the relative wind in the longitudinal
plane.

CPU. We opted for a Matrox 4Sight board: it is an
EBX form factorPCmotherboard,endowedwith all the
necessarycommunicationports(100base-Tethernet,two
USB ports,two RS232ports,16 TTLs, andespecially3
firewire ports). The boardcomprisesa PC104slot, on
which we addedfour moreRS232portsanda PCMCIA
interfaceto hostalight 	�	����! #"%$ � $ ethernetmodemcard.
Thanksto the 566 Mhz Celeronprocessor, vision algo-
rithmswill eventuallyrunon-boardtheCPU.

Actuator control. Thecontrolsurfacesandmotorser-
vosof theblimp areusualPWM controlledmodelistde-
vices. We usea singlechip3 that can generateup to 8
sustainedPWM signalsfrom a RS232input to control
the actuators.For safetyreasons,it is essentialthat an
operatorcanretrieve the blimp control from the ground
with theradio,at anytime: this is donethanksto a radio
controlledswitch,thatcutsthePWM signalscomingout
from thechip.

Thewholehardwarearchitectureis sketchedin figure3,
and some specificationsof the various devices are
summarizedin table 2.2. The total equipmentweight
is 	 � � ��
 kg, which leavesonly 	 � � 
�
 kg for the various
mechanicalparts,wires andbatteriesthat mustprovide
thenecessaryadditional� 
'& .
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Figure 3: Systemhardwarearchitecture
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Wind sensor 240g (�) 34,5-0/6*
1 Acc. : (�) (4+
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Curr ent developments. The variousblimp stateesti-
mation sensorsmentionedabove provide the sufficient
informationsto tackle flight control in aerostaticmode
(i.e. hoveringor flying at very low speeds).But to con-
trol aerodynamicmodes,thepitchandyaw rateinforma-
tionsarenecessary. For thatpurpose,we areconsidering
theadditionof two solid-staterategyrosfor thatpurpose.
Also, thealtitudeestimateprovidedby theGPSreceiver
is not preciseenoughto safelyservo the taking-off and
landing phases:for that purpose,we will add a sonar
telemeter. Fortunately, the main drawbackof sonarsin
robotics,i.e. theirwideperceptionconewhichmaketheir
datainterpretationsotedious,will turn into anadvantage
in our case,astherewill benoneedto mechanicallysta-
bilize it alongthevertical.Finally, wearestill investigat-
ing for 3D wind sensors(Pitottubesareunfortunatelynot
sensitiveenoughat thelow blimp speeds).



Figure 4: Two examplesof imagestakenfrom theballoon.

2.3 Energy management

Energy is acritical issuefor any flying device,mainly for
safetyconsiderations.In our case,we alsowould like to
have moreautonomy, while satisfyingthemaximalpay-
loadconstraint.

OurAS-500wasoriginally equippedwith 3 setsof NiCd
batteries:onefor theradioreceiver andtheservos( � ���KJ ,
	 ���;LM� , 
N� 	O� 
 ��� ), onefor thesternthruster( �����KJ , ����
;L@� ,
N� ��� 
 ��� ) andonefor the main thrusters( 	!� � �KP , � ��
;L@� ,
	 ������
 ��� ).
We decidedto replacethe two thrusterbatterieswith
Lithium/Ion batteries,thathave a muchmoreinteresting
power/weightratio (about2.5timesbetter, which respec-
tively saves 	 ����
�
 ��� and 
N����
�
 ��� weight for the main
andsternthrusters),andto feedthe instrumentswith an
otherseparatesetof batteries.In total,theblimp now has
4 powersources,eachof thembeingcritical for its opera-
tion. Soeachbatteryis managedby a Maxim MAX1648
chip, thatallows boththe“intelligent” chargeof thebat-
teryandthedispatchingof statusinformationsto theCPU
via a multiplexedseriallink. Thefour charging modules
arelinkedto asingleconnector, onwhichapowersource
is pluggedwhile theblimp is ontheground(whichallows
bootinganddebuggingwithout any power loss),andon
which a rescuesetof non rechargeableLithium/Ion bat-
teriesis pluggedin flight (an additionalweight of only
N����
�
 ��� to deliver � ��
;LM�RQ 	�� J ). This very flexible
structurealsoallows thefutureuseof analternatepower
sourceonflight, suchasa Stirling engineof a fuel cell.

3 High resolutionterrain mapping

3.1 Experimental Setup

We acquiredabout3000stereoframesat altitudesrang-
ing from20to 30meters.Thesurfaceoverwhichthebal-
loonflew containselementsof variousnatures:rocky ar-
eas,grassareas,fences,tall treesandbushes,smallbuild-
ingsandaparkinglot (figure4).

3.2 Stereovision

Our stereovision algorithm is a classicalpixel correla-
tion algorithm[6]. A densedisparityimageis produced
from a pairof imagesthanksto a correlation-basedpixel
matchingalgorithm(we useeitherthe ZNCC criteriaor

the censusmatchingcriteria), falsematchesareavoided
thankstoareversecorrelation.With goodqualityimages,
thereversecorrelationphaseis enoughto remove thefew
falsematchesthatoccur. Figure5 presentssomeresults
of thealgorithmonvariousimagepairs.

Figure 5: Resultsof thestereovisionalgorithmon two exampleim-

ages.Original imageswherenon-matchedpixelsarewhite areon the

top line, disparityimagesareonthebottomline.

3.3 Building a DEM

Themaindifficulty tobuild adigital elevationmapcomes
from the uncertaintieson the 3D input data, that can
hardly be propagatedthroughoutthe computationsand
representedin the grid structure. In the 3D data, the
range(depth) coordinateis the most unprecise,espe-
cially in thecaseof stereovision, wherethis uncertainty
growsquadraticallywith thedistance.But theproblemis
well conditionedwhenusingaerialimageslookingdown-
wards.Not only thedataresolutionon thegroundis reg-
ular, but alsotheuncertaintiesonthe3D data“fits” well a
representationof theuncertaintiesin thedigital map: the
uncertaintiesin thedatacanbefairly well estimatedby a
standarddeviationon thecell elevation.

Consideringthesepropertiesof the data,our algorithm
to build a DEM thereforecomesdown to computingthe
elevation of the cell by averagingthe elevationsof the
3D points that areprojectedin the cells. The standard
deviation on theelevationis alsostraightforwardlycom-
puted,andsinceto each3D point is associateda lumi-
nancevalue,it is alsopossibleto computea meanlumi-
nancevaluefor eachmapcell (figure6).

3.4 Motion Estimation

In our experiments,the balloonpositioningdevice have
notbeennused:onemustdeterminetherelativepositions
of thesystembetweensuccessive stereoframesin order
to build a globaldigital elevationmap.For thatpurpose,
weadaptedamotionestimationalgorithmweinitially de-
velopedfor groundrovers (sketchedin figure 7 - more
detailscanbefoundin [9]).
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Figure 6: A digital elevationmapcomputedwith a singlestereovi-

sionimage.Fromleft to right: top view of theelevationscodedin grey

levels, top view of the luminancevaluesstoredin the DEM, and3D

view. Thehorizontalplaneof theDEM is heredefinedorthogonallyto

theview axisof thestereovisionimageconsidered.

Figure 7: Principleof thevisual motionestimationtechnique.The

stepsof stereovisiongo from left to right, time goesfrom top to bot-

tom. Given a stereovisionimagepair, a setof pixels are selectedon

the left image. They aretrackedandmatchedin the new stereovision

frame: this produces3D pointsassociations(right - the3D imagesare

representedasDEMsfor readabilitypurposes),from which themotion

is estimated.

But whenappliedwith agroundrover, thetrackingphase
is initiatedusinga first estimateof the motion provided
by odometry. This is not possiblewith the balloonim-
ages:no initial motion estimatebeingprovided,thereis
nowayto focusthesearchareain theimagesto trackthe
pixels.

This phaseis thereforereplacedby an algorithm that
matchesinterestpoints detectedon a pair of grey level
imagestakenfrom arbitrarypointsof view. First match-
ing hypothesesaregeneratedusinga similarity measure
of the interestpoints. Hypothesesare confirmedusing
local groupsof interestpoints: groupmatchesarebased
onameasuredefinedonanaffinetransformationestimate
andaoncorrelationcoefficientcomputedontheintensity
of theinterestpointsthatareconsistentwith theestimated
affinetransformation.Onceareliablematchhasbeende-
terminedfor a giveninterestpointandthecorresponding
localgroup,new groupmatchesarefoundby propagating
theestimatedaffine transformation(moredetailson this
algorithmcanbefoundin [7]).

The algorithm provides densematchesand is very ro-
bust to outliers, i.e. interestpoints generatedby noise
or presentin only one imagebecauseof occlusionsor
non overlap. Figure 8 shows someresultsof the inter-

estpointsmatchingalgorithmon someimagesacquired
with the balloon. The algorithmis extremelyrobust: it
hasbeentestedwith hundredsof imagesof various3D
scenes,takenin variousconditionsandenvironments.

Figure 8: Threeresultsof the interestpoint matchingalgorithm.

Thewhite squaresindicatetheinterestpointsthatwerematched.Note

that the viewpoint changesin the middle and right imagesare quite

important:nevertheless,no erroneousmatcheswereestablished.

4 First results

Thanksto thesethreealgorithms(stereovision, motion
estimationandmapbuilding),wecouldbuild variousdig-
ital elevationsmapsintegratingseveral tensof stereoim-
ages4.

Figure9 and10presentsadigitalelevationmapbuilt with
about 120 stereovision pairs, covering about 	
� 
�
���U ,
with a cell resolutionof �WVR��� �WU . The trajectoryexe-
cutedby the blimp, which couldbe recoveredusingthe
localizationalgorithm,is anabout 	 
�
�� long loop. The
last imagesoverlapsthe first images,andno discrepan-
ciescanbeobservedin thefinal modelon this area:the
localizationalgorithmgave hereanextremely precise po-
sition estimate, with a final errorof theordera mapcell
size, i.e. about 
N� 	
X . Figure 11 shows the map built
with all the imagesof the third trajectory: the position
estimationin this lattercasedrifted of about 	�X (seethe
discrepancieshighlightedby blueellipses).

All theimageswereprocessedoff-line, but thecomputa-
tions timesarecompatiblewith an on-line implementa-
tion. Most of the time beingconsumedby stereovision
andinterestpointsmatching,which both takeaboutone
secondonanUltra-10SparcCPU(anoptimizedcompila-
tion on-boardtheCeleronof theAS-500shoulddramati-
cally speedup theseperformances).

4In theabsenceof anyattitudeestimationdeviceon-boardtheblimp,
theplaneof theDEM is definedorthogonallyto theview axisof thefirst
stereovisionpair considered.



Figure 9: Digital elevationmapproducedwith about120stereovi-

sionimages.Left: 3D model,in which somepeaksareartifactsdueto

thepresenceof the movingoperator. Right: a top view of this model,

which is actually an ortho-imageof the terrain. The “vertical” pro-

jection of the blimp positionsareshown assmall black framesin this

image.

Figure 10: An otherexampleproducedwith about120stereovision

images.The3D view is acloseup of thebottomof theorthoimage.

Figure 11: An otherdigital elevationmapproducedwith about200

stereovisionimages.Theoverallpositionestimationerrorcanbe seen

ontopleft of theimage,wherethefirst andthelastimagesoverlap(blue

ellipse). Theabsolutetranslationerror is hereabout Y[Z at the endof

thetrajectory.

5 Discussion

Thelocalizationmethodweusedhere(whichwe referto
as“optical odometry”)eventuallydrifts, aserrorsarecu-
mulatedover thedistancetraveled.Currentwork concen-

trateson thedevelopmentof a “SLAM-based”approach,
in which someof the interestpoints would be usedas
landmarks.

From a moreprospective pointsof view, we areinvesti-
gatingthepossibilityto integratevarioussourcesof aerial
informationsin the DEM, including data acquired by a
ground rover. The latter problem is a very important
problem,asit is a basisuponwhich futurecollaborative
scenarioscanbebuilt amongair/groundrobots.
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