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Abstract

Robotsprovideuswith a meansto movearoundin, visual-
ize,andinteractwith a remotephysicalworld. We haveex-
ploited thesephysicalpropertiescoupledwith thegrowing
diversityofusersontheWorld WideWeb(WWW)[1] to cre-
atea WWWbasedteleroboticremoteenvironmentbrowser.
Thisbrowser, calledMechanicalGaze,allowsmultiplere-
moteWWWusersto control a robotarm with an attached
camerato explore a real remoteenvironment.Theenviron-
mentvariesbut is typicallycomposedof collectionsof phys-
ical museumexhibitswhichWWWuserscanviewatvarious
positions,orientations,andlevelsof resolution.

http://vive.cs.berkeley.edu/capek

1 Intr oduction

We havedesignedthis teleoperatedWWW serverin order
to allow usersthroughoutthe world to visit actualremote
spacesandexhibits.It alsoservesasa usefulscienti®ctool
bypromotingdiscussionaboutthephysicalspecimensin the
browsersuchasinsects,live reptiles,raremuseumcollec-
tions,andrecentlydiscoveredartifacts.

Theuseof anon-linecontrolledcameraeliminatesmany
of theresolutionanddepthperceptionproblemsof libraries
of digitizedimages.Theuserhascompletecontroloverthe
viewpoint,andcanexperiencetheexhibitin itsstateatapar-
ticularmomentin time,underthesameconditionsandlight-
ing asa viewerwhois in theactualspace.

In addition,eachexhibit hasa hypertextpagewith links
to textsdescribingtheobject,otherwebpagesrelevantto it,
andto commentsleft by otherusers.Thesepagescanbeac-
cessedby navigatingthecamerain physicalspace,andcen-
teringon a particularobject. Thepagescanbe thoughtof
asmark-upsof 3D objectsin the spirit of VRML [2], but
wherethe objectsare actualphysicalentitiesin a remote
spaceratherthansimplymodels.

Exhibits canbe addedor removedin a matterof a few
minutes,allowingfor anextremelydynamicarrayof objects
tobeviewedoverthecourseof onlyafewmonths.Usersare
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encouragednot only to checkbackfor upcomingexhibits,
but to participatethemselves.Userscanleavecommentary
aboutanitem onexhibit,creatingdialogueaboutthepiece,
aswell asfeedbackto theowner, artist,or curatorof theob-
ject. Institutions,museums,curators,scientists,artists,and
individualusersareall invited to exhibitobjects.

2 Goalsand Motivation

Initially, we were driven to developa useful application
for interactivetelerobotics. We were inspiredby the di-
versity andgrowth of the WWW asthe mediumfor such
aninexpensive,publiclyaccessibletool for remoteenviron-
mentbrowsing.Therestrictionsimposedby theHyperText
Markup Language(HTML) madeit dif®cult to designan
intuitive userinterfaceto a complexrobotic system. Cer-
tainly, wecouldhavechosento constructcustomnavigation
softwarefor usersto download.While this would allow us
morefreedomin thedesignof theoverallsystem,it would
severelyrestrict the accessibilityof the system. Sincewe
considerthe quantityanddiversity of userson the WWW
asoneof its mostpowerfulaspects,we choseto constrain
the developmentof our systemwithin the accessibilityof
WWW users.

2.1 Goals

Beforedesigningthesystemwe setforth our goalsfor the
project. Our primary goal was to providea universalre-
moteenvironmentbrowsingtool that is usefulfor thearts,
sciences,andin the developmentof educationanddistant
learning.Tomeetthisgoalweagreeduponseveralelements
thatwe felt wereessentialto anyWWW basedtelerobotic
system.

First,wewantedto insureuniversalunrestrictedaccessto
thesystem.Thiswouldallow accessto artifactsandobjects
by a wider audiencethanpreviouslyavailable.Currentac-
cessrestrictionsareusuallytheresultof geographic,politi-
cal,or monetaryconstraintspreventingtheindividual from
travelingto theobject.Likewise,ownersandcuratorsof ex-
hibitsdonot alwayshavetheresourcesor thedesireto tour
theobjectsthroughouttheworld. We wantedto developa
tool thatwouldattemptto solvemanyof theseproblemsby



bringingthepeopletogetherwith theobjectsat a minimum
cost.

Ratherthana ®xed,staticdisplay, the browsermustal-
low userstruethree-dimensionalnavigationaroundobjects
at varyingpositions,orientations,andlevelsof resolution.
As DavidGelerntersuggestsin hisbookMirror Worlds [3],
suchsystemsthatgazeinto remotespacesshouldshoweach
visitor exactlywhattheywantto see.This requiresthesys-
temto providemillions of differentviewsfrom millions of
differentfocuseson thesameobject.Certainlyvisitorswill
desireto zoomin, panaround,androamthroughtheworld
astheychoose.More importantly, theyshouldbepermitted
toexplorethisspaceatwhateverpaceandlevelof detailthey
desire.Usersshouldalsobefreeto swivelandrotatetheim-
age,to getabetterlook atregionsthatmightbeobscuredin
theinitial perspective.

The teleroboticsbrowsershouldalsoprovideto the ex-
hibit owners,curators,and caretakersa forum to receive
feedbackandcommentaryabouttheirexhibit. Thissamefo-
rum shouldalsoallow scientiststo discussdetailsconcern-
ing classi®cationof specimenssuchasinsectsor theorigins
of anrecentlydiscoveredartifact.Essentially, somemethod
for leavingcommentsandcreatingdialogueshouldbepro-
vided.

Finally, thesystemshouldallow exhibitsto beaddedand
removedwith aminimumof effort, thusprovidingthepossi-
bility of exhibitingawidevarietyof objectsoverthecourse
of afewmonths.In addition,recentlydiscovered/developed
scienti®cobjectsshouldbe ableto be addedfor universal
browsingwithin theorderof a few minutes.

2.2 Why UseLive Images?

A commonobjectionto our approachis why wesimplydo
notusepre-storeddigitizedimagesfor browsingobjectsand
spaces.While we agreeuponthe importanceof suchpre-
storedimages,theremoteenvironmentbrowserofferssev-
eral distinct advantagesover conventionalimagedatabase
solutions.

For example,thestandardapproachto providingremote
accessto museumcollections'visualdatais to digitizeand
pre-storeimagesof all artifactsor specimens.This solu-
tion requiresconsiderableexpenseandtimecommitmentto
completethe capture,storageandservingof digitized im-
ages. Our teleroboticapproachallows remotescholarsto
interactivelyview museumartifactsandspecimenson de-
mand.Thisallowsthemto achievemuchhigherimageres-
olution without the expensivedigital storagerequirements
typically associatedwith largeimagedatabasesthatsupport
distributedusersandoffer high resolution.Our interactive
viewingsolutionalsorelievesmuseumsof theneedto store
digital imagesof entirecollectionsovera varietyof resolu-
tions.

Our approachallows immediatevisual accessto any/all
collectionmaterialsfrom thebeginningof a project.Tradi-
tional imagecapturingcantakeseveralyearsfor large re-
searchcollections,with millions of specimensthat require
specialhandling.Theremoteenvironmentbrowsersolution
eliminatesthewaitingperiodthatusuallyoccursduringse-
rial indexingandimagecapture.Museumsthatutilize a re-
motebrowsingmodelareableto provideremoteaccessto
any/allof theircollectionmaterialsatamoment'snotice,as
opposedto accessto aseriallyincreasingnumberof objects
over time. Theability to view specimensis morevaluable
if all specimensareavailable,thefewerspecimensin acol-
lectionthataredigitized,the lessresearchvalueaccruesto
theresourceasa whole.

By allowing researchersto choosetheir own view and
magni®cationof the specimenor artifact, argumentsover
which speci®cview or numberof viewsa museumshould
provideto remoteusersareeliminated.With athreedimen-
sional object therewill alwaysbe argumentssurrounding
what view to capture. Unlessuserscanchoosetheir own
view of museumcollections'materials,theywill notbesat-
is®edwith using digital imagesfor research.Even more
importantly, somevisually orientedresearchuses,suchas
taxonomyandmorphologycannotbesupportedin thedig-
ital environmentwithout the provision of multiple views
andmagni®cations.Usefulstatisticscanbegatheredby the
browserasto which viewsaremorepopularamongscien-
tists andhencedraw conclusionsas to the relative impor-
tanceof particularviewsandresolutions.

Certainly, dynamicexhibitssuchaslive creatures,mov-
ing liquids, andmechanicalsystemsmustbeviewedusing
live images.Theselive viewsarenecessaryto studythebe-
haviorof suchsystems.

Furtherdiscussionsabouttheuseof digital imagesin art
and science,as well the implicationsof their usecan be
foundin severalsources[4; 5; 6; 7].

3 Previousand RelatedWork

Thesensationof embodimentof anindividual in a real life
distantlocationhasprovidedmorethanenoughimpetusfor
peopleto developremotetelepresencesystems.

One of the earliest electrically controlled mechanical
teleoperationalsystemswas developedby Goertz [8] in
1954. Many subsequentsystemswereaimedat safelyex-
ploring hostile remoteenvironmentssuch as battle®elds,
nuclearreactors[9], deepoceans[10], mining [11], and
outerspace[12]. Additional applicationsfor teleoperated
surgery[13] andmanufacturing[14] havebeenexploredby
severalresearchers[15;16; 17].

Mostof thesesystemarequitecomplex,requiringspecial
purposededicatedhardwareto controlandinteractwith the



mechanismin theremoteenvironment.As oneof ourgoals
states,wewantedto constraindevelopmentto asystemthat
would beaccessibleto a wide audiencewithout additional
expensiveor extraordinaryhardware.

Thespontaneousgrowthof theWWW overthepastsev-
eral yearshasresultedin a plethoraof remotecontrolled
mechanicaldeviceswhich canbeaccessedvia the WWW.
Someof theseearlysystemsemployed®xedcamerasin re-
motespaceswhereuserscould observedynamicbehavior
suchastheconsumptionandbrewingof coffee in a coffee
potor theactivity of a favoritepetin its nativehabitat.

Systemsevolvedto allow usersvariouslevels of con-
trol via theWWW suchastheLabCam[18] developedby
RichardWallace.His systemallowedremoteusersto aima
pan/tilt camerausinganintuitive imagemapinterface.

Progressionto intricatecontrolof moredegreesof free-
domwasrealizedby introducingrobotsto theWWW. Ken
Goldberg et al. [19] developeda 3 DOF teleroboticsys-
temwhereuserswereableto explorea remoteworld with
buriedobjectsand,more interestingly, alter it by blowing
burstsof compressedair into its sand®lledworld. Mark
Cox [20] developeda systemfor allowing usersto request
imagesfrom a remotelycontrolledtelescope.Anotherre-
moteroboticsystem,developedbyKenTaylor[21], allowed
WWW usersto remotelymanipulateblocksusinga robot
with an attachedgripper. More recently, Ken Goldberg et
al. havedevelopedateleroboticsystemcalledtheTeleGar-
den[22] in which WWW usersareableto observe,plant,
andnurturelife within a living remotegarden. As of this
writing, well over severalhundredinterestingmechanical
devicesareconnectedto the WWW with more spawning
daily.

4 Overview

Ourdesignchoicefor theuserinterfaceto theremoteenvi-
ronmentbrowserwasto mimic muchof the look andfeel
of a museum.We choosethis approach,hopingthatusers
would ®ndit familiar to navigate,andthusmoreintuitive
andinviting to use.

AsauserentersMechanicalGaze,theyarepresentedwith
achancetoviewsomegeneralinformationabouttheproject,
receiveabrief introduction,obtainhelpin usingthesystem,
or entertheexhibitiongallery.

Userswhoentertheexhibitiongalleryarepresentedwith
an up to datelisting of the exhibitscurrentlyavailablefor
browsing.Thesearetheexhibitsthatarephysicallywithin
the workspaceof the robotandcanbeexplored.The idea
behindtheexhibitiongalleryis to giveonly abrief introduc-
tion to eachof theavailableexhibits.Thistypically consists
of providing the nameof eachexhibit, the datesit will be

available,thepresenter(s),andperhapsaverybrief descrip-
tion.

Userswho wish to morecloselyexamineanexhibit can
simply selectit from thelisting. Theuserwill thenbepre-
sentedwith amoredetaileddescriptionof theexhibitaswell
asachancetoeitherbrowsetheexhibitusingtherobotor re-
questto view thecommentscorrespondingto thatexhibit.

5 Hardware

ThesystemhasoperatedfrombothanIntelledex605Trobot
with 6DOFanda 4DOFRobotWorld robot. The only no-
ticeableexternaldifferenceis that theroll andpitch opera-
tionsareonly availablewhenthesystemis operatingfrom
theIntelledexrobot. Otherwise,theback-endrobotichard-
warechangeis transparentto the user, giving hopeto the
prospectof suchsystemsrunningon a variety of different
robotsin variousenvironments.

Imagecapturingis performedusinga cameraandframe
grabberhardware. Imagesare receivedfrom an RCA
Pro8438mmvideocameramountedontothelastlink of the
robot. The auto-focusfeatureof the video cameraallows
usersto view a varietyof objectsclearly, irregardlessof the
object'sownheightor thedistancefrom whichit is viewed.
Typical exhibition spacesallow usersto captureclearim-
agesanywherefrom 3±30cmfromthesurfaceof theobject.
Sincewe desiredaneasilyrecon®gurableexhibitionspace,
a®xedfocuscamerawouldnotbeableto accommodatethe
widevarietyof differentlysizedobjects.

Image digitization occurson either a VideoPix frame
grabbercardattachedto a SunIPCworkstationor standard
imagecapturehardwareavailableon an SGI Indy. Eight
bit 320x240color imagesarecapturedin lessthan50 ms.
Furthercomputationto converttheimageintoacompressed
JPEGformatfor incorporationinto HTML documentsand
saveit to disk takesanadditional2±3seconds.Overall,the
time requiredto capture,convert,andsavean imageis on
theorderof 2±3seconds.

The actualHyper Text TransmissionProtocol (HTTP)
servercontainingthe customCommonGatewayInterface
(CGI)scriptsandstateinformationfor individualusersoper-
atesfromanHP715/60workstation.Thismachineprovides
the front endinterfaceto the systemby receivingrequests
fromWWW users,employingtheservicesof theotherhard-
ware in the system,anddeliveringthe resultsbackto the
userin anHTML format.

6 Robot Interface and Control

To interfacetherobotto theWWW, two separatepiecesof
codewerewritten. The actualrobot motion is performed
by adaemonthatacceptsstandardizedrequestsvia asocket



Figure1: SystemArchitecturewith IntelledexRobot

connectionandconvertstheminto the nativerobotdepen-
dentcommands.Theothercodeinteractsdirectly with the
remoteWWW userby handlingadministrativeissues,re-
sourcecontention,HTML pagelayout,andrequeststo the
robotdaemonwhentherobotmustbemoved.

6.1 Radius: The Robot Control Daemon

Radius,namedafter the main robot characterin R.U.Rby
Karel ÏCapek[23], is therobotcontroldaemonthatprovides
a standardizedinterfaceto thevariousrobotsinvolved. By
standardizingthis interface,the restof the systemcanbe
written ignoringanyspecialkinematicsor controlsystems
for the particularendrobot. Requeststhat involve control
of therobotor camerahardwarearehandledby Radius.Ra-
diuslistensfor theserequestsonanestablishedsocketport.

Whena socketconnectionis made,Radius®rstchecks
for authenticationusinga knownencoding.This prevents
unauthorizedcontrolof therobothardware.This is particu-
larly importantaswemovetowardsdeviceswith thecapac-
ity of physicalmanifestationsof energy in aremoteenviron-
ment. The damageresultingfrom an unauthorizedaccess
into suchassystemcancausenot only irreparabledamage
to theroboticequipmentandexhibits,but humaninjury as
well. Therefore,measuresto preventat leastthemostnaive
attacksshouldbeincludedin suchsystems.

Authorizedconnectionsto Radiusincludea 4 bytemes-
sage.Themessageencodesthetypeof requestanda mask.
Therequesttypecanbeamotioncommandor imagecapture
command.Thisis followedby severalbytesof datadepend-
ing upontherequesttypeandmask.Radiuscanalsoquery

therobottodeterminewhenall motionshavestopped,hence
allowinganimageto becaptured.

Whenanimagegrabrequestis received,Radiuswill em-
ploy theuseof theavailableimagecapturehardwareto cap-
tureanimage,convertit to a320x2408 bit colorJPEGim-
age,assignit a uniqueidenti®cationnumberwhich is em-
beddedinto the image®lename,andoutput it to a tempo-
raryspace.Theuniqueimagenumberis passedbackto the
requestingprocesssothat thecorrectcorrespondingimage
will bedisplayedin the HTML documentdeliveredto the
user.

Sinceour interfacedesignis WWW based,requestsare
eventdriven.After a userhasloadedanimage,therobotis
left idle until theusermakesanotherrequest.Insteadof al-
lowing this exclusiveaccessto therobot,leavingtherobot
idle while the usercontemplatesthe next action, we ser-
vice additionalrequestsfrom otherusers.By multitasking,
we provideincreasedaccessto therobotaswell asa more
ef®cientuseof systemresources.However, we mustpro-
vide a methodto guaranteethat certainatomicoperations
areexclusive.For example,a requestto moveandgraban
image,mustbe exclusive. This insuresthat no othermo-
tion occursbetweenthe time we movethe robot andcap-
turetheimage.If wehadfailedto implementthis,wewould
havenoguaranteethattheimagedeliveredbackto theuser
wasactualtakenfrom thelocationthattheyrequested.The
socketconnectionprovidesthemutualexclusionnecessary
to insurethecorrectfunctionalityof MechanicalGazeeven
when handlingmultiple requests. When a requestis re-
ceivedby Radius,subsequentrequestsarequeueduntil the
®rstrequesthasbeenhandled.This insuresthatrequestsoc-
cur in orderandhaveexclusiveaccessto therobotandcam-
erahardwarefor thedurationof therequest.

6.2 Navigation PageConstruction

Requeststo browseanexhibitarehandledby acustomCGI
script. Initially, thescriptis passeda uniqueidentifying in-
ternalnumbercorrespondingto the exhibit to bebrowsed.
Thescriptreadsin thecurrentlist of exhibitsandextractsthe
relevantinformationfor theexhibitof interest.Oneof these
itemsis thephysicallocationof theexhibit in theremoteen-
vironment. Using this information,a socketconnectionis
openedto Radius,therobotcontroldaemon,anda request
madeto movetherobotto thedesiredlocationandcapture
animage.

Whentheresultof thatrequestis received,theCGI script
dynamicallylaysouttheHTML page.First,it extractsinfor-
mationfrom the internallist of exhibits. This providesthe
nameof theHTML ®leto placeat theheadof thebrowser
page. The systeminsertsa line to indicatethe amountof
time the userhasbeenusing the system. Next, it inlines
thecapturedandconvertedJPEGimage,placingit within an
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Figure2: A typicalnavigationpageusingtheRobotWorld robot

imagemapwith auniquerandomlyassignednumber. To the
right, variousnavigationaltoolsarelayedout. Additional
navigationiconsareattachedbelow this. Theseiconsal-
low usersto leavecommentsabouttheexhibit,moveto the
nextor previousexhibit,returningto thelist of exhibits,ob-
tainhelp,or returnhome.To conveya senseof presenceof
otherusers,the systemthendisplaysof the last threevisi-
torsinto thesystem.Finally, thevariouscommentsleft con-
cerningthisexhibitareattachedto endof thepage,complet-
ing the delivery of the HTML ®le. The CGI script writes
out aninternaluser®leusingthesamerandomlygenerated
uniquenumberfrom above.This ®lecontainsthestatein-
formation,suchastheuser, position,time,andotherinfor-
mationconcerningthe pageandaccompanyingimagejust
delivered.Thisnumberis embeddedwithin thepagesothat
requestsoriginatingfrom this pagewill referenceinto this
correspondinguniquestatus®le.Thisallowsfor subsequent
requeststo maketheir referencerelativeto thecorrectposi-
tion that theuserlast viewed. The®nalresultof a remote
environmentnavigationrequestis a pagesimilar to theone
depictedin Figure2.

7 Navigational Tools

After receivinga navigationpage,ausermaywish to mod-
ify thevantagepointof theexhibitandobtainanewimage.
Thismodi®cationtakesplaceby employingoneor moreof
thenavigationaltoolspresentedto theuserfrom thatpage
shownin Figure2. Thesetoolsprovidethesensationof ex-
ploringa remotespaceby alteringtheviewpoint.

Onenavigationoptionavailableto theremoteuseris to
scroll the image. Scrolling movesthe camerawithin the
sameplaneasthecurrentview, capturesa newimagefrom
that locationanddeliversit to the remoteviewer in a new
navigationpage.This is accomplishedby eitherselectinga
portionof theimagefor ®nemotioncontrolor thelocation
statustool for morecoarsemotion. Fine motion requests
bringtheselectedportionof theimagedirectlyinto thecen-
terof the®eldof view in thesubsequentimagewhile coarse
motionsmovethecamerato a particularareawithin theen-
tire de®nedexhibitionspace.

Everyexhibit allows a userto zoomin closerto an ob-
ject for a more detailedinspection,as well as zoom out
to achievea wide angleview. Zooming is accomplished
throughthezoomnavigationtool locatedontheright sizeof
theimage.Thecameramimicsthemotionof thethermome-
ter indicator. Userscanalsomakeselectionsdirectlyonthe
thermometerto bettercontrolthezooming.

Whenthe systemis employingtheoperationsof the In-
telledex6DOFrobot,therolling andpitchingtools(notpic-
tured in the samplenavigationpage)arepresentedto the
user. Choosinga point on the roll or pitch tool will cause
thecamerato roll or pitchdependingupontheselectionand
delivertheresultingimagefrom thenewvantage.

8 Futur e Ideasand Discussion

MechanicalGazehasproveditself asa usefultool for ex-
ploringremoteenvironments.However, theseworldsare®-
niteandde®nedby thelimits of theworkspaceof therobot.
Wehavesincebeendevelopinganewtool for spacebrows-
ingonamuchlargerscale.Werealizedthatit wasnecessary
to deliver a morerealisticperceptionof physicalembodi-
mentof the userwithin the remotespacebeingexplored.
Suchassystemmustimmersetheuserin theremoteworld
by providingcontinuityof motionandusercontrolof that
motion. Theseelementswould providethe userthe visual
cuesnecessaryto stitch togetherthe entirevisual experi-
encesintoacoherentpictureof abuildingandits occupants.
We alsowantedto providetheuserwith themeansto com-
municateandinteractwith theremoteworld andits realin-
habitantsusingthisnewsystem.

Our answerto this problemis a helium-®lledblimp of
humanproportions,or smaller. Theblimp or tele-mobotis



a simpledevice. It hasseveralmotorsdirectly connected
to small propellers,andno othermovingparts. The com-
plexity of theelectronicsis comparablewith a CB radioor
smalltelevisionreceiver. Theprototypecostapproximately
$1000.In quantity, it shouldbepossibleto produceblimps
that perform betterthan our prototypefor $300. Among
themechatronicdevices(printer, scanners,etc)thatwill be
connectedto computersin thefuture,blimpswill beamong
thesimplest.On boardtheblimp is a videocamera,micro-
phone,speaker, andradio links. The payloadis lessthan
a pound. Our ®rstprototypeis lifted by a 6 foot by 3 foot
cylindrical balloon. Our secondprototypehasan 8 ounce
payloadandis lifted by a 5 foot by 2.5 foot balloonwhich
¯ies in averticalpose.It canpassthroughanopendoorway,
climb astairwellor enteranelevator. At theotherotherend
of theradioconnections,aPCor UNIX machinewith frame
grabberhardwareandasoundcardlinks theblimp'ssensors
andactuatorsto thenetwork.

Thepilot, elsewhereon theinternet,usesa Java[24] ap-
plet,runningwithin anyJavasupportingbrowser, to deliver
continuouscommandsto theblimp andreceivestatusinfor-
mationbackto bedisplayedandaid thepilot in navigation.
In addition,usingexistingteleconferencingsoftwaresuchas
nv or vic for the Mboneor CU-SeeMefor mostPC's, the
usercanreceivelive videoandaudiofromtheremotespace.
As theuserguidestheblimp up or down,left or right, net-
work videofrom theblimp'scamerajogsandstuttersonthe
pilot' sscreen.Theusercanalsosendaudiobackto there-
motespacesothatactualinteractiveconversationscantake
placeremotely.

Theblimpoffersthepossibilityof awiderangeof sponta-
neous,groupinteractions.Telephonesandteleconferencing
areintrusivemedia.Therecipientmustinterruptwhatever
theyaredoingto answerthecall. The interactionis either
one-on-one,or within a pre-arrangedgroup. A tele-mobot
cruisingby a groupcanoverhearthe conversation,recog-
nize the groupmembers,anddecideif it is appropriateto
entertheconversation.

Our aim is not to replacedirect humaninteractionbut
ratherto extendit. It allowsfor mobility in the3rddimen-
sionwhich is a wonderfulability in a building, gallery, or
largehall. However, theblimp tele-mobotalsooffer anex-
periencethatisoftenricherthanhumanexperiencesincethe
blimpcantravelintoplacesanddeliverviewsfromperspec-
tiveswherenohumancouldtravel,suchashighaboveapro-
ductionfacility or studio.

A blimp tele-mobothasno problemsco-habitatingwith
humans.A collisionof ablimpwith a®xedobstacleoraper-
sonis harmless.Evenanout of controlblimp posesno real
threatto people,while sucha statementcouldnot bemade
for othermobilerobots.

Dif®cultmotionplanningproblemsareavoidedby being

in theair. While mostmobilerobotswith wheelsandtracks
strugglewith varying ¯oor surfaces,andmostcannothan-
dle stairsor evena singlestep,the blimp tele-mobotsim-
ply ¯ies oversuchproblems.Theblimpalsoavoidsmanyof
thedif®cultmotionplanningproblemsoftenencounteredby
wheeledandtrackedmobilerobotswhentheyentera room
litteredwith books,®les,or cableson the¯oor.

Overallwe havefoundthattheimmersiveexperienceof
driving a blimp tele-mobotto beverycompelling.Themo-
tion is smoothandnaturalandwehopeto havea prototype
availablesoonto theWWW community.
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